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IoHHI cTPYMH MOOAMHOKHMX KAHAJIIB AJePHOI MeMOpPaHuU

KapAIOMiONUTIB Iypa

O.A. Kotuk, A.Bb. Kotasposa, A.O. IToaimyk, C.M. Map4eHko

Inemumym ¢hizionoeii imeni O.0. bocomonvyss HAH Vkpainu, Kuis; e-mail: smml1003@gmail.com

3 sukopucmanmsim memody patch-clamp y konicypayii nucleus attached ecmanosneno, wjo sioepua memo-
PAHa Kapoiomioyumis wyypa mMicmums pizHi munu iOHHUX KAHALie 3 npogionicmio y dianazoni 6io 10 00 400
nCm. 3okpema, 3apeecmposano inosumoi-1,4,5-mpugocpamui peyenmopu 3 npogionicmio 384 + 5 nCm, a
maxoac kamionni kananu — 209 + 13 nCm, nodioui 3a énacmusocmamu 0o LCC-xkananis, onucanux paniuie
v netiponax. Kpim mozo, namu 3apeccmposano npunaiimui 06a munu iOHHUX KAHALi8, NPOGIOHICMb AKUX €
3HauHOo Oinvuioro, nide y LCC-kananis i 0ekiibKa munie ioHHUX Kananie 3 Huxcuoro nposionicmio (10-90 nCm).
Kniouosi croea: ionni kananu, soepua membpana, xkapoiomioyumu, Ca’*-cuenanizayis,; inosumon-1,4,5-

mpugocghamui peyenmopu.

BCTYII

SlnepHa 000J0HKA € HAIBIPOHUKHUM 0ap’epom
MIX IHTOIUIA3MOIO Ta HyKJeormiasMoro. TpaH-
CIIOPT Kpi3b sJepHYy MeMOpaHy 3a0e3neuyeTh-
Cs HAsIBHICTIO y HiH YMCIEGHHHX AIEPHUX HOP
Ta 10HHUX KaHaJIB 3 PI3HUMHU O0i0QI3MIHUMU
BJIACTHBOCTSIMH. He3Baxkaioun Ha BEJIHKY pi3HO-
MaHITHICTh I0HHUX KaHAIIB y AIepHi MeMOpaHi
[1-7] Ta yucieHHI HOCHIIKEHHS, MPUCBIUCHI
BHYTPIIIHBOKJIITHHHUM CHTHallbHHUM MeEXaHi3-
MaMm, 30kpema Ca’’-curnanisanii, dizionoriuna
pOJIb KaTiOH-CEJICKTUBHHUX 10HHUX KaHAIIB y
AAepHId MeMOpaHi 3aJUIIaeThCcsl OCTATOYHO
He3’ sicoBaHO0. KitrouoBa posib 10HIB KaJIbILIiIO Y
CKOpPOYEHHI KapJiOMIOIUTIB € 3araJilbHOBU3HA-
HOT0. 3HAYHO MEHII 10 CITiAKEHNUM 3aTHIIAETHCS
nuTaHHA MexaHi3MmiB yuacti Ca’’ y perynsumii
TPAaHCKPHIIIIii TeHIB, aJIKE BiIOMO, IO KaJIBITi€B1
CUTHAJIHM TOMMUPIOIOTHCS HE JIMIIE B IIUTO30I,
ane # y aapi [8-10]. lonn kanpuito MOXyTb
MacUBHO AU(PYHIYBATH i3 IUTOILIA3MH Y SIPO
yepes sgaepHi nopu [11]. Kpim nop y saepHiit
MeMOpaHi HasBHI crenudiyHi CHCTEMH TpaH-
cnopryBanus Ca’" — inmosuron-1,4,5-tpudoc-
¢arni[1, 12] 1 pianoguHoBi penentopu [13, 14].
TaxuM 4MHOM 10HHI KaHAJU sIAEPHOT MEMOpaHu
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€ HeBiI’eMHO0 YacTHHOI0 cuctemu Ca’’-curna-
mizanii, a BiATaK BiAirparoTh Ba)KIIHBY pPOJIb Y
(YyHKIIOHYBaHHI CEPLIEBOTO M 5133 i MOXKYTb CTaTH
MIIIICHHIO HOBUX THIIIB MEIMYHUX MIPETIapaTiB s
JMiKyBaHHSA 3aXBOPIOBAaHb cepisi. Takox cCirif
3a3HAYNTH BaXKJIUBICTh JOCITII)KeHb 10HHUX Ka-
HaJiB siiepHOi MeMOpaHu Ha pi3HUX 00’ €KTax,
aJpKe BIJIOMO, IO 1X eKCIpecis Ta, BIANOBIIHO,
xapakTep nomupenHs Ca’'-curuanis MoxXyTh
BiIPI3HATHCS 32JIEKHO BiJ] TUITY KIITUH. Panimie
MH 3alpOINOHYBaJU CTOCiO i307t0BaHHS s1ep,
MPUAATHUX IS JOCIIIKEHHS MeToaoM patch-
clamp Ta onmcany BUCOKOIIPOBI/IHI KaTIOHHI Ka-
Hanu (LCC-channels), ino3uTon-1,4,5-tpudoc-
¢daTHi peuenTopu Ta iHII I0HHI KaHAIH SACPHOT
MeMOpaHu HEHPOHIB IEHTPAIbLHOT HEPBOBOI
cuctemu [1].

Meroto 11i€i pobotu Oyno imeHTHdikyBaTH
10HHI KaHalu sAJIepHOT MeMOpaHU Kapaiomio-
LIMTIB.

METOJAUKA

JocunikeHHs: BAKOHAHO Ha Iypax JiHii Bictap
BikoM 2—3 Ttux. Ilicas amecresii 1 nexkamitaril
IIBHUJIKO 130JIFOBAIM MiOKapj, IMOMIIIamu HOTro
B MMONEPEIHLO OKMCTeHOBAaHWUN po3umH Kpebd-



loHHI CTpyMH IIOOIMHOKHX KaHANIB sIePHOT MEMOpaHH KapJiOMIiOLMTIB IIypa

ca-Xenke (NaCl-118,1; NaHCO,-25; KCl-4,7;
NaH,PO,-1,36; MgCl,~1,2; CaCl,~1; rmo-
ko3a—11,1 mmonw/n, pH 7,4), BinmMuBamu Bix
KpoBi Ta moapiOHIOBanu. [l i30IF0BaHHS SAEP
KapIiOMiOIIUTIB TKAHWHY TIEPEHOCHUIN Y PO3UHH
IS TOMOTEH13aI[ii Takoro ckjiaay (MMOJIb/J):
nykpo3a—300; KCI-60; HEPES-10; E/ITA-1
(pH 7,2), sixuit micTuB iHriOiTOPU HpoTEas’
Sigmafast Protease Inhibitor Tablets («Sigmay,
CIIA) a6o Complete protease Inhibitor cocktail
tablets («Roche», HiMmeuunna) y koHIIEHTpa-
1isIX, 3a3HAYCHUX BUPOOHUKAMU, JTUTIOTPUETOI
(1 MMoOJIB/1T) T TOMOTEHI3yBaIH Ha X001 IPO-
tarom 30—40 c y ckISHOMY TOMOTEHi3aTopi 3
Te(IIOHOBUM MOPITHEM.

OTpumanuii ToMoreHar MeHTpUuPyTyBaIn
npu 1000 g ynponosx 10 xB. CymepHaTtaHT
3IIMBaJIM, a 0CaJ pecycleHaAyBaiu B | M po3-
YUHY TaKOT'0 CAMOT0 CKJIaNy, SIK 1 JIJIs1 3alI0BHE-
HHS TineTok ta kamepu (Mmons/in): KCI-150;
HEPES-8; HEPES-xamnieBa cinp—12; EI'TA-1
(pH 7,2).

VY cepisix eKCNEpUMEHTIB JJisl BU3HAYCH-
HsI CEJIEKTHBHOCTI 10HHOTO KaHajly PO3YHUH
y HineTili 3aMiHIOBajdu Ha (MMOJIB/JI): Kajito
rnrokonat—150; HEPES-8; HEPES-kanieBa
cime—12; EI'TA-1 (pH 7,2) — npu Bu3HaueH-
Hi cenextuBHOCTI it Cl; abo Ha (MMOIB/N):
CaCl,~100; HEPES-20 (pH 7,2) — npu Bu3Ha-
ueHHi cenexkTuBHoCTi 11g Ca®*. Jlng peecrpanii
iHozuton-1,4,5-tpudochaTHux peuenTopis
no posuuny noxasanu CaCl,—0,384 mMmonb/n
([Ca2+](BiﬂbHMﬁ) = 100 mxmonn/n), ATD (0,5
MMOJB/IT) Ta iHO3UTOIN-1,4,5-Tprdocdar y KoH-
nenTpartii 3 Mkmois/n. KoHteHTpariito BUIbHOTO
Ca”" po3paxoByBaju 3a JONOMOTIOI0 HPOrPaMu
Maxchelator. Yci BUkopuUCTaHi B pO3YHMHAX pe-
areHTH ¢ipmu «Sigmay (CILA).

PeecTparniro i0HHHX CTPYMIB 37iHCHIOBAIH
Metogom patch-clamp y xoudirypinii nucleus
attached 3a momoMororw ycTaHOBKH, 310paHOi
Ha 0a3i iHBepToBaHoro Mikpockona LEICA
DM IRB, migcumroBaua Visual-Patch 500 Tta
KoM toTepa. Patch-ninmeTku BUroToBmsiiau 3 60-
POCHITIKATHUX 3ar0TOBOK («Sutter Instrumenty,
CIIA). OnpamroBadHs pe3yiabTaTiB 3MIHCHIO-

4

BaJll 3 BUKOpHCTaHHsM nporpam Clampfit Ta
Origin. Pe3ynbratu mpeacTaBieHO Yy BUMISIAL
M + m.

PE3YJBTATH TA IX OBGTOBOPEHHSI

3acTocoBytoun MeToJ patch-clamp, Hamu mia-
TBEPIIKEHO HAsABHICTH y SiepHi mMeMmOpaHi
KapaioMiomuTiB mypa ino3urton-1,4,5-tpudoc-
(daTHUX pElENnTOPiB 3 CepeAHHOI0 TPOBIIHICTIO
384 £ 5 nCwm (n = 4; puc. 1 a, 0), excrpecito
SKHAX paHillle BCTAaHOBJICHO 3 BUKOPHUCTAHHSIM
cienuivaux aHTUTiA [15]. Cnig 3a3HauuTH
TAKOX, 110 B 130/IbOBAaHUX MiOLUTaX LIIyHOY-
KiB cepis HagBHI iHO3UTON-1,4,5-Tpudocdarni
peLenTopu BUKIIOUHO Jipyroro tumy [16], B Toit
gac sIK y HelipoHax, 30KkpeMa kimituHax [lypkinbe
MO304Ka, epeBaykae nepmuii Tun [1].

Inozuron-1,4,5-rpudocdarni penenrtopu €
Ca’"-CeNeKTUBHUMHU KaHaJaMH, NPOHUKHUMHU
takox g K iBa?" [17, 18]. Mu npunyckaemo,
0 HE JINIIE KaJbIi€BI KaHAIW MOXYTh Oparu
y4acTh y MOUIMPEHHI KalbI[iEBOTO CUTHAIY.
[Ipu BuBinbHeHHI Ca’" 3 BHYTPIIHBOKIITHHHHUX
JIeTIO TIO3UTUBHO 3apsIKEeH1 YACTHHKH 3 JIIOMEHY
MepeMilalThCs Y MUTOIIa3My. 3a BiICYyTHOCTI
MPOTUJICKHO CIIPSIMOBAHOTO [TOTOKY ITO3UTUBHO
3aps/KEHUX 10HIB, MEMOpaHHUN MOTEHIial
MIBUAKO 3MICTUTBLCS 0 3HAYEHHS KaJbI[1€BOTO
PiBHOBAXXHOTO TIOTEHIiaNy i BuBinbHeHHs Ca’*
3 neno npunuHuThesa. LCC-kaHanmu, onucani
HaMH{ paHillle y sApax HEHPOHIB LEHTPAIbHOI
HEPBOBOI CHCTEMH, POOIATH MeMOpaHy IeTo
JIETKO MPOHMUKHOIO JUIs 10H1B Kaiito [1]. Moxna
MNPUITYCTUTH, IO 3MiHA MOTEHILIaly JIOMEHY,
1110 BUHUKAE NpH BuBinbHEHHI Ca’", koMneHcy-
€THCSI IPOTUIICKHO CIPSIMOBAHUM MOTOKOM K*
yepe3 LCC-kaHanu, Noiermyoyu UM caMUM
nonaneie BuBinbHenns Ca?* 3 neno. Ockinbku
3a BIIACTUBOCTSIMH SJIEpHA Ta €HJIOIIa3MaTHY-
Ha MemOpanu € nofionumu [19], LCC-xananu
MOXYTb OyTH HasiBHI il y MeMOpaHax eHA0Ia3-
MaTHYHOTO PETUKYIyMa.

Cepenl i0HHUX KaHaJlIiB, 3apPEECTPOBAHUX Y
sIIepHi MeMOpaHi KapAioMiOIIUTiB, Half9acTime
CIIOCTepirany akKTUBHICTh KaHAY 3 CEPETHBOIO

ISSN 0201-8489 @Dision. scypu., 2016, T. 62, Ne 6
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nposigHicTio 209 = 13 nCwm (n = 44). 3a npo-
BIHICTIO Ta KIHETUYHUMH XapaKTEPUCTHKAMHU
i KaHAJTW TOMiOHI 10 OMMCAaHWX HAMH paHillle
LCC-kananiB sgepHoi MmeMOpaHu HEHPOHIB
[lypkinbe, cepenHss MPOBIMHICTh SAKUX CTAHO-
Buna 198 £ 27 nCwm [1]. Boun xapaktepusy-
I0ThCSI TIOBIJIBHOIO JUHAMIiKOIO (puc. 2, a) 1 iX
AKTUBHICTh CYTTEBO 3JICKHUTH BiJ] MOTEHIIIATY.
Ha mo3uTuBHUX 3HAYEHHSX MOTEHINialy IIi Ka-
HaJId IPAKTUYHO BBECHh Yac Oyiau BiIKPUTHMH,
a Ha HEraTMBHHUX — TX aKTHUBHICTb 3HHM)KYBa-
nacs. Bonpr-ammnepna xapaktepuctuka LCC-
noiOHOTO KaHally pelcTaBlieHa Ha puc. 2, 0.

Jlns BU3HAYEHHS CEIIEKTUBHOCTI 3apee-
CTPOBAaHOTO KaHAJy MU 3aMiHUJIN CTaHIapTHHH
posunH KCI B mmineTIri Ha eKBIMOJISIPHUNA PO3INH
K-rmokonary (MMOJIb/11): Kamito rirtokoHat—150;

22—
1_

0— \ 20 A

0,1c
40 4 A
30

y=384+/-50Cm 204

0
T 1T T 19 T T T T T T 1 1
-100 -80 -60 -40 -20 4 20 40 60 80 100
-10 4

=20 4

-30 4

40 -
6

Puc. 1. Tunoa peectpanist akTUBHOCTI iHO3HTOIN-1,4,5-TpH-
(dhocdarHoro peuentopa sAepPHOI MEMOpPaHH KapiOMiOIUTIB
npu norexniani +80 MB (a) Ta #oro ycepenHeHa BOJIbT-aM-
nepHa xapakrepuctuka (0): peectpauis y CUMETPUUIHOMY
cepenosu (Mvonb/n): KCl-150; HEPES—8; HEPES-kaunieBa
cimp—12; ETTA-1; CaCl2-0,384 ([Ca2+]BiJ'ILHI/II71 =~ 100
MKMOUTB/iT); AT®-0,5; iHo3uToN-1,4,5-Tpudocdar—0,003;
pH 7,2

ISSN 0201-8489 Dision. scyph., 2016, T. 62, Ne 6

HEPES-8; HEPES-kanieBa cinp—12; EI'TA-1.
3a MUX YyMOB CIIOCTEpirald CTPyMHU BXiJTHOTO
W BUXIJIHOTO HAIpPSAMKY, IO CBIIYUTH MPO HE-
MIPOHUKHICTE 1hoTo KaHamy s Cl- (n = 10).
3a HasABHOCTI y MIMETII PO3YUHY (MMOJIB/J):
CaCl,~100; HEPES-20 xananu Bmanocs 3a-
peECTpPYBATH JIMINE 32 HEFaTUBHUX 3HAYCHB
MOTEHIIaly, IO € MiATBEPIKCHHSIM 1X HEempo-
nukHOCTi 11 Ca’* (n = 4). Kpim Toro, CaCl,
(100 MMoOIIB/7) MPU3BOAUTH A0 3MEHIICHHSA
KaJlieBOTO CTPYMY Uepe3 Ili KaHaIu, OCKITbKHU
aMITiTya X BIIKPUBaHHS 32 TAKUX YMOB Oyna
MEHIIO0, Hi 3a HasiBHOCTI y mineTi KCI uu
K-rnrokoHary (pe3ynbTaTu HE IPEICTABICHO).
[MoxiGHi maHi paHime OyaW OTpUMaHI A
LCC-kananiB sgepHoi MmeMOpaHu HEHPOHIB
neHTpanbHoi HepBoBoi cuctemu [1, 3]. Ta-
KUM YMHOM, I[IJIKOM BipOTiJHO, 10 KaHAJIH 3
npoBignicTio 209 £ 13 nCwm € LCC-kananamu.

0—

10 mA
2_

lc
a
20 qmA
y=209+/-130Cm 10+
MB
I'I'II'IO'I'I'I'I'I
-100 -80 -60 -40 - 20 40 60 80 100

Puc. 2. lonnnii crpym yepe3 LCC-noniOHuMiA KaTiOHHUH KaHaI
SIIEPHOI MEeMOpaHH KapAioMiONHUTIB 3 mpoBiaHicTIO 209 + 13
nCwM npu notenniani —80 MB (a) Ta #oro BonbT-ammepHa xa-
pakTepucTHKa (0): peecTparist y CHMETPHYHOMY CEpEIOBHIII
(Mmmomw/m): KCI1-150; HEPES-8; HEPES-kamieBa cinp—12;
ETTA-1; pH 7,2
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VY saepHiit MeMOpaHi KapliOMiOIUTIB HAMH
3apeecTpPOBAHO TAKOX KaHal 3 CEpPeIHbOIO
npoBigHicTIO 312 + 8 nC™ (n = 5). Tumnosa pe-
€cTpalriss Horo akTHUBHOCTI Ta BOJIbT-aMIlepHa
XapaKTepHUCTUKa TIpeacTaBleHl Ha puc. 3 a1 0
BiAnoBiaHO. [leii kaHal 3a KIHETUKOI Haraaye
tunosi LCC-kanamnu, ane Mae 611b11y aMIUTITYLy
1 crocTepiraeTbest 3Ha4HO pinmie (B 5 meryax 3
54). Kpim HbOTO BIIasiocs 3apeecTpyBaTH i0HHAN
kaHan 3 nposigHicTIO 340 mCwM (n = 1), sxwit
BiZIpI3HSETHCS BiJl HOTICPEIHHOTO TTOBUIHHITIOIO
KiHeTukomw (puc. 4 a, 0).

Yazawa i ciiBaBT. y 2007 p. KJIOHyBaJIH i0H-
Hi kananu aBox tumiB TRIC-A 1 TRIC-B, sxi €
CEJIEKTUBHUMH JI0 MOHOBAJEHTHHX KaTiOHIB i
CKJIAJIaf0ThCS 3 TPhoX roMmoTpuMepiB [20]. 3ro-
oM Zhou i ciiiBaBT. BUCYHYJIH TINMOTE3y ydacTi
TRIC-xaHaniB y BHYTPIIIHbOKIITUHHIA Kalb-
mieBii curHamizamii [21], moxiOHy 3a 3MicTOM
JI0 3aIpOIIOHOBAHOT HAMH paHille JJs y4yacTi
LCC-kananiB y HeliTpamizamii 3MiHH 3apsay
B JIIOMEHI KaJbI[IEBOTO €TI0 MPU BUBITbHEHHI
Ca?* 3 mporo [1].

0—
1_
\ZOHA
J
0,5¢
a
nA
-—— 6+
-120 -100 -80 -60 -40 -20
-10 4
y=312+/- 8 nCm
m -20
1
230 4
1
6 -40 - MB

Puc. 3. AKTHBHICTh 10HHOTO KaHaIly 3 poBiHicTIo 312 £+ 8
nCwm npu norenuiani —80 MB (a) Ta iforo ycepeaHneHna BoJbT-
amIiepHa XapakTepucTuka (6): peecTpauist y CHMETPHYHOMY
cepenosui (Mvonb/n): KCI-150; HEPES—8; HEPES-kaunieBa
cine—12; ETTA-1; pH 7,2

3riAHo 3 UM npunyuieHHsm kanaiau TRIC-
A Oe3nocepeHbO MOAYIIOIOTH BUBIIBHEHHS
Ca’" yepes piaHOMHOBI peLENTOPH, B TOI Uac,
sk TRIC-B peryntoroTe QyHKIIIOHYBaHHS iHO-
3uton-1,4,5-tpudocharaux perenrtopis [21].
TRIC-A excrpecyioTbcs MepeBaxHo y 30y1IH-
BHX TKaHMHAaX, 30KpeMa HepBOBiil 1 M’530Biii, a
TRIC-B igenTu¢ikoBani y OiNbIIOCTI TKAHUH
ccaBiiB. OOuBa MIATAIIM UX KaHAJIIB HasIBHI
y MeMOpaHax €HAOIJIAa3MaTU4YHOI'0 PETHKYIY-
Ma, aje BIACYTHI y Muia3MaTHYHIH MeMOpaHi
[20]. ITpu upomy npoBinnicTs kaHaxy TRIC-B
y cepenoBwuili, mo mictuio 210 mmoas/a KF,
ctaHoBUTHh 199 nCwm [22]. MoxHa BUCYHYTH
MPUIYIIEHHS, 10 3apPEECTPOBAHUN HAMHU Kari-
OHHHH KaHai 3 mpoBigHicTIO 209 + 13 CwM €
exBiBasenTHNH TRIC-kanamy tuny B, a xaman
3 mpoBigHicTioO 312 £ 8§ nCwm BifnoBigae Tumy
A. Kpim BumIeonucaHux KaHaliB, y SAEPHIH
MeMOpaHi KapiOMiOIIUTIB HAMHU 3apPEECTPOBAHO

0_
1 10 mA
1lc
a
20 4 mA
vy =340 nCwm 10
o mB
—r— 73—
-100  -80 -60 -40 -20 20 40 60

-10 4

20 4

v 230

-40 -

6
Puc. 4. Peectpautist ctpyMy uepe3 ioHHHIT KaHaJI 3 IPOBIAHICTIO
340 nCwm npu norenuiani —80 MB (a) Ta iioro BonbT-amnepHa
xapakTepucTuka (0): peectpallis y CHMETPHIHOMY CepPELOBH-
i (mmorb/n): KCl-150; HEPES—8; HEPES-kaniera cinpg—12;
EI'TA-1;pH 7,2
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(n = 12) ioHHI KaHaJW 3 BIIHOCHO HEBEIUKOIO
nposignicTio (10-90 nCwm).

OTxe, HAIMMU JOCHIDKSHHSIMH IiATBEp-
JDKEHO HasIBHCITH Y sifiepHild MeMOpaHi Kapio-
MiomuTiB iHO3HUTONA-1,4,5-TpudocdaTHUX perer-
TOpiB 3 mpoBigHicTIO 384 = 5 nCMm. Jlo TorO *K,
11IeHTU(DIKOBAHO KaTiOHHI KaHAJIH 3 IIPOBIIHICTIO
209 + 13 nCwm, noxioHi no LCC-kanamnis [1], pa-
Hillle OTIMCaHUX Y HeWpoHax. Y anepHiii MeMOpa-
Hi KapIiOMiOIIMTIB HAMH 3apEECTPOBAHO TAKOK
kaHanu 3 npoBigHicTio 312 + 8§ mCwMm, 340 nCwm
Ta AEKJIbKA TUIIIB 10HHUX KaHAJIB 3 BIJHOCHO
HeBeuKoto npoBigHicTO (10-90 nCwm), noci-
JOKeHHS 010 13MYHUX BIacTUBOCTEH 1 QyHKIIH
SKAX CTaHEe HACTYITHUM €TaroM Haloi poOoTH.

0.A. Kotyk, A.B. Kotliarova, A.O. Polishchuk,
S.M. Marchenko

SINGLE-CHANNEL ION CURRENTS
IN THE NUCLEAR ENVELOPE
OF RAT CARDIOMYOCYTES

Using the patch clamp technique in nucleus attached
configuration we have found that the nuclear membrane of rat
cardiomyocytes contains different types of ion channels with
conductances in the range from 10 to 400 pS. In particular,
we recorded inositol 1,4,5-trisphosphate receptors with
conductance of 384 + 5 pS and 209 + 13 pS cation channels
similar to LCC-channels, previously reported in neurons. In
addition, we found at least two types of ion channels with
significantly higher conductance than that of LCC-channels
and several types of ion channels with lower conductance
(10-90 pS).

Key words: ion channels; nuclear envelope; cardiomyocytes;
Ca’*-signalling; inositol 1,4,5-trisphosphate receptors.

0.0. Bogomoletz Institute of Physiology National Academy
of Sciences of Ukraine, Kyiv.

E.A. Kotbik, A.b. KotisipoBa, A.A. Ioamnmyk,
C.M. MapueHko

HMOHHBINA TOK OJJMHOYHBIX KAHAJIOB
SAAEPHOM MEMBPAHBI KAPAUOMMOIIHU-
TOB KPbICBI

C ucnonp3oBanueM Mmeroxa patch-clamp B xordurypanun
nucleus attached ycTanoBneHo, 4To siaepHast MeMOpaHa Kap-
JHOMHOIIUTOB KPBICHI COAEPKUT PA3THIHBIC THUITEI HOHHBIX
KaHaJIOB ¢ TIPOBOJMMOCTEIO B auamaszone ot 10 1o 400 mCum.
B wactHOCTH, HAMH 3aperUCTPUPOBAHO MHO3UTON-1,4,5-
TpudocdarHbie perenTopsl ¢ MpoBoauMocTio 384 + 5 Cwm,
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a Tak ke katnoHHue kaHaiael — 209 + 13 nCwm, cxomHbIe ¢
LCC-kananamu, onucanbIMu paHee B Heliponax. Kpome Toro,
MBI 3apETrHCTPUPOBAIIN IO KpaifHell Mepe ABa TUIA MOHHBIX
KaHaJIOB, IPOBOJUMOCTb KOTOPBIX CYIIECCTBEHHO OOJbILE,
yeM y LCC-kaHa/I0B U HECKOJIBKO TUIIOB HOHHBIX KaHAJIOB C
HU3K0H npoBoxuMocTbio (10-90 nCwm).

KitroueBble c0Ba: HOHHBIE KaHAJbl; siAepHas 000104Ka;
KapAMOMUOIUTHI; Ca?"-curHanusarus; HHO3UTO- 1 ,4,5-Tpu-
(bocdaTHbIC perenTOpbI.
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The role of hydrogen sulfide
in diastolic function restoration during aging

K.O. Drachuk, N.A. Dorofeyeva, V.F. Sagach

0.0. Bogomolets Institute of Physiology, National Academy of Sciences of Ukraine, Kyiv;
e-mail: 8701dk@ukr.net

The objective of the study was to examine the effect of exogenous hydrogen sulfide donor, sodium hydrosul-
fide (NaHS), on the free radical generation, cNOS uncoupling in the myocardium, and diastolic function in
old rats. To evaluate diastolic function of the heart, we used pressure-volume (PV) conductance catheter
system (Millar Instruments, USA). It was shown that H,S levels in the isolated mitochondria and whole
heart homogenates obtained from old age rats were significantly lower comparing with adult animals.
The markers of combined oxidative and nitrosative stress (the rate of O,*, “OH generation, pools of H,0,,
diene conjugates, malondialdehyde, uric acid, the activity of iNOS, nitrate reductase, and NO; pools) were
increased in the old hearts in line with cNOS uncoupling. Such changes in NOS coupling resulted in the loss of
diastolic relaxation (decrease of the rate of relaxation of the lefi ventricle (dp/dt,,, ) by 33%, 3-times increase
of the end-diastolic pressure, 1.5-time increase of the time constant of left ventricular relaxation (Tau g) and
2-time increase of the end-diastolic stiffness). It has been found that NaHS inhibits oxidative and nitrosative
stress, restores cNOS coupling and constitutive de novo synthesis of nitric oxide (NO), which promotes an

improvement of the diastolic function (increase of the dp/dt

by 20% and decrease of Tau g by 13%) .

min

Key words: aging; cNOS uncoupling; heart, hydrogen sulfide; nitrosative stress, oxidative stress.

INTRODUCTION

Progressive reduction in functional reserves of
the cardiovascular system in the elderly increas-
es the risk of diseases such as atherosclerosis,
hypertension, coronary heart disease, diabetic
angiopathy, etc. According to the literature, aged
people have abnormal diastolic relaxation which
appears before the changes in systolic function
of the heart [1, 2]. At the molecular level, most
of functional disorders of the heart tissues and
blood vessels are often related to oxidative
and nitrosative stress, which results from the
overproduction of superoxide radical (O,*") and
generation of excess nitric oxide (NO) [3, 4].
Nowadays, there has been increasing evidence
for cNOS uncoupling as the primary source of
O, in the cells [5, 6]. On the other hand, it was
shown that hydrogen sulfide (H,S) has positive
cardiovascular effect through ¢cNOS stimula-
tion [7, 8].That stimulation could be a result of
cNOS recoupling. Thus H,S can lead to cNOS

© K.O. Drachuk, N.A. Dorofeyeva, V.F. Sagach
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coupling and improve the functional state of the
cardiovascular system with aging.

H,S, like NO and CO, belongs to the family
of gastransmitters, possesses a powerful cardio-
and vasoprotective properties, particularly during
ischemia-reperfusion injury, atherosclerosis, and
hypertension. This effect is due to antioxidant,
anti-inflammatory properties of the gas, as well
as its ability to regulate the constitutive de novo
synthesis of NO [7-10].

The aim of the study was to investigate the
effect of NaHS as exogenous H,S donor on the
heart redox status, cNOS coupling and diastolic
function in old rats.

METHODS

The study was conducted on male Wistar rats
weighing 280-350 g, which were divided into
two groups each of eight animals: adult (6-8
months old) and old (22-24 months old). All ex-
perimental procedures were performed in accor-
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dance with the European Communities Council
Directive of 24 November 1986 (86/609 / EEC).

Measurement of cardiac function in vivo. The rats
were anesthetized using urethane (1.25 g/ kg, i.
p.). The left ventricle (LV) pressure and volume
during the cardiac cycle were determined using
ultra-miniature pressure transducer catheter 2F
for rats («Millar Instruments», USA). Catheter
was introduced in the LV retrogradely through
the carotid artery, which enabled simultaneous
recording of pressure and volume signals with
their curves visualization during the cardiac
cycle [11]. Left ventricular pressure-volume
ratio was determined using PVAV 3.6 program
(«Millar Instruments», USA). LV diastolic
function was assessed according to the changes
in the rate of relaxation (dP / dt . ), the time
constant of active ventricular relaxation (Tau g),
end-diastolic pressure (EDP), and end-diastolic
stiffness (EDS). We used an exogenous hydro-
gen sulfide donor, sodium hydrosulfide (NaHS,
“Sigma”, USA), which was injected intraperi-
toneally in the concentration of 56.06 mg/kg.
This dose allowed us to achieve the plasma
NaHS concentration of 1073 mol/l, which was
consistent with that used in research performed
on aortic SM [12].

Measurement of endogenous H,S pools and
biochemical markers of the oxidative and
nitrosative stress and constitutive NO synthesis.
In the mitochondria and homogenates of the
heart, we determined the markers of oxidative
stress such as the rate of superoxide (O,*7) [13],
and hydroxyl ("OH) generation [14], pools of
hydrogen peroxide (H,0,) [15], eicosanoids
thromboxane B2 (TxB2) and leukotriene C4
(LTC4) [16], arachidonic and uric acids, as well
as the markers of lipid peroxidation (LPO),
namely diene conjugates (DC) [17] and malonic
dialdehyde (MDA) [18] We also determined
nitrosative stress- and constitutive NO synthesis
markers and such as inducible-NO synthase-
(INOS) [19, 20] and constitutive NO-synthase
(cNOS) activity, pools of nitrate anion (NO;")
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(marker of peroxynitrite production) [21, 22]
and pools of nitrite anion (NO,") [22]. H2S pools
were determined by method [23].

For determine iNOS and cNOS activity, we
calculated total activity of NO-synthase using
a combination of a classic method [19] and its
modification [20], adapted to spectrophotomet-
ric measurement of the reaction product - L-
citrulline. For incubation of aliquot samples, we
used a substrate mixture (1 ml) of the following
composition (mmol / ml): KH,PO, (analytically
pure) - 50, MgCl, (analytically pure) - 1, CaCl,
(analytically pure) - 2, NADPH (“Sigma”, USA)
-1, L-arginine (analytically pure) -2, pH 7.0 for
60 min at 37°C. The reaction was stopped by
adding 0.3 ml 2 N HCIO, (analytically pure).
After determining the total activity of NO-
synthase, we determined the activity of induc-
ible NO-synthase using the method similar to
the previous one with some differences: in the
incubation mixture, we added 2 mmol EDTA
instead of CaCl,. Then we calculated the activ-
ity of cNOS (eNOS + nNOS), subtracting the
activity of iNOS from the total NOS activity.
The level of nitrosative stress was based on ex-
cessive de novo NO synthesis through calcium-
independent activity of inducible NO-synthase
(iINOS), salvage synthesis of NO through the
activity of nitrate reductase.

The measurement of ¢cNOS coupling index.
An activity of ¢cNOS-dependent way of O,
formation was assessed from the changes in the
index of cNOS coupling, and it was calculated
as ¢cNOS activity related to the rate of O,
generation [5, 12, 16].

Mitochondrial fraction was obtained from
the rat heart by the method of differential cen-
trifugation [24]. The protein content in mito-
chondrial suspensions was determined by the
Lowry method [25].

In addition to steady-state pools, we deter-
mined NaHS -induced changes in these indices
in in vivo experiments on old rats. NaHS was
injected intraperitoneally in the concentration of
56.06 mg/kg (30 min before decapitation). The
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results are presented as percentage relative to the
values of adult animals that are taken for 100%.

Data are expressed as means £SE. Results
were processed by methods of variation statis-
tics using programs Excel (MS Office XP) and
Origin 8.5 (Microcall Inc., USA). Differences
between the groups were assessed by ANOVA
and T-test. The value of P <0.05 was considered
statistically significant.

RESULTS AND DISCUSSION

Left ventricular diastolic function was assessed
by analysis of PV-loops obtained from the
catheter inserted in the hearts of old and adult
rats. We have shown a significant decrease of
the rate of relaxation, dp/dt_, (-5.466 mm Hg/
sec =391 mm Hg/sec in old hearts compared to
-8.131 mm Hg/ sec + 308 mm Hg/sec in the adult
group). The time constant of LV relaxation, Tau
g in old rats was 1.5 times higher than in the
control group (15.8 + 0.49 ms in old rats versus
11.0 £ 0.2 ms in adult rats). In addition, in the
old rats, end-diastolic pressure, EDP was three
times higher than in adult rats (10.6 = 0.7 mm
Hg compared to 3.45 + 0.37 mm Hg). We also
found that end-diastolic stiffness, EDS in old
rats was 2 times higher than in control group
(0.23 £ 0.05 mm Hg/pL and 0.108 = 0.03 mm
Hg/uL, respectively.

Thus, reduction in the rate of LV relaxation
together with an increase of the time constant

adults old old+NaHS
-1 A
w2
2 39
E 4]
£ 4
g ] .
8 -7 1
T #,%
8 1 T
-9x10™
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of left ventricular relaxation, end-diastolic pres-
sure and end-diastolic stiffness reflect LV dia-
stolic dysfunction and abnormal heart relaxation
in old rats. Diastolic relaxation is often related
to the disrupted energy-dependent Ca’* transport
to the sarcoplasmic reticulum and extracellular
environment [26]. Reduction of ATP synthesis
could be a sequence to the age-associated mito-
chondrial dysfunction, which develops through
oxidative stress [27].

We have found that the injection of NaHS
improves ventricular relaxation in old rats.
For example, dP/dt_, significantly increased
by 20% (P<0.05), and the Tau g decreased by
13% (P<0.05) (Fig. 1). To establish the pos-
sible mechanisms of NaHS-induced effects
on cardiohemodynamics in old rats, a series of
biochemical experiments was conducted.

As shown in Table 1 and Fig. 2, the rates
of O,*"generation in the mitochondria and ho-
mogenate of the heart from old rats exceed the
control values 3.9 and 3.7 times, respectively.
Dismutation of unstable O,*"to stable hydrogen
peroxide (H,0,) was 2.1 and 1.4 times greater,
compared to the control values. Hydrogen per-
oxide in turn may be partially reduced to highly
reactive hydroxyl radical ("OH) via Fenton reac-
tion. In our experiments, the level of *OH was
elevated in the mitochondria and homogenate of
the heart from old rats 2.7 and 4.1 times, respec-
tively, which could result from the violation of
alternative, non-toxic peroxide metabolism. The

124

Tau g (ms)

adults old
b

old+NaHS

Fig. 1. The effect of NaHS on the rate of left ventricular (LV) relaxation ( dP / dt_, ) (a) and the time constant of LV relaxation
(Tau g) (b) in old rats. * P <0.05 relative to adult animals; # P <0.05 relative to old animals, which were not treated with NaHS
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latter involves catalase activity which decreases
with aging [28]. It is known that *OH can initiate
LPO, primary and secondary products of which
are DC and MDA, respectively. It has been re-
vealed that DC levels in the mitochondria and
homogenate of the heart from old rats were 9.2
and 8.4 times over the control values, and MDA
pools increased 2.7 and 7.3 times, testifying to
high intensity of LPO in old animals. Apart from
the rate of generation and content of oxygen free
radicals, and LPO intensity, we also examined an
intensity of some basic ways of O,*production
(oxidative stress trigger). It is known that degra-
dation products of purine nucleotides, xanthine
and hypoxanthine, are oxidized to O, and uric
acid by xanthine oxidase [29, 30]. Since xan-

thine oxidase is a superoxide-producing enzyme
which activity increases in hypoxia, it may
serve as a marker of xanthine oxidase way of
O, production, and, simultaneously, a marker
of hypoxia and intensity of ATP degradation.
According to the results obtained, the levels
of uric acid in old animals exceed the control
values 11.9 and 2.6 times. It is also known that
free radicals, formed by xanthine oxidase and
NADPH oxidase, activate phospholipase A2
by increasing the concentration of intracellular
Ca?", which ensures the release of arachidonic
acid from phospholipids of the cell membrane
[31-33].In the heart homogenates from old rats,
pools of free arachidonic acid increased 2.2
times. Free arachidonic acidis converted to TxB2

Table 1. The absolute values of oxidative stress markers in the mitochondria (MCH) and homogenate of the heart from
adults, old and old after NaHS administration rats(M+m, n=5)

Adults Old Old + NaHS

0,*" generation rate, MCH 4.46+0.41 17.54+4.44% 2.6+0.34%
standart units Homogenate 3.49+0.59 12.98+2.02* 1.7340.23%*
H,0,- contents, pmol/ mg MCH 12.2+1.6 25.71£3.41%* 6.26+0.51%*
protein Homogenate 2.79+0.35 3.96+0.36 1.15+0.19%*
"OH generation rate, MCH 4.240.35 11.34+1.97* 6.57+0.85%
standart units Homogenate 0.87+0.09 3.5440.52* 0.83+0.04%
Diene conjugates, ng/mg MCH 3.6+0.23 32.98+£2.5% 7.18+1.29%*
protein Homogenate 3.4+0.47 28.52+2.28* 6.82+0.71%*

Malonic dialdehyde, nmol/mg ~ MCH 2.06+0.38 5.61+0.48* 1.3+0.16
protein Homogenate 3.75+0.43 27.23+1.86* 7.4%£1.01%%*
Arachidonic acid, pmol/ mg MCH 20.6+3.8 7.03+1.15% 21.9+2.49%
protein Homogenate 5.43+0.58 11.85+1.55*% 1.62+0.09%*
Thromboxane B2, pmol/ mg MCH 2.37£0.16 2.62+0.33 0.41+0.02%*

protein Homogenate 2.25£0.2 2.4+0.46 0.6:£0.02"
Leukotriene C4, pmol/ mg MCH 1.26+0.12 1.35+0.15 0.3+0.05%*
protein Homogenate 0.9+0.02 0.98+0.16 0.29+0.02%
MCH 1.19+0.26 14.18+1.27* 4.05+£0.47%*

Uric acid, nmol/mg protein

Homogenate 1.98+0.38 5.12+0.5* 1.57+0.27%

* P <0.05 relative to adult animals (100%). # P <0.05 relative to old rats, which were not treated with NaHS.
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Fig. 2. The relative values of oxidative stress markers in the mitochondria (a) and homogenate (b) of the heart from old rats before
and after NaHS injection: O, generation rate, the contents of H,O,, the rate of "OH generating, the content of diene conjugates
(DC), the content of malondialdehyde (MDA), the content of arachidonic acid (AC), the content of thromboxane B2 (TxB2),
the content of leukotriene C4 (LTC4) and uric acid (UA). * P <0.05 relative to adult animals (100%). # P <0.05 relative to old

rats, which were not treated with NaHS

and LTC4, by cyclooxygenase and lipoxygenase,
respectively, with simultaneous O,* generation.
In our experiments, the levels of TxB2 and LTC4
did not differ from the control values either in
the mitochondria or in homogenate of the heart
from old animals.

Thus, in the heart tissues of old rats, xan-
thine- and NADPH- oxidase pathways of O,
generation are activated, and ROS generation
(O,*, H,0,, "OH) is enhanced, resulting in the
development of oxidative stress and LPO.

Table 2 and Fig. 3 show that in old rats,
disruption of constitutive de novo NO syntheses
develop simultaneously with oxidative stress.
Nitric oxide, synthesized by cNOS (eNOS +
nNOS) through the oxidation of L-arginine as
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the substrate, is a powerful cardiovascular regu-
lator. At that, both the gas itself and its oxidized
form, NO,", are involved in the cardiovascular
regulation [34]. However, it should be noted
that in some cases cNOS may act as a catalyst
for O, generation instead of NO, due to cNOS
uncoupling. The latter is observed at lowering
of L-arginine bioavailability, in particular, due
to enhancing of either arginase activity or a
c¢NOS cofactor, BH4, as a result of its oxidation
by radicals O,*> or ONOO[35]. It has been re-
vealed that in the mitochondria and homogenate
of the heart from old animals, cNOS activity
decreases 2.1 and 2 times, respectively, relative
to controls; NO,” pools as a marker of both
constitutive synthesis of NO and oxygenation
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Table 2. The absolute values of nitrosativestress-, constitutive synthesis of NO markers and H,S levels in the mitochon-

dria (MCH) and homogenate of the heart from adults, old and old after NaHS administration rats(M+m, n=5)

Adults Old Old + NaHS
cNOS, MCH 3.64+0.27 1.71£0.12% 12.53+2.81%%
pmol/min/ mg protein Homogenate 6.99+1.11 3.37+0.45% 8.56+1.32%
iNOS, MCH 1.5£0.06 3.66+0.62* 1.39+0.25
pmol/min/ mg protein Homogenate 1.78+0.26 15.88+1.18%* 3.84+0.68%*
Nitrate- nitrite reductase, MCH 0.86+0.05 2.77+0.45% 0.51£0.03%
pmol/min/ mg protein Homogenate  0.49+0.05 2.42+0.32% 0.63£0.04%*
Arginase, MCH 2.11£0.17 8.78+1.05%* 2.23+0.36%*
pmol/min/ mg protein Homogenate 1.07+0.1 4.23+0.31% 0.54+0.05"*
NO,;, MCH 488.2+60.3 159.33+30.68* 655.6+97.13%
pmol/ mg protein Homogenate  354.4422.6 214.88+30.6 825.57+68.61%*
NO;, MCH 76.3+4.1 83.41+11.72 17.81.09%*
nmol/mg protein Homogenate  11.72+0.64 75.45+8.28* 16.78+2.9%
LMWNT, MCH 735.24+84.9 375.66+26.03* 1305.51£144.17%%*
pmol/ mg protein Homogenate  178.52+16.36 67.84+7.12% 128.12+9.46%*
¢NOS coupling index, MCH 0.8+0.08 0.1£0.02%* 4.85+0.99%%
standart units Homogenate  1.94+0.43 0.26+0.05* 4.94:0.34%%
H,S, MCH 4.58+0.3 2.38+0.45% 9.69+1.53%*
nmol/mg protein Homogenate ~ 22.97+2.13 12.1+1.47* 39.49+2.05%

* P <0.05 relative to adult animals (100%). # P <0.05 relative to old rats, which were not treated with NaHS.

are reduced 3.1 and 1.6 times; arginase activity
increases 4.2 and 4 times, and ¢cNOS coupling
index is reduced 8 and 7.5 times (see Fig. 3, 4).
Thus, during oxidative stress, not only constitutive
de novo synthesis of NO is reduced, but also cNOS
uncoupling develops, leading to enhanced O,* pro-
duction, and hence deepening of oxidative stress.

Apart from the well-known role of ni-
tric oxide as a physiological regulator in the
cardiovascular system, excessive simultane-
ous NO- and oxidant production may cause
nitrosative stress. At present, some ways of
excessive NO production have been identi-
fied: through increased iNOS activity, due to
salvage of NO metabolites (NO; and NO,") by
relevant reductases, or decomposition of low-
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molecular weight nitrosothiols (LMWN). In
our studies, iNOS activity increased 2.4 and 8.9
times, the total reductase activity increased 3.2
and 4.9 times, but the levels of LMWNs were
reduced 2 and 2.6 times (see Fig. 3). Excess
NO when interacting with “O, promotes genera-
tion of a toxic compound, ONOO", possessing
the wide range of damaging actions — from
LPO, inactivation of enzymes and ion channels
to inhibition of mitochondrial respiration.
Peroxynitrite decomposes to form NO;7[36, 37].
The pools of the latter in the heart homogenate of
old animals exceeded the control value 6.4 times.

Thus, oxidative stress in old animals results
in ¢cNOS uncoupling, a decrease in constitutive
NO synthesis, enhanced generation of O, and
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and homogenate of the heart from old rats
should be separately noted, as the latter serves
as a regulator of NO synthesis and powerful
cardio- and vasoprotector [7-10]. The injection
of exogenic hydrogen sulfide donor, NaHS,
significantly increased the amount of H,S both
in the mitochondria and homogenate of the heart
from old animals, which was accompanied by
a significant inhibition of both oxidative and
nitrosative stress. Oxidative stress (see Fig. 2)
was diminished due to the inhibition of all the
studied ways of O, generation, and nitrosative
stress (see Fig. 3) was inhibited by reducing the
excessive generation of NO and its highly toxic
derivative peroxynitrite. At the same time, the
recovery of cNOS coupling (see Fig. 4) and
increased constitutive de novo synthesis of
NO were observed. Restoration of redox status
quickly led to an improvement in diastolic func-
tion of the heart in old animals.

CONCLUSIONS

1. In the heart of old rats, we observed both
oxidative and nitrosative stress, cNOS uncoup-
ling and reduced constitutive de novo synthesis
of nitric oxide. These changes are accompanied
by a decrease of H,S pools.

2. The diastolic function of the heart in old rats
was impaired (decreased rate of relaxation, increased
time constant of left ventricular relaxation, end-
diastolic pressure and end-diastolic stiffness).

3. Sodium hydrosulfide (NaHS) suppresses
oxidative and nitrosative stress, restores NO
coupling and enhances constitutive de novo
synthesis of nitric oxide.

4. Administration of NaHS improves left
ventricular relaxation in old rats.

K.O. Apauyk, H.O. JlopodeeBa, B.®. Carau

POJIbL CIPKOBOJHIO Y BIJHOBJIEHHI
JIACTOJIYHOI ®YHKIIT CEPIIS MIJ{ YAC
CTAPIHHS

BuBuanu BrumB noHopa cipkoBonHio NaHS Ha BinsHOpaam-
KaJIbHUH CTaH CepIisd, Ha CTaH CNPSIKEHHS KOHCTUTYTHBHHX
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NO-cunra3 (cNOS) Ta moka3Huky iactoniasol QyHKIT ceprs
y crapux HypiB. BcTaHOBHIM PO3BHTOK OKCHIATHBHOTO i
HITPO3aTHBHOIO CTPECy B MITOXOH/PIsIX 1 FOMOTEHATI Ceplsl.
Hacuiaxom 1poro € HecnipsbkeHHs (uncoupling) crany cNOS
i 3HIKEeHHs KoHCTUTYTHBHOTO cuHTe3y NO. B pesynbrari, y
CTapux LIypiB MOpyILIyBaiacs AiacToyiiyHa (GyHKIIsS cepls
(3mentIeHHst Ha 33% MaKCUMANbHOI HIBUIKOCTI 3HIKCHHS
tucky (dp/dt . ), 30ibIIeHHs B 1,5 paza KOHCTaHTH aKTHB-
Horo po3ciabienus (Tau g), KiHIEBO-AiaCTONIYHOIO THUCKY
(B 3 pas3u) Ta KiHIEBO-1iaCTOJIIYHOT )KOPCTKOCTI (B 2 pa3n)).
BcranosieHo, 1o NaHS cyTTeBo npurHiuyBaB OKCHAATUBHHUN
i HITPO3aTUBHUI CTpPEC, BIAHOBIIOBAB cripshkeHui ctan ctNOS
Ta 301b11yBaB KOHCTUTYTHBHUI cuHTe3 NO. Ie nokpanrysa-
JI0 IacTOJIYHy (YHKLIIO Ceplsl y CTapHuX IIypiB BHACIIIOK
3poctanns dp/dt ;i 3meHmenns Tau g.

KitrouoBi cioBa: crapiHHS; cepiie; OKCHIATHBHUN CTpe;,
HiTpo3aTuBHUI cTpec; HecnipshkeHHs: cNOS; cipkOBOICHb.

K.O. Apauyk, H.A. lopodeena, B.®. Carau

POJIb CEPOBOJOPOJIA B BOCCTAHOBJIE-
HUU JUACTOJMYECKO ®YHKIIUU
CEPIIIA IPU CTAPEHUH

W3zyuanu BnusiHue noHopa cepoBogopona NaHS Ha cBoGoz-
HOPAJIMKAJIbHOE COCTOSIHUE Cep/ilia, CONPSDKEHUE KOHCTUTY-
TuBHBIX NO-cuHTta3 (cNOS) 1 nokasaresiu AUacTOIMYeCKOH
GyHKIMU cepalia. YCTaHOBJIEHO Pa3BUTHE OKCHUAATHBHOTO
W HUTPO3aTUBHOI'O CTPECCAa B MUTOXOHAPUAX U I'OMOI€HATE
cepiua crapbix Kpbic. CIIeICTBHEM 9TOr0 €CTh HECONPSUKSHHE
(uncoupling) cNOS u cHWKEHHE KOHCTUTYTHBHOTO CHHTE3a
NO. B Pesynbrare, y crapux KpbiC pa3BHUBaJIaCh JHACTOJIN-
yeckast auchyHkuus (cHmwkenue Ha 33% MakCHMaIbHON
CKOPOCTH MajieHus Aasnenus (dp/dt , ), ypenuuenue B 1,5 pasa
KOHCTaHTbI akTUBHOTO pacciiadnenus (Tau g) koHeuHo-a1acTo-
JINYECKOTO JIaBiieHus (B 3 pa3a) U KOHEUHO-IHACTOJINYECKOM
xKecTKocTH (B 2 pasa)). Beenenue NaHS cymiectBeHHO yrHe-
TaJO OKCUJATUBHBIM U HUTPO3AaTHBHBINA CTpecc, BOCCTaHAB-
nuBaio conpsbkenue ctNOS 1 yBeJIMYMBAIO KOHCTUTY THBHIM
cunTte3 NO. D10 cnocoO6CcTBOBANO YIYUIICHUIO AUACTOINYe-
ckoif GyHKIMU B pe3yibTare yBennueHus Ha 20% dp/dt
ymeHbIneHus Ha 13% Tau g.

KitroueBble ciioBa: cTrapeHue; Cep/ie; OKCHIaTHBHbII cTpecc;
HUTPO3ATUBHBIN cTpecc; Heconpshkenne NO; cepoBoIopo/.
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Modulation of the hippocampal propensity to non-
synaptic epileptiform synchronization in low-calcium
model of epilepsy
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The CA3 and CAl regions are the main stages of the “three-synaptic pathway”’, which plays a role in
the generation of hyper-synchronous events in the hippocampus. Under certain experimental conditions,
this brain structure might support pathological epileptiform synchronization that is independent of active
chemical synaptic transmission. In present work, we estimated the conditions that would facilitate non-
synaptic synchronization of the hippocampus. Non-synaptic epileptiform activity was induced in hippocampal
slices by the omission calcium ions from the extracellular milieu. The propensity of hippocampal regions
to nonsynaptic interactions was estimated by measuring the delay time needed for the development of low-
Ca®* discharges in the CA3 and CAl. Next, an increase of neuronal excitability was induced by the pre-
incubation of hippocampal slices in 4-aminopyridine (4-AP) and by the reduction of extracellular osmolarity.
Pre-incubation of hippocampal slices with 4-AP under normal osmotic conditions resulted in decreased
latency for non-synaptic discharges in the CA3, but not in the CA1. However, hypo-osmotic conditions
caused increased excitability of the CA3 region, which resulted in decreased delay time for nonsynaptic
discharges and this level of cellular excitability was not further enhanced by the pre-incubation with 4-AP.
Key words: low-Ca’* seizure-like activity; 4-aminopyridine; hypo-osmolarity; hippocampus.

INTRODUCTION

Temporal lobe epilepsy (TLE) is the most com-
mon type of partial epilepsy that is characterized
by the recurrent seizures generated in temporal
lobe structures, such as hippocampus, amygdala,
and parahippocampal gyrus [1]. Furthermore,
the hippocampus is considered one of the primer
seats of seizure generation in the temporal lobe
and hippocampal sclerosis is among the most
common causes of TLE [2]. Since the mid of the
last century, unilateral excision of the hippocam-
pal formation is known to terminate seizures in
humans [3]. However, the dramatic effect of hip-
pocampal removal on memory functioning makes
temporal lobectomy the least-choice procedure for
seizure termination, and the lack of therapeutic
methods for epilepsy treatment remains to be one
the problems in modern neuroscience.

© O.S. Zapukhliak, O.V. Netsyk, O.S. Rasulova, D.S. Isaev
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The question of how the process of seizure
generation can be interrupted or prevented is
one of the intensively studied. During the last
several decades a multitude of in vitro and in
vivo experimental models of hippocampal sei-
zures has been developed, but still, the precise
identification of functional deficits that underlie
seizure generation and spread, remains to be
illusive [4]. One of the modern experimental
approaches in epilepsy research is to study the
molecular conditions that arise in the nerve tis-
sue during seizures and to model these condi-
tions in vitro in order to manipulate them with
various pharmacological agents [5].

In the 1980s it was demonstrated that low-
ering extracellular calcium (to the levels that
block Ca’"-dependent neurotransmitter release)
induces seizure-like activity in the hippocampus
in vitro [6]. Similar discharges were later evoked
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with Ca?*-chelating agents in vivo [7]. Addition-
ally, the observation that during seizures local
calcium levels may drop to as low as 0.2 mmol/l,
which is sufficient to block chemical synaptic
transmission, indicates that low-Ca®* (zero-Ca®")
model of epileptic discharges represents a relevant
tool for studying molecular and electric processes
that occur in the brain during seizures [8].

The CA3 and CA1 regions are the main
stages of the “three-synaptic pathway” of the
hippocampus, which might play a role in the
generation of hyper-synchronous events in this
brain structure [9]. Hippocampal region CAl,
due to its tight and laminar cellular organization
and decreased extracellular volume fraction,
can support local neuronal synchronization and
give a way to synaptically free propagation of
epileptiform events under low-Ca®" conditions
[8]. The region CA3 of the hippocampus has more
recurrent synaptic connections than CA1 and is
known to facilitate synchronized “inter-ictal”
discharges due to CA3 pacemaker activity [10].
However, under non-synaptic conditions of low-
Ca®" milieu CA3 zone is reported to be less prone
to seizure-like discharges than CA1 [6]. Thus, in
present work, we aimed to estimate conditions
that would facilitate synchronization of the CA3
neuronal net through non-synaptic interactions.
We estimated the propensity of hippocampal
regions to nonsynaptic interactions by measuring
the delay time needed for the development of low-
Ca®" discharges in the CA3 and CAl. Next, we
studied the effect of “epileptic experience” induced
by pre-incubation of brain slices in potassium
channel blocker 4-aminopyridine, on the delay
time of low-Ca?*-induced discharges. To evaluate
how facilitation of non-synaptic interactions may
affect hippocampal synchronization, we also
studied the impact of decreased osmotic pressure
of extracellular aCSF on hippocampal propensity
to develop non-synaptic bursting.

METHODS

All experimental procedures were performed
on Wistar rats according to the guidelines set
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by the National Institutes of Health for the hu-
mane treatment of animals and approved by the
Animal Care Committee of Bogomoletz Institute
of Physiology of National Academy of Science
of Ukraine.

Hippocampal slice preparation. Postnatal day
12-14 rats were deeply anesthetized using
sevoflurane and decapitated. Transverse brain
slices were prepared according to the technique
described previously [11]. Briefly, brains were
removed and placed in the ice-cold aCSF of the
following composition, (in mmol/l): NaCl - 125,
KCI - 3.5, CaCl, - 2, MgCl, - 1.3, NaH,PO, -
1.25, NaHCO, - 24 and glucose - 11; pH of the
aCSF was adjusted to 7.3-7.35. The cerebellum
and the frontal lobe were removed, and 500 pm
thick slices were cut using Vibroslice NVSL
(World Precision Instruments, Sarasota, FL).
Slices were allowed to equilibrate at the room
temperature and under constantly oxygenated
aCSF for at least 1.5 - 2 hours before the ex-
periment.

Extracellular recordings and data acquisition.
For extracellular recordings slices were trans-
ferred to a submerged recording chamber and
perfused with oxygenated aCSF (25-27°C) at
a rate of 2-3 ml/min. Temperature control was
performed with the Dual Temperature Controller
(TC-144, Warner Instruments). Field potentials
were obtained from the CA3 and CA1 pyramidal
cell layer with extracellular glass microelec-
trodes (2-3 MQ) filled with normal aCSF. Sig-
nals were amplified using a differential amplifier
(A-M Systems, Carlsborg, WA), digitized at
10 kHz using analog-to-digital converter (NI
PCI-6221; National Instruments, Austin, TX);
online analysis was performed using the Win-
WCP program (Strathclyde Electrophysiology
Software, University of Strathclyde, Glasgow,
UK). Offline analysis was performed using
Clampfit (Axon Instruments) and Origin 8.0
(OriginLab, Northampton, MA). Two-sample
t-test, was used for statistical analysis. Data is
presented as mean + SE.
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Induction of epileptiform discharges by low-
Ca’* aCSF and pre-incubation in 4-amino-
pyridine containing aCSF. In the first set of ex-
periments, non-synaptic epileptiform discharges
were induced by perfusion hippocampal slices (n
= 9) with “normal osmolarity” low-Ca?" aCSF
of the following composition, (in mmol/l): NaCl
- 125, KCI - 5, MgCl, - 1, NaH,PO, — 1.25,
NaHCO, - 24, D-glucose - 11; pH = 7.35-7.4.
In the experiments with pre-incubation of slices
with 4-aminopyridine (4-AP), prior to switching
to low-Ca®* aCSF, hippocampal slices (n = 9)
were perfused with “4-AP aCSF” of the follow-
ing composition, (in mmol/l): 125 NaCl - 125,
KCl -5, CaCl, - 2, MgCl, - 1, NaH,PO, - 1.25,
NaHCO, - 24, D-glucose - 11, 4-AP - 100uM.
Following 20 min of 4-AP pre-incubation, per-
fusion solution was switched to the aCSF with
omitted Ca®" ions (“low-Ca®" + 4-AP aCSF”) to
induce non-synaptic epileptiform activity.

Induction of epileptiform discharges in hypo-
osmotic aCSF. In next set of experiments (n =
30), non-synaptic epileptiform discharges were
induced under hypo-osmotic conditions using
“hypo-osmotic low-Ca*" aCSF” of the follow-
ing composition (in mmol/l): NaCl - 115, KCl
- 5, MgCl, - 1, NaH,PO, - 1.25, NaHCO;, - 24,
D-glucose - 11. Similarly, pre-incubation with
4-AP was performed in “hypo-osmotic 4-AP
aCSF” (n = 10), of the following composition,
(in mmol/l): NaCl - 115, KCI - 5, CaCl, - 2
MgCl, - 1, NaH,PO, — 1.25, NaHCO, - 24, D-
glucose - 11, 4-AP - 100uM. Following 20 min
of 4-AP pre-incubation, perfusion was switched
to hypo-osmotic aCSF with omitted Ca?" ions
(“hypo-osmotic low-Ca>" + 4-AP aCSF”) to
induce non-synaptic epileptiform activity. A
total of 58 hippocampal slices were used in
this study. All chemicals were purchased from
«Sigma» (USA).

RESULTS AND DISCUSSION

Perfusion hippocampal slices with low-Ca?"
aCSF is known to block active chemical
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synaptic transmission and induce non-synaptic
epileptiform discharges in rat hippocampal
slices [12]. Low-Ca?*-induced epileptiform
discharges represent synchronized action
potentials of thousands of pyramidal cells, which
can be recorded extracellularly in the CA3 and
CA1 regions as continuously firing population
spikes (Figure, a), [13,14]. Unlike the most in
vitro models of epilepsy (low-Mg?*, bicuculline,
and 4-AP), in low-Ca®" aCSF epileptiform
discharges are not synchronized between the
CA3 and CA1 zones due to the absence of active
chemical synaptic transmission [6,15,16,17].
Therefore, low-Ca®" milieu induces “local”
hippocampal synchronization, which originates
mostly in the CA1 region. The hippocampal
propensity to non-synaptic synchronization
depends on several factors among which are:
i) laminar organization of neuronal structure;
i) resistivity and composition of extracellular
medium; ii7) excitability of neuronal membranes
and number of electrical contacts between them
[6,8].

In the first part of present work, we compared
the delay time for low-Ca”" epileptiform activity
in “control” hippocampal slices with the delay
time in hippocampal slices exposed to 4-AP pre-
incubation. These experiments were performed
under normal osmotic conditions (NaCl - 125
mmol/l). The delay time was measured as latent
period in minutes from the start of perfusion
slices with low-Ca?* aCSF until the occurrence
of non-synaptic epileptiform activity in the CA3
and CA1. Perfusion hippocampal slices with
low-Ca?" aCSF induced non-synaptic bursting
with the latency of 22.9+2.54 min in CA3 and
13.54£1.82 min in CAl (n ;= 5, 0 4, =
8, P = 0.01, Figure, a-c). This observation is
consistent with previous results that CA1 region
is more prone to low-Ca*" epileptiform activity
than CA3, possibly due to more tight cellular
organization in CA1 compared to CA3 [8].
Pre-incubation with 4-AP resulted in decreased
latency time of low-Ca®* discharges in CA3
but not in CA1: the delay time for non-synaptic
discharges in 4-AP pre-incubated slices was
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13.12+2.34 min in CA3 and 13.89+3.70 min
in CAl (n ,;=8,n ,, =8, P=0.86, Figure,
¢). Thus, under normal osmotic conditions
(NaCl - 125 mmol/l), compared to the control,
pre-incubation with 4-AP resulted in decreased
latency of low-Ca®" discharges in the CA3, but
not in the CA1 zone.

Decrease in extracellular osmolarity is
known to promote non-synaptic interactions
between the cells [8]. Shrinkage of extracellular
space due the cell swelling under hypo-osmotic
conditions results in the increased proximity of
cellular membranes. The latter enables currents
produced on the one membrane to affect the

Low-Ca” aCSF

4-AP aCSF

ImV
300s

Low-Ca’ +4-AP aCSF

normal osmolarity

i I 1 tact hippocampal slices
mm
w®

CA3 CAl
C

[___ISlices pre-incubated with 4-AP

2mV
300s

hypo-osmolarity

- Intact hippocampal slices

min |:| Slices pre-incubated with 4-AP

CA3 CAl
d

Non-synaptic epileptiform discharges induced by perfusion hippocampal slices with low-Ca®" aCSF. a — extracellular recording
obtained from CA3 region in low-Ca>" aCSF of normal osmolarity (Na 125 mmol/l). b — extracellular recording of epileptiform
activity obtained from CA3 region, slice was pre-incubated with 4-AP, 100 uM, perfusion solution was then switched to the
low-Ca®" aCSF, which resulted in appearance of non-synaptic epileptiform discharges. ¢— delay time (min) for low-Ca>" non-
synaptic epileptiform discharges under normal osmotic conditions (NaCl — 125 mmol/l): pre-incubation of slices with 4-AP
significantly decreased the delay time for low-Ca?" epileptiform activity in CA3 (P=0.019), but notin CA1 (P =0.93). d — under
hypo-osmotic conditions (NaCl - 115 mmol/l), pre-incubation of hippocampal slices with 4-AP had no significant effect on delay
time of low-Ca”" epileptiform discharges both in CA3 (P = 0.84) and CA1 (P=0.17)
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membrane potential of the opposing membrane
and to reduce action potential threshold of
it. Therefore, we also studied the impact of
4-AP pre-incubation on the latency of low-Ca®*
epileptiform discharges under hypo-osmotic
conditions, induced by reducing extracellular
sodium concentration from 125 mmol/l to 115
mmol/l. Under hypo-osmotic conditions, (NaCl -
115 mmol/l), CA3 region became more prone to
non-synaptic bursting than CA1. The delay time
for low-Ca?" discharges was 13.65+3.74 min
in CA3 and 22.84+2.97 min in CAl (n ;= 8,
n ., = 20, P =0.09, Figure, d). Pre-incubation
with 4-AP in hypo-osmotic conditions had no
effect on the latency of low-Ca?" discharges
both in CA3 and CAl: the delay time in CA3
was 14.5£1.76 min and in CA1 30.59+3.70 min
(0 p3= 8,14y =7, P=0.001, Figure, d).

Our results indicate that “epileptic expe-
rience” induced by 4-AP pre-incubation can
increase CA3 propensity to non-synaptic dis-
charges under normal osmotic conditions. Ho-
wever, under hypo-osmotic conditions increased
excitability of the CA3 region results in dec-
reased delay time for nonsynaptic discharges and
this level of cellular excitability cannot be fur-
ther enhanced by the pre-incubation with 4-AP.

While low-Ca?" aCSF is a model of artificial
epileptiform discharges, conditions that promote
non-synaptic hippocampal activity occur in vivo
during seizures and include: drop in extracellular
calcium, increase in extracellular potassium, and
decrease in extracellular volume fraction (due to
activity-dependent cell swelling) [8, 18,19]. Thus,
during seizure episodes in the brain, mechanisms
of non-synaptic neuronal interactions might affect
cellular excitability and contribute to pathological
hippocampal synchronization.

Decreased osmotic pressure of extracellular
medium in the brain may occur during various
pathological states that may include over-hyd-
ration, hypothalamic or renal dysfunction, and
seizures [8]. Reduction of extracellular osmo-
larity results in neuronal swelling and promo-
tes increased cellular excitability, which is
crucial for seizure generation. Thus, under-
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standing the mechanisms that affect hippo-
campal susceptibility to non-synaptic epilep-
tiform discharges may contribute to the better
understanding and control of the pathological
synchronization in the brain.

CONCLUSIONS

1. Under normal osmotic conditions, CA1 region
of hippocampus is more prone to non-synaptic
epileptiform discharges than CA3.

2. Pre-incubation of hippocampal slices with
4-AP under normal osmotic conditions results
in decreased latency for non-synaptic discharges
in CA3 but not in CA1.

3. Under hypo-osmotic conditions, CA3
area of hippocampus becomes more prone to
non-synaptic discharges than CA1l.

4. Pre-incubation of hippocampal slices
with 4-AP under hypo-osmotic conditions has
no effect on the hippocampal propensity to non-
synaptic epileptiform discharges.

0.C. 3anyxask, O.B. Heuuk, O.C PacysioBa,
J.C. IcaeB

MO YJISILISI TITOKAMITAJBHOI 3JATHO-
CTIJO HECUHANITUYHOI CUHXPOHI3ALIQ
Y MOJEJI ENIEICII I3 BHUKEHOIO
KOHLEHTPALIIEIO KAJBIIIO

Hecunantuuny eninentTu(OpMHY aKTHBHICTh BHUKJIMKAIH
y 3pi3ax TiloKamna BMIYYEHHSM iOHIB KalbIlil0 3 I03a-
KJTITHHHOTO cepenoBuia. CXUIBHICTh AUISHOK TilTOKaMIia
J10 HECHHANTHYHOT B3a€MOJIIT MiXk KJIiTHHAMH OyJ1a BU3HaUeHa
BUMIPIOBaHHSIM YacOBOI 3aTPUMKH (JATEHTHOTO Tepiony),
HEOOXiTHOT JUIsl PO3BUTKY HU3BKOKAIBIIEBOT PO3PSAKH Y
3oHax CAl i CA3. 36inbiieHHss HEHPOHHOT 30yAIMBOCTI
OyJio BHKIIMKaHE MPeiHKyOalli€lo rimokaMnanbHuX 3pi3iB 3
4-aminonipuanHoM (4-AP) 1 3HIDKSHHSIM MO3aKJTITHHHOTO
OCMOTHYHOTO THCKY. [IpeiHkyOartist rimokammnaibHuX 3pi3iB 3
4-AP 3a yMOB HOPMaJILHOTO OCMOTHYHOT'O THCKY 3MEHIINIIA
JIATeHTHUH epioJ] HECHHANITUYIHOTO po3psiny y 3oHi CA3, ane
He B CAl. Otpumani pe3yibraTd MMoKasayy, 10 rimoocMo-
THYHI YMOBHU Ta NpeiHkyOaris 3 4-AP MOoXyTb BIUIMBaTH Ha
3aatHicTh CA3 AiISTHKH riNoKamIla TeHepyBaTH HECHHAITHYHI
eniaenTrOpMHI SBHIIA.

Ki1r040Bi ciioBa: HU3BKOKAJbBINEBI eMiIeNTH(HOPMHI SBHUIIA;
4-aMiHOMIPHU/IMH; T1TIOOCMOJISIPHICTB; TIMOKAMII.

Inemumym ¢hizionoeii im. O.0.Bocomonvyss HAH Yrpainu,
Kuis
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0.C. 3anyxask, O.B. Heupik, O.C. PacynoBa,
I.C. UcaeB

MOIYJIANAS TUIITOKAMIIAJLHOM
CIIOCOBHOCTHU K HECUHATITHYECKOM
CUHXPOHM3AIINY B MOJIEJIHN
ENMWIEIICUY C NOHWKEHHOM
KOHIEHTPAIMEN KAJBIUA

Hecunantuyeckas sruienTudopMHas akTHBHOCTb MHITYLIPO-
BaJIaCh B Cpe3ax I'MIINOKaMIIa METOIOM HHKYOalllH CPe30B B
0e3KaIbIIIEBOM BHEKICTOYHOM pacTBOpe. CKIIOHHOCTD y4acT-
KOB T'MIINOKaMIa K HECHHANTHYECKOMY B3aMMOJACHCTBUIO
OLICHNBAJIACH U3MEPEHUEM BPEMEHH 3a1EPKKHU, HEOOXOIMMOTO
JUISL Pa3BUTHS HU3KOKAJIBLMEBBIX pa3psnoB B 30Hax CAl u
CA3. YBennueHne HeHpOHHOH BO30YIMMOCTH OBLIO BBI3BAHO
HPEUHKYOAIMel TUIIOKaMIIANILHBIX CPE30B ¢ 4-aMUHOIHPHU-
nuHOM (4-AP) ¥ CHIKEHHEM BHEKJIETOYHOTO OCMOTUYECKOTO
nasienus. [lpennkybauusa cpe3oB ¢ 4-AP mpu ycrnoBusix
HOPMaJIbHOTO OCMOTHYECKOTO JaBJICHHS BbI3bIBAJIA YMECHb-
IICHUE JIATEHTHOTO IePUOJia HECHHANTHYECKOH pa3psiiku B
3oue CA3, HO He B CAl. [lonmy4yeHHBIE pe3ynbTaThl TOKA3aH,
YTO TUIOOCMOTHYECKHE YCJOBUS M MpenHKyOamms ¢ 4-AP
MOZICTIMPYIOT CIIOCOOHOCTh THITOKaMMnanbHOU 30HBI CA3 K
reHepaliy HECHHANTHYECKUX eHICNTOQOPMHBIX SBICHHUIL.
KiroueBbie ClI0Ba: HU3KOKAJIBLMEBbIC SMUICHTH(HOPMHbIC
SIBIICHMS; 4-aMUHOIMPHIMH; THIIOOCMOJISIPHOCTb; THITIIOKAMII.
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CniBBigHomeHHa pS3-npo- Ta Bel-2-aHTHAIONTOTUYHOT
AKTHBHOCTI B rinokamiii mypis 3 imeMicr-penepdysiero
r0JIOBHOI0 MO3KY Ta €KCIIEPUMEHTAJILHUM /1ia0eToM

T.M. Boituyk, O.M. Hika, C.C. Tkauyk

Buwuii 0eporcasnuil nasuanvruil 3axnad Ykpainu « BykoGuHCoKUll 0epicagHuti MeOudHul
yuigepcumemy, Yepnisyi; e-mail: ajnoral4@rambler.ru

Jlocniooiceno OuHamixy 6anaucy nokasHuxie p53-npo- ma Bel-2-anmuanonmomuunux npoyecia y einokamni
Wypie 3 eKCnepuMenmanbHuUM yykposum oiabemom (LI]), ycknaonenum Henosror 2o0aibHo0 iuemicio-
penepghysiero 20106020 Mo3Ky. [lokazarno, wo y meapun oe3 L[/] nicis 20-xeunurnoi iuemii/oOH0200uHHOL
penep@hysii 8 ycix nousx cinoKamna akmugylomscsi pS3-npoanonmomuyni npoyecu na mii nocunenis Bel-2-
aumuanonmomuunux y nonsix CAIl, CA2, CA4 ma ix oenpecii — y noni CA3. ¥ pannvomy nocmiwemiunomy
nepiodi 6 wypis i3 LI/[ akmuenicmu p53-npoanonmomuunux npoyecis y nonsx CAl, CA3, CA4 oocmosipno
nepesuwye maxy 6 wypis oes oiavemy (naowa p53-IPM na 110, 60, ma 27 %), a 6 noni CA2 € cymmego
nudcuoro. Ha 12-my 006y nocmiwemiunozo nepiody akmueayis anonmo3sy 6 noni CAI eiodysacmocs na mii
iHepMHUX AHMUANONMOMUYHUX NPOYecie AKX y meapun 6e3 LI/, max i 3 1io2o HasAeHicmio, 00HAK NOKA3HUKU
akmusHocmi anonmo3sy 6 wypie iz L] euwi (numomuii émicm oinka p53 ma nrowa p53-IPM na 38 i 43 %).
YV yeui nepioo y noni CA2 meapun 6e3 /] susgneno desxy oenpecio aHmuanonmomuyHux npoyecis is
HE3HAUHUM NEPEBANCAHHIM NPoanonmomuynux, a ha mii L{J]— denpeciio 060x mexanizmis, 6invuie — anmu-
anonmomuunozo; y noni CA3 wypie 6e3 L[] — 30epesicenss akmugnocmi npoanonmomudHux npoyecie ma
noenubents 8 OUHAMIYL denpecii aHmuanonmomudHux, a 3a ymos L] — npueniuents 00ox Mexamizmie npu
cymmesiwiti denpecii anmuanonmomuurozo. Ha 12-my 006y excnepumenmy 6 noni CA4 cnocmepizcanucs
HAU30ANaHCO8ANTULT B3AEMOBIOHOCUHU BUGUEHUX NPOYECI8 3a PAXYHOK iX NAPANeNbHUX Ma 0OHOCHPAMOBAHUX
3MiIH K Y wypie 6e3 L[], max i 3 tioeo Haseuicmio. Pesynomamu céiouame npo mooudixyouuti éniue L]
HA Yymaugicms nouié 2inoKamna 00 iuemMiyHo-penep@y3ittHux NOUKOONCEHb.

Knrouosi crnosa: cinokamn,; yykposuii diabem, iwemis-penep@ysis 20106H020 MO3KY, ANONMO3.

BCTVYII MTOTEHITIAY, SIKe CYTTEBO 3aJICKHUTH Bij] OasaHcy
MPOIYKTIB aKTHUBAIIIT MPOAMONTOTHYHOTO reHa p53
Ta aHTHanonToruuHoro — Bel-2 [9, 10].
BaxxnuBa poib mporecaMm anonTo3y Haje-
KUTh TakoX y ¢popMyBaHHI JiabeTHYHOI eHIle-
¢anonarii [11-13]. B3aeM03B 130K I[yKpOBOIO

niabery (LIJ1) 1 3pocTaHHs YaCTOTH Ta TAKKOCTI

Hacninku akTuBalii riyTamMaT-KaibI[ieBOro KacKa-
Iy YIPOAOBX TMEpIINX TOJUH ilIeMidyHO-pernep-
(y31MHOT0 YIIKOJKCHHS TOJIOBHOI'O MO3KY 30epi-
raloTh CBOIO 3HAYYMIICTh 1 B OLTBLI Mi3HI TEPMIHU
[1-4]. Bonu iHIyKYIOTb 1 MIATPUMYIOTH BiAJaneHi
HACJIIJIKY 1IeMii, 1 B eIy Yepry — peakIiito reHo-

MY Ha rocTpy liepeOpalibHy 1IeMito 3 BKIFOYCHHIM
MOJICKYJISIpHUX Tporpam [5-7]. Bigomo, 1o pazom
3 IHIIUMHU BIJICTPOYCHUMH HACIIJIKAMH IMIEMii,
AKTHBHY Y4acCTh Y «JI0(OpMYBaHHD» BOTHUILA 1H-
(apkry Oepe arnomnTo3, A0AaTKOBO MMOIIKOHKY YN
30Hy neHymoOpu [8, 9]. CrilikicTh HEHPOHIB 0
IIIIEMIYHUX BILIMBIB 3HAYHOKO MipOIO BU3HAYAETHCSI
CITIBBITHOIIICHHSM iX TIPO- Ta aHTHAITOITOTHIHOTO
© T.M. boituyk, O.M. Hixka, C.C. Tkauyk
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repeOiry iHCyNIbTiB noBeaeHuit [ 14, 15], ognak
HOTr0o MeXaHi3MH 3aJIMIIAIOTHCS JOCTIIKEHUMH
HEJOCTaTHBO. Y 3B’SI3KY 3 MM MH MOCTaBHIH
3a METy MpOaHali3yBaTH TUHAMIKY CITiBBiIHO-
meHHs pS53-npo- ta Bcel-2-anTHanonrornunoi
AKTUBHOCTI B MOJISX rinmokamna mypis i3 11/J],
YCKJIaJHEHUM HETIOBHOIO ITI00aJIbHOIO 11IeMi€l0-
pernepdy3iero TOTOBHOTO MO3KY.
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CuiBBifHOmEHHs p53-1po- Ta Bel-2-aHTHAONTOTHYHOT aKTUBHOCTI B TIIOKaMII IIypiB 3 inremiero-penepdy3ieio roIoBHOTO MO3KY

METOAUKA

Jlocninu NpoBeIeHO Ha caMIsgX OLTUX HEeJiHIN-
HUX IIypiB, AKUX mominmiu Ha 6 Tpym. [o I
rpynu YBIHIIIH KOHTPOJBHI TBapwHHU, a0 1l
— IIypH, IKUM MOJENoBaNIu AB00IuHy 20-XBH-
JUHHY KapoOTUIHY iMIEMil0 3 OJHOTOAWUHHOIO
penepdysiero, mo 111 — mypu, SKUX BUBOIUIN
3 eKcrnepuMeHTy Ha 12-ty noOy micnst monue-
moBaHHS 20-XBUIMHHOL IBOOIYHOT KAPOTHIHOI
imewmii, 1o [V — TBapuHH 3 eKCTIEpUMEHTaIbHUM
O, no V — mypu 3 LI, axum mojaentoBaiu
20-XBUIWHHY JIBOOIYHY KapOTHJAHY iMeMito 3
OIHOTOAMHHOIO penepdysiero, 1o VI — mypu 3
II/1, sskuxX BUBOJMIMU 3 €KCIIEpUMEHTY Ha 12-Ty
o0y micist MonentoBaHHs 20-XBHJIMHHOI JBO-
0i19HOT KapOTHAHOI iIeMii.

/I BigTBOpIOBaJIM BHYTPILIHBOOYEPEBUH-
HUM YBEACHHSIM CTPENTO30TOLMHY («Sigmay,
CIIIA, 60 mr / kr) nBomicssyHUM mrypam [16].
Uepes 4 mic y wactuau nrypis i3 LI/ Ta B rpymi
IIypiB aHAJIOTIYHOTO BiKy Oe3 miabery Kirir-
CyBaHHSIM 000X 3arajbHUX COHHHUX apTepiu
npotsiroMm 20 XB MOJENIOBAJM HEMOBHY IJIO-
OanpHy imemito Mo3Ky [17]. Panni Hacmigku
imeMidHO-penepdy3iHHOTO MOMKOKECHHS
rimokamma BHBUYaJd depe3 | rox BiJ Movarky
penepdysii, a BigcTpoueHi — Ha 12-Ty 100y
micas MoaenroBaHHs imemii. HassaicTs L[J]
BepHu(iKyBaIu BU3HAYCHHSIM BMICTY TJIFOKO3HU B
KpOBi (TJIFOKO300KCHIa3HUM METOJIOM) Ta BUB-
YEeHHSIM MOPQOJIOTIYHOTO CTaHy IiAIITYyHKOBOT
3aJ103H; eKCIIEPUMEHTANbHI TpyH (hOpMyBaIH 3
IIypiB, B IKUX PiBEHB TIIiKEMii TOpiBHIOBaB 200
nepeBunryBaB 10 MMOJIB/1.

OmnepaTuBHI BTpyYaHHs Ta €BTaHa3il0 TBa-
PHH 301HCHIOBAJIH 1] KAJTIIICOJIOBUM HapKO30M
(75 Mr/KT BHYTPIIIHHOOYEPEBUHHO). | 0TIOBHUHT
MO30K SIKOMOTa IIBUJIIE BUIy4Yadd B YMOBaxX
HU3BKOI TeMIepaTypH, 3TiTHO 3 KOOpPIAUHATAMHU
CTepeoTaKCUYHOTO atiacy [ 18] Buaisisuiu aiisiH-
KU, 1110 MicTATh o rimokamna CA1, CA2, CA3
ta CA4 i momimanu ix mis 24-roquaHo1 dikcarii
B 10 %-ii po3unH byena. [licis BignmoBigHOI
riCTOJIOTIYHOT TPOBOAKH 3/11HICHIOBAIIN 3a]IUBKY
npenapartiB y mapadinoBi O10KH.
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Binkm Bcl-2 Ta p53 BHABISAIN METOIOM
iMmyHO(DITyopecteHii y cepiifHUX 3pizax MoiB
rimokammna TOBIIMHOI 5 MKM. 3pi3u jemnapa-
¢iHyBamu B KCHJIOJI, PEriApyBaiud B HUCXIAMX
KOHIICHTpAILisAX eTaHoxy, Tpudi no 10 XB BiAMH-
Banu B 0,1 M docharnomy Oydepi (pH 7,4). dus
BU3HAUCHHS BMicTy Oinka Bcl-2 3pi3u mporsarom
18 ron inkyOyBanu y Bosoriii kamepi mpu 4° C i3
NEPBUHHUMH MUIIAYUMH MOHOKJIOHAJIbHUMH aH-
tutinamu 10 Bel-2 mypa (mouse IgG1 isotype,
BupoOHHITBA «Sigma Chemical», CILIA). [Ticus
BIJIMMBaHHSI HQUIMIIKY NEPBUHHUX aHTHUTLI B
0,1 M docdarnomy Oydepi 3pizu iHKyOyBamu
60 xB (37° C) 31 BTOpHHHHUMH aHTUTiIaMHU (KO-
35141 aHTUTINA 10 MOBHOI MoJekynu 1gG mumii,
KOH FOTOBaHi 3 (hiyopecreiny i30TiomioHaTOM
(FITC, «Sigma Chemical», CIIIA), y po3Be-
neHdi 1:64.

Jlns BU3HAUCHHS BMIiCTY Oika p53 perinpo-
BaH1 3pi3M Trinokammna ynpoaoBxk 18 ron iHky-
OyBanu y BoJoriii kamepi npu 4° C oqHOYacHO
3 IEPBUHHUMH KPOJISTYMMU MOHOKJIOHAJIEHUMU
AHTUTIAMHU 0 pS53 mIypa Ta MHUIIAYUMH MO-
HOKJIOHAIbHUMHU aHTUTLIamMu no CD4 mypa
(«Beckman Coulter», CIIIA), KOH IOTOBaHUMH 3
FITC, npomusainu 0,1 M ¢pocdaraum oydpepom i
3aKIIFOYalld B CyMilll TinepuHy Ta Gocdaraoro
Ooydepa (9:1) nnsg HACTYHmHOT JTIOMiHECIIEHTHOL
MIKpOCKOTIi.

Bcel-2%- ta p53*-kmiTHHE TimokamIma iaeH-
TH(IKYBaIU 3a JIOMOMOTOK (IYOPECICHTHOTO
Mmikpockorna AXIOSKOP. 306pakeHHs BBOIWIH
B KOMIT'IOTEPHY CHCTEMY HH(POBOTO aHaIi3y
VIDAS-386 («Kontron Elektronik», Himeauu-
Ha) [19].

JocuikeH s 301HCHIOBAIN 3 JOTPUMAaHHIM
ocHoBHUX nojoxeHb GLP (1981 p.) KonBenmii
Panu €Bponu npo oxopoHy XpeOeTHUX TBapuH,
1110 BUKOPUCTOBYIOTH B €KCIIEPUMEHTAX Ta 1HIINX
HayKoOBUX Iiax, Big 18.03.1986 p.; lupekTuBu
€EC Ne 609 Big 24.11.1986 p. i Hakazy MO3
VYkpainu Ne 690 Big 23.09.2009 p. Craructuuny
3HAYMMICTh BiJIMIHHOCTEH OI[IHIOBaJIA 3a KpH-
TepieM t CThIOIGHTA /AJIs1 HE3aJIeKHUX BUOOPOK.
Pesynbratu mpencTtaBieHi y BHIIISAI CEpeaHIX
apu(PMETHIHUX Ta CTAaHIAPTHOTO BiIXWUIICHHS.
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PE3YJILTATHU TA IX OBGTOBOPEHHSI

VY moni rinokamna CA1 mypis 6e3 L[ micns
20-XBWJIMHHOI i1IeMii 3 OJJHOTOAMHHOIO perep-
¢dy3iero y 2,1 pasa 3pocia miroma p53-iMmyHope-
AKTUBHOTO MaTepially Ta MUTOMUN BMICT Oijika
p53, a Takox miomia Bel-2-1PM (B 1,4 pa3za) ta
nutoMui BMicT Oinka Bel-2 (B 1,2 pasa) na i
3HUKeHHS Ha 33 % koHIeHTparii Oinka Bcel-2
(Tabm. 1, 2). Takum 9rHOM, y paHHBOMY IiIIe-
MigHO-penepdy3iiHOMy Tepiofi TYT CYTTEBO
nepeBakaia aKkTUBaIlisl MPOANONTOTHYHUX Me-
xaHi3MiB. Y noii CA2 B 11eif 4ac TaKoX BUSBICHO
aKTUBAIlil0 000X MEXaHI3MiB, MIO MPOSIBUIOCS
3pOCTaHHAM KOHIIEHTpaIii, MUTOMOTO BMIiCTYy
6inka p53 ta mmomti p53-IPM (y 2,9, 4,31 1,3
pasa BiAMoBiIHO) HA TJIi 301TbIICHHS ITUTOMOTO
BMicTy Oinka Bcl-2, mmomi Bel-2-IPM (B 1,3
pa3a ta Ha 63 %) i 3HMXKCHHS KOHIEHTpaIii
nporo 6inka (Ha 25 %). Otxke, sk i B momi CAl,
aKTHBAIlis MPOANONTOTHYHUX MEXaHI3MiB Tepe-
Ba’jkaJia Ha/l TAKOIO aHTHUAMIONITOTUYHUX. Y O
CA3 axTuBais anonTo3y (3pOCTaHHS MUTOMOTO
BMicTy Oinka p53 Ta o p53-1PM) BinOysa-
Jlacsi Ha TJIi Jenpecii aHTHAnONTOTHYHUX IPO-
1eciB (3HUKEHHS MUTOMOTO BMicTy Oinka Bel-2
ta miomnti Bel-2-IPM), a B moni CA4 akTuBaris
000x mpomeciB Oyna OinpIm 30amaHCOBAHOIO,
X04Ya aKTUBHICTbH aronTo3y JCII0 NepeBaxana.

Ha 12-1y 100y cnocTepeskeHHs B MMOJi rino-
kamma CAl mypis 6e3 ¢ponosoro L/ akTuBHicTh
p53-3aMeKHUX amONTOTHYHHUX MPOIECIB 3aTu-
manacst ipuOIM3HO Ha TOMY K PiBHi, IO 1 y paH-
HBOMY TEpMiHi, a moka3Huku Bcl-2-3amexxaux
AHTHAIMONTOTHYHUX MEXaHi3MIB MOBEPHYJIHUCS
JIO PIBHS KOHTPOJIBHUX IIYypiB. OTXKE, aKTUBAILIIsL
anomnTO3y B Mi3HPOMY IOCTIIIEMIYHOMY NIEpiofi
B moni CA1 BinOyBasacs Ha TJ1i iHEPTHHUX aHTHA-
MONTOTHYHUX TiporieciB. Y moii CA2 B 1eif gac
AKTUBHICTH P53-IpOoanmonTOTHYHUX MPOIECiB
JIeNI0 3MCHINYBajacsi MOPIBHSHO 3 paHHIM IO-
CTIIIEMIYHUM TEPMiHOM: MOBEPHYIUCS 10 3HA-
YeHb MOKA3HUKIB Y TBAPUH KOHTPOIBHOT IPYIIH
KOHIIeHTpaIlig Oinka p53 Ta mmoma p53-1PM, a
TaKOXK 3HU3WUBCS CTOCOBHO MOTEPEIHHOTO Tep-
MiHY CIIOCTEpPEKEHHS MUTOMUMN BMICT Oinka pS53.
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Junamika Bcl-2-aHTHANONTOTHYHUX MPOIIECiB
mnoJjisrajga B MOBEPHEHHI JIO PIBHS KOHTPOJIIO
momti Bel-2-1PM Ta 3HMXEHHI TUTOMOTO BMICTY
0inka Bcel-2. Ockinbku KoHIIeHTpalis 6inka Bel-
2 3ajuInanacs 3HUKEHO CTOCOBHO KOHTPOJIIO,
TOMY MOXHa TOBOPHUTH TIPO JESAKY JETPECiio
B LIbOMY IOJIi TiMOKaMIla aHTHAMONTOTHYHUX
MpOIECiB Ta HE AyXKe CyTTEBE MepeBaKaHHI
npoanontoTudHux. Y moai CA3 cToCOBHO
KOHTPOJIO 3HIXKYyBajacs KOHIIEHTparis Oinka
p53, 3anumranucs maBUIIEHUMH HOTO TUTOMU I
BMiCT Ta mormia pS3-I1PM, 3pocia KOHIIEHTpaIis
6inka Bcl-2, ogHak 3HM)KEHHS MOro MUTOMOTO
BMicTy Ta momti Bel-2-1PM craino cyrreBimunm,
HIXK y paHHbOMY TepMiHi. OTke, B IIbOMY TTOJTi B
Mi3HBOMY MOCTilIEMiYHOMY Iiepiofi 30epiraBcs
nrcOalaHc MK MPO- Ta aHTHANIONTOTHYHUMU
mporecamMu, Xxo4a W Ha iHIIOMY KUIbKiCHOMY
piBHi.

Haii6inpmr 30amaHcoBaHi B3a€MOBITHOCHHU
BUBYEHHX MpoleciB Ha 12-Ty no0y mocTime-
MIJHOTO TIepiony B rpymi TBapuu 6e3 I/l cmo-
crepiranucs B oni CA4, B skoMy B 1Iel Tiepion
MOBEPTAJIUCS JI0 3HAUYCHb Y KOHTPOJbHUX IIYPIB
nMUTOMHHA BMicT OinkiB p53 Ta Bcel-2 i miomma
MaTepiany, iMyHOpeakTHBHOTO 3a p53 Ta Bel-2.

/] cnpuyuHUB HETHO3HAYHI 3MIHU JOCITI-
JDKYBaHUX MTOKa3HUKIB y PI3HUX MOJISAX T1MOKaM-
na: y moii CAl, CTOCOBHO NMOKa3HUKIB y IIYpiB
0e3 TaKoTO 3aXBOPIOBAaHHSA, JIOCTOBIPHO 3pociia
mwiomia p53-1PM, 3Hu3uIMCST KOHIGHTpAIlis Ta
MMUTOMUM BMICT O1J1Ka Bcel-2, 1110 MokHa OLIHUTH
SIK 3HWIKEHHSI aHTUAIIONTOTUYHOTO 3aXKCTy Ha
TJI I€SIKOTO MOCUJIEHHS anonTo3y; y moii CA2
HE BUSIBJICHO 3MiH aKTUBHOCTI PS3-ITO3UTHBHUX
KJIITUH, aJie TIPY [[bOMY 3HU3HJIACS KOHLICHTpa-
mist 6imka Bcl-2, 3pocnu #ioro mATOMHUN BMICT
Ta mwioma Bcl-2-1PM. 3MiHH ABOX OCTaHHIX
MMOKAa3HHUKIB CBIMYAaTh MPO MiABUIICHHS K
KiabKocTi Bcl-2-MO3UTHBHUX KIITUH, TakK W
excripecii Humu Oinka Bel-2. Y momi CA3 mypis
i3 I[/] BusBieHo 3HmxkeHHs B 1,4 pa3a KOHIICH-
Tpauii Oinka p53, 3poctanHs B 1,5 pasa ioro
MMUTOMOTO BMICTY Ta y 2 pa3u — miotdi p53-1PM
MpY OJTHOYACHOMY 3POCTaHHI MUTOMOTO BMICTY
0inka Bcl-2 (ma 61 %) ta muomi Bcel-2-IPM
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Ta6auus 1. Biums imemii-penepdysii Ha peakuiro p53*-kiaiTun nosis rinokammna KOHTPOILHUX IYPIiB TAa TBAPHUH i3
nykpoBuMm aiaéerom (M +m)

I'pyna cnocrepexeHHs

Konuenrparis 6inka

[Toma p53-iMyHOpeakTHBHO-

ITutomuii BMicT Oinka

p33 (E\y, ro mMarepiany Ha 10 000 mxm? p53 (Eig,
IMone CALl
Konrpois 0,0041+0,0004 220,023+26,032 0,890+0,195

Imewmis-penepdysis

20 xB / rox
Imewmis-penepdysis 12 nid
JliabeT

HiaGer Ta imemis-penepdysis
20 xB / rox

JiaGet ta imeMis-penepdysis
12 ni6

KouTtpons
lemisi-penepdysist

20 xB / rox
Imemisi-peniepdysis 12 ni6
[Hiaber

HiaGer Ta imemis-penepdysis
20 xB / Tox

HiaGer Ta imemis-penepdysis
12 ni6

KonTposns
Imemist-penepdysis

20 xB / rox
Imewmisg-penepdysis 12 nid
JliabeT

JiaGet ta imemis-penepdysis
20 xB / rox

JiabGer ta imemis-penepdysis
12 ni6

Koutpons
lmewmis-penepdysis

20 xB / rox
Imemisi-peniepdysis 12 ni6
JiabeT

JiabGer ta imeMis-penepdysis
20 xB / rox

Hiaber Ta imemis-penepdysis
12 ni6

0,0044+0,0003
0,0049+0,0005
0,0037+0,0003
0,0040+0,0004

0,0048+0,0004

435,478+44,637*
441,657+45,205%
398,466+34,397*
916,52562,99%**

632,022:+59,983 %k k%%

ITone CA2

0,00360,0002
0,0104+0,0009*
0,0042:0,0004%**

0,0040+0,0003

0,0047+0,0005

0,0044+0,0004

625,076+57,356
800,043+69,727*
643,521+64,603
699,684+61,109
732,827+73,878

563,737+55,519%***

ITone CA3

0,0042+0,0002
0,0041+0,0001
0,0037+0,0001 *-**
0,0031+0,0001*
0,0033+0,0002

0,0038+0,0003%**

336,359+32,509
586,773+54,216%
461,571+44,328%
663,05+£67,461*
955,43£97 43%**

581,898+£58, 61 2% %k k%

ITome CA4

0,0041+0,0002
0,0044+0,0002
0,0037+0,0001
0,0037+0,0007
0,0029+0,0001

0,0033+0,0001 ****

363,499+43,946

701,116£73,506*
424,165+49,632%*

510,595+52,065*
892,845+87,274% %

373,018+£309,544% %% %%k

1,851+0,178*

2,120+0,208*

1,286+0,126
3,52140,368%**

2,928+0,227%**

1,951+0,241
8,464+3,985*
2,647+0,229% %
2,283+0,200
3,32140,361%**
2,064+0,311%*%*
1,307+0,130
2,270+0,242%
1,674+0,139% %
1,981+0,195*
2,468+0,207
1,976+0, 143 %%
1,369+0,131
2.864+0,243*
1,497£0,273%%*
1,484+0,223

2,386+0,208***

1,18540,246%***

Ipumirka: TyT Ta B Tab1. 2 — BIPOTIAHICTS PI3HUII TOPIBHSAHO 3: * - KOHTposeM; ** - imeMiero-periepdysieto (20 xB / 1 rom) y

KOHTPOJBHUX TBApHH; *** - miabetom; **** — imemiero-perepdysiero (20 xB / 1 rox) y TBapuH i3 giabeTom
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(1a 60 %). TakuM YMHOM, Yy ILOMY TIOJ1 3MiHU
BUBUYCHHUX MPO- Ta aHTHANONTOTUYHUX MeEXa-

Hi3MiB Y3TO/’KEHI 1 B KiTbKICHOMY BiZHOIIEHHI
Bipi3HAIOTHECS HecyTTeBO. Y moni CA4 BusiB-

Tabauust 2. Bruus inemii-penep¢ysii Ha peaxkuiro Bel-2* kaiTuH motis rimokaMmna KOHTPOJILHEX IIYPiB Ta TBapuH i3

nykposuMm iaderom (M + m)

I'pyna cnoctepexeHHs

. _. | Hmoma Bcl-2-imyHopeak-
Kownuenrpartist 6is- B y. p
TUBHOTO MaTepiany

ITuromuii BMicT Oinka

ka Bcl-2 (E,y) 2 10 000 Mias Bel-2 (E;g)
ITone CAl
Koutpons 0,0066+0,0006 286,843+27,545 1,590+0,131
Imewmis-penepdysis 20 xB / rox 0,0052+0,0002%* 402,018+41,185* 1,9724+0,143*
Imemis-penepdysist 12 nid 0,0063+0,0005** 305,301£32,087** 1,605+0,197

JHiabeT
JiaGet ta imemis-penepdysis
20 xB / rox

JiaGet Ta imeMis-penepdysis
12 ni6

Kourtpons

[memist-peniepdysis 20 xB / rox
[memisti-penepdysis 12 116
JiabeT

HiaGer Ta imemis-penepdysis
20 xB / rox

Hiaber Ta imemis-penepdysis
12 ni6

KonTpons

Imemisi-penepdysist 20 xB / rox
Imemisi-peniepdy3is 12 ni6
JliabeT

Jiabet ta imeMis-penepdysis
20 xB / rox

Jiabet Ta imemis-penepdysis
12 ni6

KouTtpons

Imewmis-penepdysis 20 xB / Tox
[memist-penepdysis 12 116
JiabeT

Jiaber Ta imemis-penepdysis
20 xB / rox

HiaGer Ta imemis-penepdysis
12 ni6

0,0047+0,0003* 278,209+30,339

0,0047+0,0003 567,324+53,737***
0,0051+0,0004 255,733+60,714%***
ITone CA2
0,0060+0,0003
0,0045+0,0003*
0,0046+0,0002*
0,00488+0,000009*

433,303+43,088
707,067+52,372*
379,618+43,872%*
735,929+14,771%
0,0039740,0001 *** 761,191+60,847
0,0043£0,0002%**  378,549+£37,637%% %% %%

TTome CA3

0,0049+0,0002

0,0052+0,0003
0,0064+0,0005%*-**
0,00492+0,00016

466,054+45,285
337,932+33,238%

226,167+38,269%**
746,198424,45%

0,0046+0,0002 507,706+£58,156%**
0,0054+0,0003**** 322 265+£43 64 9% %% *k**
ITone CA4

0,0060+0,0006
0,00510,0002
0,00520,0004
0,00570,0005

392,9214+47,829
643.459£42.154%
315,669+42,550%*

383.333+33,860

0,0041+0,0002%** 645,847+62,663***

0,0049+0,0003%**% 278 721429, 850 %% %k

1,198+0,146*
2,333+0,234%**
1,154£0,255% %%
2.217+0,232
2,930+0,192%*
1,617£0,202% %%
3,446+0,059*
2,82140,209%%**
1,516£0,26% %% %4k
2,122+0,241
1,606+0,141%*

1,234+0,147% %%
3,421+0,064*

2,189+0,238%**

1,600, 1 (7% %%k

1,885+0,242
3,003+0,170*
1,468+0,230%*

1,889+0,142

2,49840,228%%*

1,2740,263% %% % %%
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JeHo 3pocTtanHs rromi p53-IPM mpu iHmmx
HE3MIHHHX IapaMeTpax aKTUBHOCTI IIbOTO IeHa;
Biporimaux 3miH Bcl-2-3anexxHux mporeciB He
BHUSIBIICHO.

YV mypiB i3 /] micas 20-XBUITUHHOT imIemMii
Ta ofHOTOqUHHOI penepdy3ii B moni CA1 3pociu
MUTOMHH BMICT Oinka p53 ta muioma pS3-IPM y
2,712,3 pa3a BiIOBiAHO i TUTOMUIN BMICT OiJIKa
Bcl-2 i momia Bel-2-1PM B 1,95 pasa Tta 2 pasu
CTOCOBHO MTOKa3HMKIB y mypiB i3 LI /1, HEYCKIaI-
HEHUM MOPYIIEHHSAM IIepeOpabHOT0 KPOBOOOITY.
[NopiBHSIHHS a0COTIOTHUX 3HAY€Hb MMOKA3HUKIB aK-
TUBHOCTI p53- Ta Bel-2 3anexxHux npouecis cBif-
4aTh, II0 B IMYpiB i3 AiabeToM, Ha BiAMIHY Bix
TBapHH KOHTPOJIBHOI TPy, IPOIECH AlONTO3Y
Oyu IHTCHCHBHIIITUMH, a HANPYKCHICTh aHTH-
armoNMTOTHYHUX TPOIECiB 3HAYHO clrabira, Hix
npoanontoruuyaux. Y moii CA2 urypis i3 11 /]
Yy PaHHBOMY MOCTIIEMIYHOMY MEPioi peaxwis
PS53-NO3UTUBHUX KJIITHH, Ha BiIMiHY BiJ] TBApHH
i3 miabetom Oe3 iMmemMidHOTro BTpy4YaHHs, oOMe-
JKHJIacs 3pOCTaHHSAM MHTOMOTO BMicTy Oinka
p53 B 1,45 pasa. [IpuHIIMIIOBO BIAMIHHOKIO B
il Tpyni Oyna TakoX peaxiis NpOAYKTiB TeHa
Bcl-2, sika monsirana B 3HUKEHHI MHUTOMOTO
BMicTy Oinka Bel-2 na 18 % (y TBapun 6e3 nia-
Oety BiH 3pic Ha 32 %). Kpim Toro, B IIypiB i3
LI/] 6yna BigcyTHs peaxiis turomti Bel-2-1PM.
VY cykynHOCTI 1i akTH CBig4aTh Mpo MOMipHY
aktuBailito B moyi CA2 nrypiB 3a3HaueHOT eKCIIe-
PUMEHTAJBHOT TPYH allONTOTUYHUX MPOIIECiB
Ha TIIi Aenpecii aHTHAMONTOTHYHUX. Y IIypiB i3
/1 B momi CA3 3pic muTOMHI BMICT Oisika p53
ta oma p53-IPM B 1,25 ta 1,44 paza, To0TO
CIpsIMyBaHHS peakiii Oyo TakuM, siK y TBApUH
0e3 miabety. OqHaK aOCONIOTHI 3HAUCHHS IIHX
MOKa3HUKIB IIEPEeBUIIYBaIH TaKi 3a aHAJIOT1YHO-
ro BTpy4aHHs B mypiB Oe3 niadety Ha 8 Ta 60 %
BigmoBinHO. OTXe, y TBapuH 0e3 L[J] mocTimme-
MiuHE TIOCWJICHHS MPOANONTOTHUYHUX BILIHUBIB
Bi/10yBaocsi piBHOMIPHO 3a paxyHOK 3pOCTaHHs
guciaa pS3-Mo3UTHBHUX KIITHH Ta ekcupecii
HUMHU OinKka pS53, a 'y TBapuH i3 HOT0 HasBHICTIO
— MEPEeBaXHO 33 PaXyHOK MEPIIOTO MEXaHi3MYy.
Kpim ToTO, Y BKazanomy moii TBapuu i3 L]
3HU3HMBCS NMUTOMUM BMicT Oinka Bel-2 (B 1,6
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paza) ta uioma Bcel-2-1PM (B 1,5 pa3za), ogHak
3HAYEHHS MX IMOKAa3HUKIB IMEPEeBUIYyBaIN TaKi
y TBapuH 6e3 miabery B 1,4 Ta 1,5 paza. Y momi
CA4 mypiB i3 LI J] micnst 20-XBUIMHHOT inIemii 3
OJIHOTOJIMHHOIO pernep(y3i€r0 3p0Ciu MUTOMUN
BMicT Oisika p53 Ha 74 % Ta moma p53-1PM —
Ha 40 %, a oTKe, KPaTHICTh MiJABUIIEHHS ITUX
MMOKa3HUKIB Oylla MEHIIOIO, Hi’)K y TBApUH 0e3
niabeTy 3a TaKOTO X BTpY4YaHHS. 301IbIIAINCS
takox Ha 30 % nuromuii BMicT Oisika Bcel-2 ta
Ha 68 % — muoma Bcel-2-1PM. Caig BiAMITHTH
TaKy OCOONMBICTh — Y JAHOMY IOJi a0COJIIOTHI
MoCTIiNIeMidHI 3HAYeHHS 3MiHEHHUX MTOKa3HUKIB
y TBapwH KOHTPOJIFHOI TPYNHU Ta IIYpiB i3 Ii-
abeToM, Ha BiAMIHY BiJ IHIIUX TOJIB, Biapi3-
HSIOThCSI MaJio. Lle mijikoM 3aKOHOMIpHO, ajpKe
L y wiii 30Hi rimokammna CIpUYMHUB HAMMEHII
CYyTT€BI1 3MiHU PS53-3aJIe)KHUX MPOANONTOTHY-
HHUX MEXaHi3MiB Ta He MPHU3BIB J0 I0CTOBIpHUX
nopymieHb Bel-2-miponiecis, i HaBiTh T0JaTKOBE
HaBaHTA)XCHHS Ha JOCIHIJUKYyBaHI MEXaHI3MH Y
BUIIsIAL imemii-penepdy3ii He cmpoBOKyBaio
BUIUMHUX 3MiH.

Ha 12-ty noOy imemiuHo-penepdy3iiiHOTO
nepiony B moxi CA1 tBapwuH i3 L[/l 3anumanucs
MIBUIIEHUMHA CTOCOBHO BIJMMOBiMHUX Tapa-
METpIB y TBapuH i3 AiabeTom 0e3 MOpPYIICHb
MO3KOBOTO KPOBOOOIry MUTOMHUN BMicT Oinka
p53 ta mioma pS3-IPM (y 2,3 ta 1,6 pasa), a
OTK€, MPOIECH aIONTO3Y 3aTUIIATUCS MTOCHIIe-
numu. BogHouac, aktuBHIcTh Bcl-2-3anexanx
AHTUATIONITOTUYHHUX TMPOIIECIB TOBEpTAIacs J10
piBHs, mpuTaMmanHoro tBapuHam i3 LIJ[. Takum
YUHOM, TOCUJICHHS alloNTo3y Y BiICTPOUYCHOMY
nepiozi B HbOMY IOJi riloKaMIia BijOyBa€eThCs
Ha TJIi BiICYTHOCTI POTH/Ti1 aHTUATTONTOTUYHUX
nporeciB. Y moni CA2 tBapun i3 LJ] muTo-
MU BMIicT Oinka p53 moBepHYBCS 10 PiBHS Y
TBapuH i3 niabetom 0e3 imemiuno-penepdy-
3IHHUX YCKJaJHEHb Ta JOCTOBIPHO 3HHU3UIIACS
KOHIeHTpalnis O0inka Bcl-2, fioro nutomuit
BMicT 1 uroma Bcel-2-IPM. OctanHi nBa mo-
Ka3HUKH CYTTEBO 3HU3MIINCS TAKOX 1 CTOCOBHO
MOINEepPeHBOr0 TEPMiHY CIOCTEPEKEHHS, IO
CBIYUTH MPO HAPOCTAaHHS 3 4acoM Jempecii
AHTHANIONITOTUYHOTO TOTEHIIIaly, sKa IepeBa-
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JKaja HaJl MPUTHIYEHHSIM aHTHATIONTOTHYHOTO.
JlnHamika MOCTIMIEeMIYHUX 3MiH BUBYCHHX I10-
ka3HuKiB y moni CA3 mypis i3 LI/l nonsrana B
JIOCTOBIPHOMY 3pOCTaHHI CTOCOBHO ITapaMeTpiB
3a miabeTy 6€3 mopyIeHHs epedpaTbHOTO KPo-
B00OITy KoHIIeHTpalii Oiika p53 (Ha 22 %) npu
OIHOYAaCHOMY 3HMKeHHI miomi p53-IPM (na
12 %). Ilutomutii BMicT Oinika p53 moBepHYBCS 10
nepeimeMiqYHOr0 PiBHS y TBapHUH i3 11a0ETOM.
3a3HaueHi 3MiHM Bi0yBaIUCs Ha T 3HUKEHHS
CTOCOBHO TMTOKa3HUKIB Yy pa3i aiabeTy 6e3 imemii
Mo3Ky Tutoi Bel-2-1PM (y 2,3 pa3a) Ta nutomo-
ro BmicTy Oinka Bcel-2 (y 2,1 pasa). 3ausunucs
i MOKAa3HUKH 1 CTOCOBHO TaKHUX Y PaHHbOMY
MOCTIMIEMIYHOMY TIEpioJli, IO TOBOPUTH IPO
MIPOJIOHTAIIIIO JIeTIpecii aHTHAMTONITOTHYHOT aK-
THBHOCTI, SIKa MepeBa)xkaja HaJ MPUTHIYEHHIM
pS53-npoanonToTudHOi akTUBHOCTI. Y moi CA4
mypiB i3 [/l na 12-Ty moOy mocrimemiuHOro
nepiofy CTOCOBHO MOKa3HUKA Y TBAPHUH 3 IaHOIO
maroJioriero 6e3 imemii-penepdysii mo3ky B 1,4
pasa 3HmKyBanacs mioma p53-1PM, a nutommuit
BMicT Oinka p53 moBepTaBcsi O PiBHs y TBa-
puH i3 giadetoM. OTxe, aKTHUBAIlisSI AllONTO3Y B
paHHbOMY imemiyHO-penepdy3iiiHOMY nepioai
Ha 12-Ty 100y 3MiHIOBajacs HOTO NMPUTHIYCH-
HsM. Taka >k 3aKOHOMIPHICTE CIlocTepiraiacs
o0 3MiH Bcel-2-3anexnux nporecis: Ha 12-Ty
100y MOCTiMEMIYHOTO MepioJly MOPiBHSHO 3
MOKa3HUKaMHU B IIypiB i3 giabetom B 1,5 pasza
3HMKYBaBCSl MUTOMUH BMicT Oinka Bel-2 18 1,4
paza — mioma Bcel-2-IPM. Kpim Toro, ciing 3a-
3HAYUTH 3HIDKEHHS JaHUX IIOKa3HUKIB CTOCOBHO
paHHBOTO iMEeMiYHO-penepdy3iHHOTO Mepiofy.
TakuM 4MHOM, Y IIbOMY I10JIi MapajielibHa aKTH-
Ballisl IPO- Ta AHTHAMTONTOTUYHUX MEXaHI3MiB Yy
paHHBOMY TEpMiHI 3MiHIOBajacsi OiJIbII-MEHMI
PIBHOMIpHUM TMPHUTHIYEHHSIM 000X TPOIECIB y
M3HBOMY, 110 CBiTIUTH MPO iX 30aIaHCOBaH1 3Mi-
HU YTIPOJIOBX BCHOTO MEPIOJly CIIOCTEPEIKCHHS.

BUCHOBKUA

1. ¥ TBapun 6e3 IIJ] micas 20-XxBUIUHHOI
imeMii 3 OJHOTOAMHHOIO pernepdy3icio y Beix
MOJISAX TiNOKaMIla CIOCTEPIraeThCs aKTUBAILS
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p53-3aieKHUX MPOANMONTOTUYHUX TPOIECiB,
KigpkicHO HalicyTTeBima B monsax CAl ta CA4,
Ha 111 mocusneHHs Bcel-2-3ane)xHux anTHanonTo-
THuHUX MexaHi3MiB y nojsix CAl, CA2, CA4 ta
3HUKCHHS aKTUBHOCTI ocTaHHix — y moji CA3.

2. Ha 12-ty no0y mocrimeMiyHOTO Tepioay
MPOANONTOTUYHA AKTUBHICTH CTOCOBHO KOHTPO-
a0 B noasix CA1l, CA2, CA3 3anumaerbcs
MiABHUIICHOO0, a B moJii CA4 — moBepTaeThCs 10
PiBHS y TBapUH KOHTPOJIBHOI I'PYIH, K 1 aHTHA-
nonroruyHa B oyisix CA1 ta CA4. Y nomi CA2
OCTaHHS CTOCOBHO KOHTPOJIIO 3HMKYETHCS, a B
noi CA3 ii genpecist HapocrTae.

3. IIJ] aktuBye pS53-3alie)KHI MPOATMONTO-
tgHi MexaHizmu y moisix CAl, CA3, CA4 Ta
aHTHanonToTU4HiI Bcl-2-3amexHi — B mossx
CA2 i CA3; npurniuye octanHi B moii CAl i
HE BIUIMBa€ HAa HUX — Yy noni CA4.

4. Y mypiB i3 I/l y panHbOMY moOCTiIIE-
MIYHOMY Mepiofi aKTHBHICTEL PS3-3alieKHUX
MpoanonToTHYHuX npoieciB y nmonsix CA1l, CA3,
CA4 nocToBipHO NEpeBUIIY€E TaKky B LIypiB 3
aHaAJOTIYHUM BTpy4aHHSIM Oe3 faiabeTy, a B moJi
CA2 — € CyTTEBO HUKYOIO.

5. Ha 12-ty no6y imemiuHo-penepdy3iitHoro
nepiogy B mypiB i3 AiabeToM aKTHBHICTH p53-
MPOATIONITOTUYHUX MPOIIECIB CTOCOBHO MOKA3HM-
KiB 32 HasIBHOCTI JliabeTy 0e3 mopyIieHHs 1epe-
OpanbHOTO KpoBOOOIry B moii CA1 3anuiaerscs
migBumeHot, B noidi CA2 moBepraeTrhes A0
piBHS B mIypiB i3 miabetoMm, a B moissx CA3 Ta
CA4 — 3amxyeTbes; Bel-2-3anexxna antramnon-
TOTHYHA aKTHUBHICTh MOBEPTAETHCS 10 PIBHA B
ypiB i3 giaderom y osti CAl, 3HUKYETHCS — B
nori CA4, ta 3a3Hae 11e O1bII01, HiXK Y PaHHBO-
My miepiozi, nenpecii B momsix CA2 ta CA3.

T.H. Boituyk, O.M. Huka, C.C. Tkauyk

COOTHOIIEHME P53-ITPO- U BCL-2-AH-
TUATIONTOTUYECKON AKTUBHOCTH B
TUIIIIOKAMIIE KPbIC C MIIEMUE-PEIIEP-
®Y3UENA TOJIOBHOT'O MO3I'A M DKCIIEPU-
MEHTAJIBHBIM IMABETOM

HccnenoBana nquHamuka GanaHca mokasateneil pS3-mpo- u
Bcl-2-aHTHAMONTOTHYECKOTO MPOIECCOB B THITIIOKAMIIE KPBIC
C JKCIIEpUMEHTAIBHBIM caxapHbiM nuadbetoM (CII), ociox-
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CuiBBifHOmEHHs p53-1po- Ta Bel-2-aHTHAONTOTHYHOT aKTUBHOCTI B TIIOKaMII IIypiB 3 inremiero-penepdy3ieio roIoBHOTO MO3KY

HEHHBIM HEIOJIHOH To0anpHOU nieMuei-penepdysueit
roJ0BHOTO Mo3ra. [Tokazano, uTo y skuBoTHBIX 6¢3 CJ] mocie
20-MUHYTHOW MIEMHUH/OJHOYACOBO perepdy3un Bo Bcex
HOJIAX TUIIOKaMIIa aKTUBUPYIOTCS P53 -IpoanonToTudecKue
nporeccel Ha GoHe ycuieHns: Bcl-2-aHTHAONTOTHYECKUX
B noyisix CA1l, CA2, CA4 u ux penpeccun — B nioie CA3. B
paHHEM HOCTUIIEMUYECKOM niepuoe y Kpbic ¢ CJl akTUBHOCTD
pS53-npoanontoruueckux mnpoueccos B nossix CAl, CA3,
CA4 nocToBepHO MPEBBIIIAET TAKOBYIO Y KpbIC Oe3 muabera
(o muomaau pS3-MPM na 110, 60 u 27 %), a B none CA2
sBisieTcst Oonee HU3Ko. Ha 12-e cyTKH MmoCTHIIEMU4eCcKOro
nepuoja akTupauus anonrtos3a B nosie CAl npoucxoaurt Ha
q)OHe HWHCPTHBIX aHTUAIIONITOTUYECKUX ITPOLICCCOB KaK y KU~
BOTHBIX 0€3 CJI, Tak u ¢ €ro HaJMYHueM, OJHAKO MTOKA3aTEeIH,
XapaKTepU3yIoIue aKTUBHOCTS arloNnTo3a, y Kpbic ¢ C/I Beiiie
(ynenbHOE conepxanue Oenka pS3 u momanb pS3-MPM na
38 u 43 %). B ator nepuox B none CA2 xuBotHbix 6e3 CJ]
BBISIBJICHO HEKOTOPYIO ACHPECCUIO aHTUAIIONTOTHUYCCKUX
IPOLIECCOB C HE3HAUMTEIILHBIM IIPe00iIaJaHieM MPOaIoNTo-
THYeCKUX, a Ha (one CJ] — menpeccuto 000UX MEXaHM3MOB,
Oosbliie — aHTHanonToTn4eckoro; B moie CA3 kpsic 6e3 CJ]
— COXpaHEHHE aKTUBHOCTH MPOANONTOTUYECKUX TPOLIECCOB
)51 yrny6nel-n/1e B JMHAMHUKE ICTIPECCHUN aHTUAIIONITOTUYECKUX,
a B ycnoBusix CJ1 — yruereHre 000MX MEXaHU3MOB IIpHu Oosiee
CYLIECTBCHHON JieNpeccuy aHTHanonTornyeckoro. Ha 12-e
cyTku 3kcnepumenra B noine CA4 Habmonanich Hanbosee
CGaﬂaHCHpoBaHHbIC B3aMMOOTHOILICHUS l/l3y‘[eHH]>IX npouec-
COB 3a CUCT UX IapasUICJIbHBIX U OJHOHAIIPABJICHHBIX U3MCHE-
HUM Kak y kpbIc 0e3 C/I, Tak u ¢ ero HanuuueM. Pesynbrarsl
CBUJICTENBCTBYIOT 0 Moauduuupytomem Biusiauu CJl Ha
'-{yBCTBI/ITeJ'[bHOCTb l'lO.]'Iei’I rurnIoKamiia K HIEMHUYCCKU-pe-
nepy3nOHHBIM TTOBPEKICHUSIM.

KitroyeBble ci10Ba: TUIIOKAMIT; CaxapHbIH [1abeT; UieMusi-pe-
nepdy3us roJI0BHOTO MO3ra; aronTo3.

T.M. Boychuk, O.M. Nika, S.S. Tkachuk

THE RATIO OF P53-PROAPOPTOTIC

AND BCL-2 ANTIAPOPTOTIC ACTIVITY IN
THE HIPPOCAMPUS OF RATS WITH BRAIN
ISCHEMIA-REPERFUSION

AND EXPERIMENTAL DIABETES

The dynamics of the balance of indices of pro- and p53-
Bcl-2 anti-apoptotic processes in the hippocampus of rats
with experimental diabetes mellitus (DM) complicated
by incomplete global cerebral ischemia-reperfusion was
investigated. It is shown that p53 proapoptotic processes in
animals without diabetes after 20 minutes of ischemia/l hour
reperfusion in all fields of the hippocampus are activated in
the background of increasing Bcl-2 antiapoptotic processes in
the fields CA1, CA2, CA4 and depression of it — in the CA3
field. In the early postischemic period in rats with DM activity
of the pS3-proapoptotic processes in fields CA1, CA3, CA4
significantly exceeds that in non-diabetic rats (area of p53-
IRM increases on 110, 60 and 27 %), and was significantly

32

lower than that detected in CA2 field. On the 12th day of
post-ischemic period, activation of apoptosis in field CAl
occurs in the background of inert antiapoptotic processes, in
animals without diabetes, as well as in diabetic rats, but the
indicators characterizing of apoptotic activity in rats with
diabetes were higher (specific contents of p53 protein and area
of p53 -IRM increases on 38 and 43 %). During this period, in
the CA2 region of the non-diabetic animals, some depression
of the antiapoptotic processes with a slight predominance
of proapoptotic processes was detected. In the field of CA3
region of rats without diabetes, the retention of activity of
proapoptotic processes and the deepening in the dynamics of
depression of antiapoptotic processes were showed. In rats
with DM, the oppression of both mechanisms with a significant
depression of antiapoptotic processes was observed. On the
12th day of experiment in the field CA4, the most balanced
relationship were detected between the studied of the processes
due to their parallel and unidirectional changes both in the rats
without diabetes as well as with DM. The results point on the
modifying effect of DM on susceptibility of hippocampal fields
to ischemic-reperfusion injury.

Key words: hippocampus; diabetes mellitus; brain ischemia-
reperfusion; apoptosis.

Higher State Educational Establishment of Ukraine,
«Bukovinian State Medical Universityy, Chernivtsi.
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PoJsib MeTa00JIiTIB OKCHAY a30Ty NPH AIl CYOTOKCHYHMX
103 CYKIIMHAMI/IIB HA CTAH reMoCTa3y

I.A. ITanarina, M.A. Kynps, O.C. JlaiumeHnko

Y «Incmumym npobnem endoxpunnoi namonoeii im. B.A. Jlanunescoxoco HAMH Yrpainuy, Xapxis,
e-mail: lab-tox@ukr.net

Busuanu ponv 3smin 00MiHy eHOo2eHH020 okcudy azomy (NO) npu 0ii amioie 6ypumuHogoi Kxuciomu —
npodykmie 6iompancgopmayii anmudiabemuunozo 3acody na cman cemocmasy. B excnepumenmi na
Wypax 3acmoco8ysanu CUHMe308aHi CYKYUHAMIOU 8 eKGIMOTAPHUX KITbKOCIAX U000 CYOMOKCUUHOI 003U
Gapmayesmuunoi cyocmanyii. Busnauanu noxasuuku, sSKi Xapakxmepuzyioms cman mpomooyumapHo2o
ma Koa2ynAyilHo2o 2emocmasy y niasmi Kposi, emicm cmabiitbHux memaodonimie NO ma axmugHicmy
cunmasu oxkcuoy asomy (NOS) y comocenami neuinku, naasmi kposi ma ceui wjypis. Bcmanosneno, wo 6
YMOBAX CYOXPOHIUHO20 88€0€HHS CYKYUHAMIOIE 3MEHULYEMbCA KOHYEHMPAyis HImpum- ma Himpam-ami-
onig y nuasmi kposi (na 30-50 i 20-35% eionosiono), neuinyi (na 16-19 i 14-18%) ma ceui (na 50-70 i
38-55%). Baowcnugum wuHHUKOM yux 3min € 3nudicenns akmuernocmi NOS (na 33%). Hocriosiceni cnonyku
3a yux ymoe niosuwyioms y 1,5 pasa koazynayivinuil nomenyian naazmu Kposi ma MOXCyms nioCUnI08amu
Ha 20% aepecayito mpomboyumis. Ananiz Koepiyicumie naproi Kopensyii noKa3ae HAsABHICMb 36 SA3Ki6
3min noxkasHuxie memaobonismy NO ma eemocmazy. Ompumani peyibmamu c6iouams npo me, wjo nposs
NPoKOAYIAYIUHOI ma mpomooceH ol Oii’ CyKYuHamiois 3a yMos ix 3acmocy8anus y cyOmoKCuyHux 003ax
NneHOI MIpoIo 3yMOGIeHUll 3MeHueHHAM eazoakmusHozo nyny NO, wo, y ceoio uepey, 8i0bysacmucs 3d

paxyHox 3Hudicenns akmugnocmi NOS.

Knrouogi cnosa: okcuo azomy, eemocmas, amiou 6yputmuHo80i KUciomiu.

BCTYII

Bimomo, mo nykposuit miader (I[J1) cympo-
BOJKYETHCS MOPYUICHHSMU CYJIHHHO-TPOMOO-
MATApHOT Ta KOATYISIIHHOI JJAaHOK TeéMOCTa3y
Ha TJi €HJOTeNiaIbHOI MQUCYHKIIIT, 0 CYT-
TEBO MPUCKOPIOE PO3BUTOK CEPIEBO-CYAMHHUX
yckmagaens [1]. [Ipobmema dapmakogorigaaoi
KOPEKIIii 3MiH y CHCTeMI reMocTasy 3a Ii€i ma-
TOJIOTI] 3aTMIIAETHCA A0 KiHIS HE BUPINICHOIO,
JIOCJIIJUKEHD Y TAKOMY HANpPsIMKY HEJIOCTaTHBO.
Hapa3si BuB4a€eThCsS aHTUTPOMOOTEHHUH MOTEH-
miaj TimoTIiKeMIYHUX TPernaparis, Il TeIKUX
(6iryaHiau, Tia30JiAUHIIOHH) BCTAHOBICHO
npsIMU BIUIMB Ha reMmoctas. Jliteparypui gani
MATBEPIKYIOTh HAsIBHICT Y HU3KHU 3aMIMIEHUX
aMiJliB Ta ripa3uliiB JUKapOOHOBHX KUCIOT
(OypmTHHOBOI, ManeiHOBO1, (Ta’aeBO1) AHTHKO-
aryJsmiiHoi abo piAIe reMoCcTaTHIHOI aKTHB-
HOCTI, ajie KOJIO TaKuX CIOJyK He3HadHe [2].

© IL.A. ITanarina, M.f. Kynps, O.C. JlanumeHko
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3’sicoBaHO, M0 CYKIIMHATBMICHI CITOJIYKH 3/1aTHI
3armobiratu mporpecyBanHio qucyHKIii eHgo-
TEJIit0, MIABUIYIOYH CHHTE3 1 0100CTYIHICTh
eH/IOreHHOTO0 oKcHy a3oty (NO), Ta Uy TIuBiCTh
SHIOTEONUTIB 10 HKOTO [3]. B acmexTi BUB4UeH-
HS MeXaHI3MiB Jil Ha TeMOCTa3, acoILiiOBaHNX
13 3minamu Metabounizmy NO, meBHUH iHTepec
MPEACTABISAIOTH CIONYKH 3 aHTHI1a0eTHYHOIO
AKTUBHICTIO, SIKi € MOXIAHUMHU OYpUITHHOBOT
KHCIIOTH.

OpuriHaIbHOIO CHOTYKOO 3 aHTHJliabeTny-
HUMU BJIACTUBOCTAMH € - eHinerTnnamis 2-0k-
cucykuuHaHinoBoi kucnotu (B-OEA-OCAK),
MEXaHI3MH il SKOTO OB’ A3aHI 3 MOJINIIEHHIM
0ioeHEepreTHYHHUX MPOIECiB, MPUTHIUYCHHIM
OKCHJIATUBHOTO CTPECYy 1 3HWKEHHSM Hedep-
MEHTAaTHUBHOTO Tiko3uaoBanusg [4]. Ha moxmeni
MeTabOoJIIYHOTO CHHIPOMY BHUSIBIIEHO aHTHUKOA-
TYJSIIAHY aKTUBHICTH IIi€T coiyku B 1031 50
Mr/kr (nepopasibHo) [S]. Busnaueni metabonitu
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I pa3u Giorpanchopmanii B-OPEA-OCAK:
2-rigpokcudenincykuunamin (2-I'OCA) i
B-(peninermncykunnamin (B-OECA), ski Takox
€ TIOXITHUMHU OypIITHHOBOT KHCIOTH 1 MOXYTh
BIUTMBATH Ha crenmuidHi Ta TOKCUYHI e(PeKTH
BHUX1JHOT CITOJIYKH.

JlocaipKEeHHSIMU OCTaHHIX POKIB IIOKa3aHO,
IO Yy PEerysuii CyIMHHOTO TOHYCY, PEOJIOTi4HO-
ro cTaHy KpOBi, IJIa3MOBOTO Ta TpOMOOLIHUTAp-
HOTO reMocTa3y 0epe akTHBHY y4acTh CUCTEMa
NO. Enorennunit NO € crIbHEM HEHPOTCHHUM
Ba30JMJIATATOPOM, SIKUH y (Pi3i0m0TiYHUX
yMOBax TajJbMy€ arperaimir TPOMOOIHUTIB
Ta niMmdonuTapHO-TpOMOOUHUTApHY anresiio,
nigBumye QiOpUHONITUYHY aKTUBHICTH Ta
MATPUMYE KOATYISIIIHHAN TMOTEHITial KPOBi
[6, 7]. Bynp-ski BigxuneHHs y npoxykmii NO
Ta aucOanaHc aKTUBHUX (QOpPM a30Ty MOXYTb
BiZoOpakaTucs Ha CTaHi TeMocTasy, M0 IPOosiB-
JA€THCS MOPYLICHHSMH KOAryJslii, IHPOKUM
CIIEKTPOM TPOMOOTHYHUX ab0 TeMopariyHuX
YCKIIAAHEHD MPHU MATOJOTITHOMY Tporeci [8,
9]. IIposiB 3axKUcHOT a00 MOIIKOKYBaJIbHOT ii
NO noB’s3yI0Th 3 YTBOPEHHSM BEJIMKOI Kijlb-
KOCT1 IPOJYKTiB HOr0 MeTab0IIi3MYy, SIKi MalOTh
pi3Hy Oionoriuny akTuBHICTG [10]. Huni 9iTkux
ySIBIIEHb CTOCOBHO BIUIHBY IIi€i MOJIEKYNH Ta il
MeTa0oIITiB HA MEXaHI3MH T€MOCTa3y HEMAE,

VY poszsutky I/l Ta iioro cepreBo-CyquHHUX
YCKJIaJIHEHb Ba)KJIUBY POJb BiJirpaloTh 3MiHH
obminy NO, ane nmiteparypHi JaHi mono ix
XapakTepy Ta B3a€MO3B’SI3KYy 3 MOPYIICHHIMH
CHCTEeMH IeMOCTa3y € HeoaHOo3HauYHuMH [9, 11,
12]. AKTyaqbHUM 3aJINIIAE€THCS TMOUIYK aHTH/II-
abeTHYHUX 3aC00iB, AKi O MO3UTUBHO BILIUBAIHN
Ha reMOoCTa3, Ta BU3HAUCHHS MEXaHi3MiB TaKOro
BUAYy iX Aii. B npomy HampsmKy IocCHiIKeHb
MEePCIIEKTUBHUMH € TOXiHI OypIITHHOBOI KHC-
gotu. OCTaToOuHO HE 3’ 5COBAHO OCOOJIMBOCTI 1X
BIUIMBY Ha MeTabomizm NO Ta cran TpomMbonIH-
TapHO-KOAryJSILIMHOT0 TeMOCTa3y 3aJIeKHO Bif
JI03 Ta TPUBAJIOCTI EKCIIO3HIII.

MeTtoro po6oTH Oyi0 JOCHIIUTH TOKa3HUKH
Merabomnizmy NO Ta craHy remocrtasy, B3a€Mo-
3B’SI30K MK X 3MiHAMH 32 YMOB BBEICHHSI IITypam
2-T'DCA Ta B-OPECA y cyOTOKCHYHHX J103aX.

ISSN 0201-8489 Dision. scyph., 2016, T. 62, Ne 6

METOJIUKA

Hocninu npoBenero Ha 96 0inux Oe3MOPOTHUX
mypax-camisx macorw 190-210 r. JocaigHum
mypam BBoamin 2-I' ®CA ta B-OECA (mepo-
panbHO; 30-pa3oBo) y BUIJIAII BOJHOI eMYJIbCil
3 TBin-80 y cyOTokcnuHuX mo3ax 68 1 72 Mr/kr
BianoBiaHo. IX 1031 po3paxoByBamy sK eKBi-
MoJisipHi cyOTOokcHuHid st B-OEA-OCAK,
sika ctaHoBUTH 100 mr/kT. KOHTpONBHI TBapWHU
OTpUMYBaIld BOAHY eMyinbcito TBiH-80. TBapun
JEKaIiTyBaJH i JIETKUM e(hipHUM HapKO30M Ha
nepIy K00y Mmicist 3aBEPIICHHS eKCIICPUMEHTIB.
KosxHa mocnizHa Ta KOHTPOJIbHA Ipyla Hapa-
XoByBaja 1o 8 tBapuH. [loka3HHKH remMocTasy
BH3HaYalIM y Miaa3Mmi KpoBi, meTabonizmy NO
— y ma3Mi KpoBi, cedi Ta TOMOTEHATI IMEeYiHKH.
JlocnipkeHHS BiANMOBiAaln «3araJbHUM €THY-
HUM OPUHIUIIAM €KCIEPUMEHTIB Ha TBApUHAX»
(Vkpaina, 2001).

Cran TpoMOOIMTapHOI JIAHKH TeMOCTa3y Olli-
HIOBAJIM BU3HAYCHHSM 4acy arperaiii Tpom0o-
[ATIB MIPY 3MIITyBaHHI piBHUX 00’ €MIB TUTa3MHU
KpOBIi Ta yHIBEpCaJbHOTO 1HAYKTOpa arperamii
3T1IHO 3 IHCTpYKIi€eto 10 Habopy dipmu «Tex-
Honorig-crangapt» (Pocis). [Iponec koarymsiii
BHUBYAJIN 3aTaJIbHONPUIHATUMHU Y T€MOCTa310510-
rii MeToJjaMu BU3HAYEHHS: aKTHBOBAHOIO Map-
ialbHOTO TpoMOOMmIacTuHOBOrO yacy (AIITY),
yacy pekanbludikanii, 4acTKOBOro TpomMooIuia-
cruHoBOTO yacy (UTH), mpoTpoMOiHOBOTO Yacy
3 PO3paxyHKOM IMPOTPOMOIHOBOTO BiTHOIIEHHS,
TpoMmbiHoBOrO yacy. Yac pekanpuudikamii Bu3-
HayaJl MaHyaJlbHO YHI()IKOBAaHHM METOJIOM
[13], iami moka3uuku — Ha koarymnomeTpi Coag
Chrom 3003 (ITompmra) Habopamu dipmu «Tex-
Houorisg-ctanaapt» (Pocis).

Cran meTtabonizmy NO oliHIOBaIM 3a BMiC-
toM HiTpuT- (NO,) Ta HiTpar-anionis (NO;)
y mia3Mmi KpoBi, ceui ta 5%-mMy romoreHari
MEYiHKH CIIEKTPO(POTOMETPUUYHUM METOAOM 32
nomomoroto peakiii I'picca [ 14]. Konnenpartiro
NO," i NO;" Bupaxanu y Mikpomonsax Ha 1 iy
IJ1a3Mi Ta cedi, HAaHOMOJISAX Ha 1 MT MpOTEiHy —
y romoreHari nedinku. AktuBHicTh NOS (KO
1.14.13.19) Busnavanu y 10%-my romoreHari
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MEUYiHKU 3a MBUAKICTIO okucHeHHsS HAJ[DH
y peakuiHiit cymimi: 2,5 ma 0,1 monb/a
tpic-HCl-6ydepa (pH 7,4), axuit mictus CaCl,
— 10 mmomw/m; 0,3 MIT BOOHOTO PO3YMHY apri-
HiHy — 40 mMomnb/m; 0,1 MJI BOTHOTO pO3YHHY
HAI®H — 1 mMonb/n. [o peakiiitHoil cymimri
nonaBanu 0,1 mi romoreHary nedinku [15].
Peakuiro 3amyckaiu BHECEHHSIM y peakuiiiHe
cepenosumnie 1 mmons/n HAJIDH, 3aranpHuii
00’em mpobu OyB 3 Mul. Y KOHTPOIBHI IpoOH
3amicth po3unny HAJI®H nomasamu 0,1 ma
O1aucTHIILOBAHOT BOJU. PeecTpyBau 3HNIKEHHS
abcopbuii gocaigHux mpoO, SKi BUMIproBalu
1040 KOHTPOJBHUX HA CHEKTPOodoTOMETpi
Shimadzu UV-1800 (Sfmownist) mpu A=340 M
(makcumym mornuHaHHs HAJI®H) mporarom
5 xB ipu 37° C. AxtuBHicTs NOS BHpakanu y
Hanomossix HAJI®H 3a 1 xB Ha 1 Mr mporeiny.
BwmicT Oinka y roMoreHari ne4iHKy BH3HAYaJIN
meroaom bpendopnaa [16].

CraructuuHy 00poOKy pe3yabTaTiB MpoOBO-
WA 32 TOMTOMOTOI0 ITakeTa mporpam Anova.
HopmanpHicTh po3moainy B psaax BHU3HAYAIH
3a kputepiem llanipo-Yinka (W). das map-
HOTO MOPIBHSHHA TPYH JIOCIiTy 3 KOHTPOJEM

BUKOPHUCTOBYBaiu Kputepiii t CThrofeHTA.
Pesynbratu npencraBieHi sk cepeaHe apudme-
THYHE Ta HOTO CTaTUCTHYHA TTOXHUOKa F)?iSf)
Kopensuiitanii aHani3 MOKa3HUKIB MPOBEICHO
MeTomoM I[lipcoHa 3 obuncieHHsIM KoedimieHTa
napHoi kopessnii (r). BiporiiHuMu BBakaiu
pe3yabratu npu P<0,05 Ta 01u3bKUMU 10 CTa-
TUCTUYHO 3Hauymux npu 0,05<P<0,1.

PE3YJbTATHU TA IX OGTOBOPEHHSI

OuiHIOBaHHS CTaHYy TPOMOOUHMTAapHOI JTaHKHU
remMocTasy nokasaio, mo BB -OECA y cy0-
TOKCHYHIH 1031 XapaKTepU3yEThCA TEHICHIII€I0
70 CKOpOYEHHS yacy arperanii TpoMOOUHUTIB
(0,05<P<0,1), Toxi six 2-I'DCA He BUKIIUKAE 3MiH
MOKa3HMKa y T1a3Mi KpoBi mrypis (tads.1). 3ria-
HO 3 paHiie orpuManumu fanumu [17], B-OECA
3MaTHUH MiABUNTYBATH arperamiiHy aKTHBHICTh
TpOMOOLIMTIB 1 32 YMOB HOT0 3aCTOCYBaHHA Y
no3i 18 Mr/kr, sika ekBiMousipHa e(heKTUBHIHM 1T
B-®EA-OCAK (25 mr/kr), ane 1i 3MiHHA HE BU-
XOIATH 32 MeXi (Pi310JI0TTUHOT HOPMHU IS LTYPiB
Ha BIIMiHY BiJl CyOTOKCHYHOI TO3H.
BpaxoByroun HaBeJeHi pe3yiabTaTH, CIij
3a3HaunTH, MO0 B-OECA i 2-T'®CA HE MOXYTH

Taomuus 1. [Toka3HUKH cTaHY TPOMOOLMTAPHOIO Ta KOATYJSILIHOr0 reMocTa3y y IypisB 3a yMOB cCyOXpOHiYHOI0

BBeeHHs B-enigermicykunnaminy (B-®ECA) i 2-rizpoxndenizcykuunaminy (2-I'®CA) (X + Sx, n=8)

Iloka3auk Koutpons 1 B-©ECA Koutpons 2 2-T'dCA
Yac arperaiiii TpOMOOIUTIB, C 14,6 £ 0,8 12,4 +£0,8** 20,0 £ 0,7 20,8 £1,7
(85,0 £ 2,6) *** (103,0 = 5,6)
AKTHBOBaHWH MapiiaabHUH
TpOMOOIIACTHHOBHUH Yac, ¢ 55,0 £4,6 50,8 £2,3 43,4+ 1,6 40,0 £ 2,6
(94,3+3,9) (94,2 +£3,9)
YacTkoBUN TPOMOOTIIIACTHHOBHI
yac, ¢ 126,0 + 6,4 102,9 + 4,0* 121,1 £6,2 116,0 £ 6,1
(82,3 +£2,8)%** (96,1 £2,7)
Yac pexanpnudikarii, ¢ 1519448 1329 +23%* 93,1+50 1194 + 6,8%
(89,0+0,5) (1282 £1,7) ***
[IporpombiHOBHIi Yac, ¢ 23,4+ 14 21,5+ 0,2 25,1 +£0,6 21,9 +£0,3*
(91,9 +1,0) (87,1 £1,2) ***
IIpoTpomMOiHOBE BiHOIIEHHS 1,43+0,09 1,32+0,01 1,54+£008 135+£002*
TpombiHOBHIf Yac, ¢ 16,5+23 11,0 £ 0,8* 18,0+ 2,8 15,1+ 1,9
(76,4 £ 3,1)*** (86,6 +2,9)

[pumitku: TyT i B Tabdn. 2 * P<0,05 1 ** 0,05<P<0,1 mopiBHsHO 3 KOHTposeM; *** P<(0,05 1 **** (0,05<P<0,1

3HAYYMIICTh BigxwmieHHs 3HaueHb npu BBeaeHHI B-OECAi2-[D®CA; y mykKax — y BiICOTKaX 10 KOHTPOJIO.
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BIUIMBATH HA aHTHArperamiiHy akTHUBHICTB X
BUXITHOT CIIOJYKH BITHOCHO 10 TPOMOOIIMTIB
MJ1a3MHU KpoBi, HasiBHICTB sikoi y B-OEA-OCAK
OyJI0 BCTaHOBJICHO Yy MOMEPEAHIX EKCIIepUMEH-
tax [18].

AHaui3 Koarynorpam mrypis, siki i30J1b0BaHO
orpumyBanu B-OECA i 2-I'®CA y cyOTOKCHY-
HUX JI03aX, IMOKa3aB, M0 XapakTep Ta CTyIiHb
3MiH TIOKa3HUKIB, [0 BU3HAYAKTh Pi3HI (a3u
MpoIeCy KOoaryJisilii, 1emo BiApi3HAOTHCS Mik
JIOCIIJUKEHUMU CITOyKaMu (nuB. Ta0xd. 1).

3a ymoB cyOxpoHniuaoro BBefeHH B-DECA
BiIMIYEHO BipOTiJHE CKOPOUCHHS JaCy peKaIb-
nudikamii nia3Mu, sike BKazye Ha TPUCKOPEHHS
npouecy 3ropTaHHs KpoBi y wizomy. 3MiHH
Koarynsuii crocyiorscs (aszu 1 ta Oinpmioro
Mmipoto IIl mporo mporecy, mpo mo CBIAYUTH
Biporimae 3meHmeHHss UYTU ta TpomOiHOBOTO
yacy mia3mMu KpoBi (Ha 18 i 24% BiamoBigHO).
Bigomo, mo UTU, ax i AIITY 3anexuts Bix
AKTHUBHOCTI MJa3MOBUX (haKTOpiB, siKi OepyThb
y4acTh Yy BHYTPILIHBOMY MeXaHi3Mi reMokoa-
rymsamii (dbakxropis X1, XI, IX, VIII), ane Ha
BimMiny Big AIITY me#t moka3HUK YyTIAUBUN 10
KiTBKOCTI TPOMOOIIUTIB Ta aKTUBHOCTI TPOM-
ooumraproro ¢pakropa 3 (Td,) — karamizaropa
nporpombiHoyTBOpeHHs [ 19]. Cxopouennst UTY
npu BincyTHOCTI 3MiH ATITY Moro BinOyBarucs
y IJa3Mi KPOBi 3 MiABUILEHOIO KiJIBKICTIO TPOM-
oomuTiB. CKOpOYEHHS TPOMOIHOBOTO Yacy 3Ha4-
HOIO MipOI0 BU3HAYAETHCS 301TBIIICHASM BMICTY
¢i0puHOTEHY Yy T1a3Mi KPOBi. AHAJIOT14HI 3MiHU
bOTO MOKAa3HUKA 3apEeECTPOBAHO Y MOMEPEAHIX
JOCIIKEHHSX, B IKMX CIIOJYKY BBOAMIIU LIypaM
y n03i 18 Mr/kr, aje i 3pyHIeHHS 3HAXOMH-
nuch y Mexax (iziomoriunoi Hopmu. HaBeneni
pe3ynbpTaTH CcBigUaTh MPO TE, MO METAOOIIT
B-®EA-OCAK 3parHuii miaBUIIyBaTH Koary-
JISAMIAHUN MOTEHINial TJ1a3MHU KPOBI 338 paxyHOK
CTUMYJISILIT CyIMHHOTO MeXaHi3My (HOopMyBaHHs
npoTpoMOiHa3H, a TAKOXK 301TbIISHHS IIIBUIKO-
cTi hiOpUHOYTBOPEHHS, MIOCYTTEBO MOB’ I3aHO 3
AKTUBHICTIO (HiOpUHOTEHY.

Ha Binminy Big B-®ECA, Bmus 2-TOCA
Ha CTaH KOAryJsIiHHOTO reMOCTa3y MpOsBIsi-
€ThCSI, HaBIaKH, MOJOBXKEHHAM y 1,3 pa3a gacy
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pexanpuudikanii muasmu (P<0,05), mo Bkasye
HAa CIIOBIJIbHEHHSI 3rOPTaHHsI KPOBi, HepeBaXkHO |
(as3u mporiecy. Bracminok aii iporo MmetabomiTy
CKOPOUYETHCS MPOTPOMOIHOBHH Uac i 3MEHITY-
€Thcst TpoTpoMOiHOBe BiiHOMIEeHH: (P<0,05), 1o
30iraeTbcs 3 HaPSIMKOM 3MiH IIMX TMOKa3HUKIB
Ha piBHI 103U 17 Mr/kr [17] Ta Bimazepkairoe
IHTCHCUBHICTh MpPOILECY YTBOPECHHSI aKTHUBHOI
NpoTpoMOiHa3¥W 30BHINIHIM (ITO3aCyAUHHUM)
nuissxoMm. [Ipote 2-I'CA He BrutMBae Ha iHTCH-
CUBHICTB KiHIIeBOT (ha3u KOAryJsilii, BpaxoBy0O-
YH BiJICYTHICTh 3MiH TPOMOIHOBOTO Yacy IIa3MH
KpoBi (auB. Tabm:. 1).

TakuM 9MHOM, TOCHIIKEeHI CyKIIMHAMIIH Y
CyOTOKCHYHHUX JT03aX BUKIUKAIOTE Pi3HOCIIPSIMO-
BaHi 3MiHM 4acy pekanblmdikaii, siki Bimodpa-
KAIOTh B OCHOBHOMY iHTEHCHBHICTh IIEPBUHHUX
peaxiii koarynsmiiHoro kackamay. OmHak Jist
B-®ECA na nna3mMoBui remocTa3 OiJIbIIOIO
MipOIO TPOSIBISETHCS MPUCKOPEHHSIM 3TOPTaHHS
KpoBi Ha etari ¢popMyBaHHS (GiOPUHOBUX HUTOK,
a 2-T'®CA — cTuMyIIAIi€I0 30BHINTHBOTO MUISXY
koaryssnii. Taki B aKTHBHOCTI METa0OJIITIB
B-®EA-OCAK, HanieBHO, MO3HAYAIOTHCS Ha JTiT X
BHX1IHOT CITOJYKH IIO/I0 KOATYJIALIHHOTO TeMOC-
Ta3y B yMOBax ii BBEJIeHHS Yy CYyOTOKCHYHIN J03i.

Iimepxoarynsiiiai 3pyIieHHs, ki BigOyBa-
JIACSI TMiJ] BIUTUBOM JIOCJIJKEHUX CYKIIMHAMIJIIB
(3 o3HakamMu axkTuBamii arperauiinoi QyHKmii
TpoMOoOUHMTIB 3a ymMOB BBegeHHs B-DECA),
OYEBUIHO, MOXKYTh OyTH TOB’sI3aHi 31 3MiHAMHU
y cuctemi NO-NOS. /s ninTBepaKeHHS 1[bO-
ro MPUNYIIEHHS MapajieilbHO 3 AOCIHIJIKEHHSIM
CTaHy reMocTa’y BU3Hauallu MmokasHuku NO-
oOMiHYy y m1ypiB, siki 3a3Hanu BIUiuBy B-OECA
ta 2-'®CA. Bcranosneno, mo B-OECA y
CyOTOKCHYHIHN /1031 3MaTHUI TaIbMyBaTH MeTa-
6oiism NO, 10 XapaKTepU3y€ETHCSI 3HIKCHHIM
y 1,5 paza aktuBHOCTi NOS, Ha 19 1 18% BM™MicTy
NO, i NO;" y neuinui ugypis (tabm. 2). Bmict
MeTabo1iTiB NO y MediHIli 3HHKY€ETHCS TTOB1Thb-
Hilre, HiXK akTUBHICTE NOS, 3aBAsSKHU, OUEBUIHO,
MOKJIMBOCTI 1X 4aCTKOBOI'O BiJIHOBJICHHS Yy Hi-
TPUT-/ HITpaT-peAyKTa3HHX PEaKLisiX 3aMKHe-
HoTO UKy 00MiHy NO abo 3a paxyHOK iHIIUX
KOMITICHCATOPHUX MEXaHi3MiB, 10 30iraeThes 3
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icHyrounMu ganumu [20].

3a gii 2-T'OCA i B-OECA 3apeecTtpoBaHO
sumkenHs BMicTy NO, 1 NO;™y nmuasmi Kposi
Ta cedi, Mo OiTBIIOI0 MIPOIO TPOSBISETHCS i
BIUIMBOM TIEpINOi crmoinyku (auB. Tadm. 2). Li
3MiHH y pa3i B-OECA neBHHM YWHOM 3yMOBJICHI
iHri0yBaHHsM KOHCTHTYTHBHOI NOS mediHku,
aje oOuaBa CyKIMHaMiau, HMOBIpHO, € iHTi0i-
topamu NOS eHJIOTeNif0 CyauH Ta TPOMOOIU-
TiB, AKi MOXYTh TanbMyBaTu yTBOpeHHsS NO,
a TaKOX BHCOKOTOKCHYHOTO TIEPOKCUHITPHTY,
KWW BBKAIOTH MPOAMTONTOTUYHUM (DAKTOPOM.
Ha Bmict MmetabomitiB NO y ma3zmi KpoBi Moxe
MMO3HAYaATHCS 3/1aTHICTh BUCOKOpeakIliiHoro NO
BCTYIATH Yy B3aEMOJIIO 3 TiOJ- T TEMOBMICHUMH
CIIOJIYKaMHU 3 YTBOPEHHSAM OiMbII cTaOiTBHUX
TpaHCIOPTHUX (OpPM Ta MomaNbIIUM HOTO Je-
MOHYBAaHHAM y TKaHWHax [21].

BcTanoBneno, 1mo 3a BIJIMBY JOCIHIIKEHUX
CYKIMHAMIJiB CYTTEBIIIE 3HMKYETHCS BMICT
NO,", uix NO;” y miasmi KpoBi, a KpiMm TOro
00UaBa MOKA3HUKH OiTbIIIe 3HUKYIOTHCS y cedi
MTOPIBHSIHO 31 3HAYCHHSIMH Y TIJ1a3Mi KPOBi (IUB.
Tabx. 2). Biromo, mo came Bmict NO, "y mnasmi
KpPOB1 3HAYHOIO MIpOIO 3aJICKHUTH BiJ CTyHEeHs
akTuBHOCTI eHporenianbHoi NOS (eNOS) Ta €

MPOMOPUIHHUM 3arajJbHOMY €HAOTENIialbHOMY
cunte3y NO, Ha BiAMiHYy BijA i1HIIMX HOTO Me-
tabonitiB. NO,” € peakuiiHOCIPOMOKHIIIUM,
Hix NO,7, 1 TOMy 3amy4eHuid y MHPOKE KOJIO
MeTa0OoJTIYHIX TTePETBOPEHB, IO TaKOXK MO3HA-
Ya€eThCS Ha OINBIIOMY 3HMIKEHHI HOTO BMICTY
[22]. Ha Bmict NO, i NO;" y mosakniTuHHi#
piaMHI MOXe BIUTMBATH HE TUTbKH IHTCHCUBHICTD
npoaykuii NO, a i TeMnu HUPKOBOTO KIIiPEHCY
[23]. Y HamuxX JOCHIKEHHSX TalbMyBaHHS
Temnis cevoBoi ekckpenii NO, 1NOj;", iimoBip-
HO, IIOB’S13aHO 3 MOCHJIEHHSAM X KaHaJbLEBO1
peabcopOuii mepeBakHO y MPOKCUMalbHOMY
CerMeHTi HeQpoHy, MO 3amobirae CyTTeBid
BTpari opranizMmom Metabonitis NO. Takuii Bux
AKTHUBHOCTI, SKAH OB’ A3aHUH 13 CTUMYIAIIEIO
BHYTPIITHHOHUPKOBUX MEXaHI3MiB perymismii
cucteMu NO-NOS, € OibI1 BUpaKeHUM 3a Aii
2-I'®CA nopisusino 3 B-OECA.

TakuM YUHOM, HOCITIKEHI CYKIIMHAMIIN Y
CyOTOKCMYHHUX [03aX BUKJIUKAIOTh 3HMKCHHS
BMicTty MmertaboiitiB NO B opranizmi. Ha me
MOXYTh BIJIMBATH, 30KpeMa, akKTUBHI (popmu
KHUCHIO, SIKI TEHEPYIOThCS MPHU MiJBUIECHHI aK-
THBHOCTI JUXaJbHOTO JIAHIIOTAa MITOXOHJPIii.
Taki B3aeMomnoB’A3aH1 3MiHM BCTAaHOBJICHI 3a

Taouuus 2. [Tokaznuku crany cucreMu NO-NOS y uiypiB 3a yMoB cyOXpOHI4HOI0 BBeleHHsI B-(heHiJIeTUICYKIHHAMILY
(B-PECA) i 2-rinpokudenincykuunaminy IT®CA)( X + Sx, n=8)

[TokazHHUK | Kontpous 1 | B-®ECA | Kontpous 2 | 2-TOCA |
Tleuinka
NOS, amMonp/xB-Mr poreiny 5,15 £ 0,75 3,48 £ 0,43** 3,73 £0,34 3,09 +£0,37
(66,8 £ 7,5)**** (82,1 £4,4)
NO,", HMOJIB/MT TIpoTeiny 40,7 £ 2,8 33,4+ 3 2%* 35,0+2,6 295+23
(81,2+2)9) (84,5 +£2,3)
NOy, HMOJIB/MT IPOTETHY 60,1 +4,1 50,0 £ 4,6%* 51,8+3,7 40,0 £ 6,5
(82,3 +2,7) (86,5 +2,0)
[Tna3ma kpoBi
NO,", MKMOJIB/71 4,82 +0,26 3,40 £0,29* 8,28 £ 0,41 4,07 £0,52*
(70,4 + 2,6) (50,8 £ 4,9)***
NO;", MKMOITB/TT 14,0+ 0,5 11,4 £0,5* 19,5+ 1,2 12,6 £ 1,0*
(80,9 +1,2) (65,5 + 3,7)***
Ceua
NO,", MKMOJIB/1I 8,79 +£ 0,37 4,14 £ 0,66* 10,2+ 0,4 2,97 £ 0,34*
(50,3 +£5,0) (28,7 £ 2,3)%**
NO;", MKMOIB/TT 522+1,6 32,5 +3,0% 59,7+ 1,9 27,3 +£1,5*%
(62,3 +4,0) (45,5 £ 1,2)%**
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nii B-OEA-OCAK, sikuii 31aTHUN CTHMYIIOBATH
AKTUBHICTh LIUTOXPOM-C-OKCHIA31 MITOXOHAPIH,
nocnabntoBatu akTuBHicTh NOS, crnpusoun
3MeHIIeHHIO BMicTy MeTabomitiB NO y mira3mi
KpOBI, ceui Ta TKaHuHI euinku [24]. HemocTart-
Hi#t cuaTe3 NO, y CBOI 4epry, IPU3BOJIUTH 10
BIIbHOpAIMKaJIBbHOTO YIIKOJKEHHS MeMOpaH
KJIITHH, II0 MOXe OyTH OJIHUM 13 MEXaHi3MiB
PO3BUTKY aTepoCKIEpO3y.

Sk BimoMo, ocHOBHA poib NO moB’s3aHa
3 Ba3oJuIIaTalli€lo, TajJbMyBaHHIM arperamii
TPOMOOIMTIB, 1X ajare3ii 1 MOJINIICHHSIM pPeo-
JIOTIYHUX BIACTHUBOCTEH KPOBi. 3HMIKEHHS KOH-
nentpaiii NO, HaBaKku, MOXe MPU3BOJAUTH 0
Ba30KOHCTPHUKIi{, MOCWJICHHS arperaiii Tpom-
OOIMTIB Ta BIIBHOPAIUKATBHOTO OKMCHCHHS
[12]. ¥ pasi nii B-©ECA niiBUIIEHHS CTYIICHS
arperaiii TpoOMOOIMTIB, OYEBUIHO, TICBHUM YH-
HOM 3aJIe)KUTh Bix npurHiueHHsaM cuHTe3y NO.
Bcranosneno, mo NO € akTHBaTOpOM pO34MHHOL
T'yaHUIaTIIMKIIa3H, KA KaTalli3y€e CHHTE3 IIUKJIIi4-
HOTO TyaHO3WHMOHOGochaTy. 3a yMOB HA3BKOT
koHI[eHTpalil NO 3HHXYEThCS HOTO BMICT y
TpOMOOIMTAX, IO MOXE MPU3BOAUTH A0 IO-
CUJICHHSI MeTa00J1i3My apaxiJToOHOBOi KHUCJIOTH,
YTBOPEHHs TpoMOOKcaHiB A,1B,, Hakonn4eHHs
KaJIBIlIFO Y KITITHHAX 1 aKTUBaIlii TPOMOOIHTIB.
Kpim Toro, miiBUIIy€ThCSI aKTUBHICTH MPOTETH-
kinasu C, sixa pochopmirroe HU3Ky O1TKiB Macor0
2040k/la, THM CaMUM CTUMYIIIOIOYM aKTHBHICTh
TPOMOOIIMTIB Ta MOCUJIIOYH 1X arperaiiro [11].

3menuienns Bmicty NO,” i NO;™ moxe cy-
MPOBOJDKYBaTHCS OyPpepHUM HakomHIeHHSIM NO
B S-HITpO30TiONaX Ta TUHITPO30JIbHUX KOMILIEK-
cax 3ajiza 3 CIpKOBMICHHUMHM JiraHgaMu. Y TBO-
PEHHS TAKUX KOMIUIEKCIB MOTNEepPe/Ka€e TOKCUYHI
eQeKTH MEePOKCUHITPUTY, SIKUH YTBOPIOETHCSA
npu B3aeMoAii NO 3 cynepoKCUIHUM paJnKaioM
3a YMOB MiIBUIIIEHOTO BMiCTy OCTaHHBOTO [21].

Binomo, mo NO perynroe mporec koary-
nA1ii, TOMy 3HW)KEHHS HOro BMICTy HAamleBHO
CIIpHsi€ TIJBUIICHHIO KOATYJIALMIAHOIO MOTEH-
miajgy IMjia3Mu KpPOBi, O3HAKU SIKOTO BUSBIICHI
MIPU 3aCTOCYBaHHI JOCIIKEHUX CYKIIMHAMIIiB
y cyOTOKCHYHUX J03ax. JloCmiIIKeHHIME OCTaH-
HiX POKiB BCTAaHOBJICHA POJIb MEeDIITUTY OKCHUIY
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a30Ty Ta MOPYIIEHb KOAryJasiiHOTrO JaHIIoTa
reMocTasy y ¢opMyBaHHI IedKuX (opM maro-
JI0Ti11, 30KpeMa y MexaHi3Max PO3BHUTKY Liepe-
OpanbHUX MOPYIICHBb Ta IMIEMITHOTO 1HCYIBTY.
Bin3nauanu 3HMKEHHS TPOMYKITil HITPUT-aHIO-
HiB OJTHOYACHO 31 CKOPOUCHHSIM Yacy 3rOpTaHHS
KpoBi, yacy pexanpuudikanii ta YTY, mo, B
CBOIO YePTYy, CIIPHUSLIIO PO3BUTKY TpomO03y [10].

Jnst cucteMHOro BimoOpajkeHHS B3a€MO-
3B’s3KiB OKa3HUKIB MeTabomismy NO Ta remoc-
Tazy, SKi 3SMiHIOBAJIHCH B YMOBaxX CyOXpOHIYHOTO
BBEJICHHSI MOXIAHUX OYPIITHHOBOI KHCJIOTH,
MPOBEICHO MapHUN Kopeasauiiinui anamnis. s
BunBy B-DOECA xapaktepHa npsiMa KOpessiiii-
Ha 3aJIeKHICTh M)XK CKOPOUYCHHSIMH Yacy peKajb-
nudikamii ra YTY (r=0,73). AxtusHicts NOS
Ma€e 3BOPOTHHUM 3B’SI30K 13 CTyIeHEM arperarii
Tpom6ouuTis (r=-0,7). 3umkenns micty NO,",
NO," ra aktueHocTi NOS y nedinui 4acTKoBO
OB’ sI3aHi 3 MiABUIIEHHIM KOAryIsLiHHOTO 1O-
TEHI[ially TUIa3MH KPOBi Y BUTIIAII CKOPOUYCHHS
UTY (r=0,65, 0,65, 0,66). 3a aii B-PECA xoedi-
IIEHT MAPHOI KOPEJISIii € MPSIMUM MiX BMiCTOM
NO, i NO;"y nnasmi KpoBi Ta IOKa3HUKAMH Te-
MOCTa3y: 4acoM arperaiii TpoMOOIUTIB, YacOM
pekanpuudikamnii Ta TpoMOiHOBUM YacoM (=0,06
10,66;0,6610,65,0,6710,67), mixk BmMmicTomM NO, iNO;
y ceui Ta YTY mmaszmu kposi (=0,7110,7;0,710.7).
Bwmict NO, iNO; IeuiHKH KOPETIOE 3 aKTUBHICTIO
TPOLIECIBIX peadcopOIii HUPKOBUMHU KaHAJIBIISIMH,
10 BitoOpakae 3HAYCHHS LIMX TIOKa3HHKIB y ceui
(=0,761-0,76; -0,751-0,75).

3a BnauBy 2-I'@CA BcTaHOBJIEHa HpsMa
KOpeINsAIiiiHa 3aJe)KHICTh MiXK 3HHKCHHIM
smicty NO, i1 NO; y nuasmi KpoBi Ta JesiKUMH
MOKAa3HUKAMHU KOATYJSIii: CKOPOYEHHSIM MPO-
TpombiHoBoro vacy (r=0,7210,71) Ta 4acTKOBO
MOIOBKEHHIM yacy pekanbuudikanii (r=0,67
i 0,67), AKi TaKOK KOPENIIOTh MikK c000r0. Y
MEYiHI Jemo 3HWXKYETbCA akTHBHICTE NOS
(maitbxe HA 20%), 0 ogHAaK AO0OpE KOpETIoE
3i 3MeHmenHaM Bmicty NO, i NO;™ nnasmu
kpoBi (=0,77 1 0,76), a Takox BijoOpax)aeThCs
Ha CKOpPOYEHHI MPOTPOMOIHOBOTrO Yacy IJIa3MH
kpoBi (r=0,71). BcTaHOBIEHO TIpsIMy KOpeJisi-
uiiiny sanexuicte BMicty NO,” 1 NO; y ceui
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BiJl 3HaUYCHb LIMX TMOKA3HUKIB y MJia3Mmi KpoBi
(=0,7310,73;0,7410,73), a TaKOK YaCTKOBHUI 3B’ 130K
MOCHJICHHS KaHAJIbI[eBO1 peabcopO1Iii y HupKax
3 TIOJTOBXEHHAM Yacy peKadbnudikaiii miazmMu
kpoBi (r=0,66).

3 omsily Ha OJepiKaHil Pe3yNbTaTH MOXKHA
KOHCTAaTyBaTH, L0 MOXiAHI OypIITHHOBOI KHC-
notu: B-OECA 12-I'DCAy cyOTOKCHYHUX A03aX
BUKJIMKAIOTh 3HWKEHHS aKTHBHOCTI CUCTEMH
NO-NOS, mo cympoBOIKYETHCS 3MIHAMH Y
CHCTEMi TeMOoCTa3y.

3a ymo0B cyOxpoHiuHoro BeejicHHs B-DECA
3HIKYETHCS akTHBHICTh NOS meuinku, 1mo nes-
HOIO MipOI0 TTO3HAYAETHCS Ha 3MEHIIIEHHI BMICTY
NO, i1 NO,"y nedinui, a TaKoXk y 1iasmi Kposi.
Pa3zom 3 1M 3HIKEHHS BMicTy MeTabomiTiB NO
y MeUiHIli BinOyBa€THCS MOBITBHIIIE, Hi’K aKTHB-
mocti NOS, 3Bakaroun Ha MOKJIMBICTE 1X 4acT-
KOBOTO BiJTHOBJICHHS HITPUT-/HITPATPEyKTA30k0
a00 3a paxyHOK aKTHBallii iHIIUX KOMIIEHCATOP-
HUX MeXaHi3MiB. 3a BiuBy 2-I'@CA 3HMKEHHS
Bmicty NO, 1 NO,™ y muasmi KpoBi € Oiibm
BUPAXKEHUM TOPIBHIHO 3 OJTHOCIPSIMOBAHUMHU
edexramu B-OECA Ta neBHUM YHHOM TIOB’s13a-
HO 3 akTuBHICTIO NOS, 1110 Hapa3i 3HIKYETHCS
MeHI icToTHO. OTXe, B YMOBaxX BBEACHHS 3a-
3HAYEHUX CYKIIMHAMIJiB 3MEHIIECHHS BMICTY
MeTtabouitiB NO y mediHmi Ta mira3Mi KpoBi
3aJeXUTh Big akTuBHOCTI NOS mediHKH.
[Ipore Ha meTaboai3m NO, IMOBIpHO, MOXKE
BIUIMBATH 3HUXKEHHA akTUuBHOCTI NOS eHpgo-
TEeNil0 CYyAWH Ta TPOMOOIHUTIB, MOPYLICHHS
AHTHUOKCHJAHTHOTO 3aXHMCTy Ta MiJABUINEHHS
IpOAYKIlii BUTBHUX paguKaliB, IO BH3HAYAE
aKTyaJdbHICTh MOJAJBIIUX MOCHIIXKEHDL Y
ObOMY HamnpsMKy. BusiBiene ranbMyBaHHS
TEeMIIiB ce4oBoi ekckpelii merabonitie NO,
gKe 3armobirae ix BTpaTi OpraHi3MoMm, € KOM-
MEeHCATOPHOI peakIielo Ha 3HUIKEHHS iX
BMICTY B OpraHi3Mmi.

BcTaHoBieHO, 10 32 YMOB 3aCTOCYBaHHS
MOX1THUX OypIITHHOBOT KUCIOTH Y CYOTOKCHY-
HUX J103aX IJBHINYETHCS KOATYISALMIHHUN TO-
TeHIliall 1mia3Mu KpoBi, 3a aii B-OECA Takox
MMOCUJTIOETHCST arperariss TpomoorutiB. [IpoTe
CTUMYINIOBaJIbHA Jif WX CIOJYyK Ha Koary-
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JIALIMHANA TeMocTa3 Mae€ AesKl BIJMIHHOCTI.
B-®PECA axTuBy€e BHYTPIIIHBOCYIUHHHH Me-
XaHI3M yTBOPEHHS MPOTPOMOiHA3H Ta MPHUCKO-
proe ¢idpunoytBopenHus, 2-'@CA ctumynoe
30BHINIHIN nUIsSX Koaryisii. Takuit HanpsMok
3MiH IreMOCTa3y CyTTEBO IOB’SI3aHHH 13 3MEH-
mwennsaM Bmicty NO," i NO;™ y jpocriukennx
OiocyOctparax Ta aktuBHOCTi NOS mediHkwH,
IO MiATBEPIKYIOTh PE3YIbTaTH KOPEJIALitHOTO
aHali3y IIUX TOKa3HUKIB.

Taxum amHOM, Tig ButmBoM B-OECA Ta
2-I'®CA Bmict NO," i NO;™ 3MeHIIyeTbCs, Yy
TOMY YHCJ1 BHACHiJJOK 3HM)KEHHS aKTHBHOCTI
NOS, mo Bigirpae neBHy poJib IpH Aii UX CyK-
[IMHAMIJIIB HAa T€MOCTa3 Y BUIISAI M1 IBUIIICHHS
AKTHBHOCTI HOTO KOATYIAiiHOI Ta TpoMOOIIH-
TapHOT JIAaHKH.

N.A. ITanaruna, M.A. Kyaps, O.C. JlajabiMeHKO

POJIbL METABOJIMTOB OKCHJIA A30TA ITPA
BO3JIEICTBUH CYBTOKCUYECKHX 103
CYKIMHAMMIOB HA COCTOSTHUE
TEMOCTA3A

W3zydanu ponbs m3MeHeHHH oOMEHa SHIOTEHHOTO OKCHAA
azora (NO) npu Bo31€HCTBUM aMHI0B SSHTAPHOU KHUCIIOTBI
— MPOAYKTOB OMOTpaHcPOpMaAUU aHTUAHAOETHYECKOTO
CpeJCTBA Ha COCTOSIHUE TeMocTas3a. B skcnepumeHnTe Ha
KpbICax MPUMEHSAIN CUHTE3MPOBAHHBIE CYKIIMHAMHUABI B
9KBHMOJISIPHBIX KOJINYECTBAX 110 OTHOIICHUIO K CyOTOKCH-
4eCcKoH 03¢ (apmarieBTuueCcKoil cyocTanun. Onpenesnsuiu
MTOKa3aTeNH, KOTOPEIe XapaKTePHU3yIOT COCTOSTHUE TPOMOO-
LIUTAPHOTO U KOATYJSIIIMOHHOTO TeMOCTa3a B IUIa3Me KPOBH,
conepkanue cTadunbHbIX MeTabonnToB NO 1 aKTUBHOCTh
cuHTa3b! okcua azota (NOS) B romorenare rne4eHy, mias-
Meé KpOBH M MOYE KPBIC. YCTAHOBIIEHO, YTO B yCIIOBHUSX
CyOXpOHHMYECKOTO BBEACHUS CYKIIMHAMH/0B YMCHBIIACTCS
KOHIICHTPALUsI HUTPUT- M HUTPAT-aHUOHOB B IJ1a3Me KPOBU
(1a 30-50 1 20-35% cooTBeTCTBEHHO), eyeHu (Ha 16-19 u
14-18%) 1 moue (ua 50-70 u 38-55%). Baxxubim akTopom
9TUX M3MEHEHUH SBISETCS CHIDKeHHe akTuBHOCcTH NOS
(Ha 33%). HccienoBaHHbIE COCTUHEHUSI B 3TUX YCIOBHU-
SX MOBBINIAIOT B 1,5 pa3a KOAryJsIUOHHBIH MOTEHIHAI
I1a3Mbl KPOBU M MOTYT ycuiuBaTh Ha 20% arperanuio
TpoMOOUMTOB. AHaNMHU3 KOA(PYHUIMEHTOB MAapHOH Koppe-
JIALMHU [T0Ka3aJl HaJlM4Khe CBA3eH U3MEHEHUH NoKa3aTenei
Mertabonmsma NO n remoctasa. [TorydeHHbIe pe3ynbTarTsl
CBUACTECJILCTBYIOT O TOM, YTO IPOABIICHUE IIPOKOATryJIALINA-
OHHOTO M TPOMOOTEHHOTO AEHCTBHS CYKIIMHAMUAOB MpPH
UX BBEJICHUHM B CYOTOKCHYECKHX J103aX B OIpEJCIICHHOU
CTETIeHH 00YCIIOBICHO yMEHBIIEHHEM Ba30aKTHBHOTO ITyIa
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NO, uTo, B CBOIO 0OUepe/ib, IPOUCXOJIUT 32 CUET CHUIKCHHUSI
aktuBHoctu NOS.

KiroueBbie ciioBa: OKCHJI @30Ta; FEMOCTa3; aMUIbI SIHTAPHOU
KHUCJIOTHI.

I.A. Palagina, M.Y. Kudria, O.S. Lalymenko

ROLE OF NITRIC OXIDE METABOLITES
WITHIN THE IMPACT OF THE SUB-TOXIC
SUCCINAMIDES DOSES ON STATE OF
HEMOSTASIS

We investigated the role of changes in the endogenous
nitric oxide (NO) metabolism during the influence of
succinic acid amides as biotransformation products of an
anti-diabetic drug on the state of hemostasis. In experiment
with rats, synthetic succinamides were applied in quanti-
ties equimolar to the sub-toxic dose of the pharmaceutical
substance. We investigated the indicators characterizing the
state of platelet and coagulation hemostasis in the blood
plasma, the content of the stable NO metabolites and the
activity of nitrogen oxide synthase (NOS) in the liver ho-
mogenate, blood plasma and urine of rats. We found that
sub-chronic succinamides introduction reduced the nitrite
and nitrate anions concentration in the blood plasma (by
30-50 and 20-35% resp.), liver (by 16-19 and 14-18%) and
urine (by 50-70 and 38-55%). These changes were essen-
tially dependent on the reduction in the NOS activity (by
33%). The studied compounds showed a 1.5 fold increase
in the coagulation potential of the blood plasma and cause
a 20% boost in the aggregation of thrombocytes. Analysis
of the pair correlation coefficients showed positive associa-
tion of the changes in indicators of the NO metabolism and
hemostasis. The obtained results suggest that the registered
manifestation of the pro-coagulation and thrombogenic action
of succinamides applied in the sub-toxic doses is partially
determined by a drop of the vasoactive NO pool that in turn,
occurs due to a decline of the NOS activity.

Key words: nitric oxide; hemostasis; amides of succinic acid.

VY. Danilevsky Institute of Endocrine Pathology Problems,
AMS of Ukraine, Kharkiv.
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Polymorphism Pro,,—Ala of the peroxisome
proliferator-activated receptors gamma gene effect on
lipid peroxidation and antioxidant defense in patients

with type 2 diabetes

V.Y. Mokrii, S.V. Ziablytsev

0.0. Bogomolets National Medical University, Kyiv, Ukraine; e-mail: mokriy.vol@gmail.com

In this research, we discover effect of polymorphism rs1801282 of the PPARG gene on the formation oxidative
stress in patients with type 2 diabetes, depending on the duration of the disease: till 5 years, 5-10 years and
more than 10 years. Activity of lipid peroxidation was assess in terms of diene conjugates (DC) and malonic
dealdehid (MDA) and antioxidant system status - the activity of superoxide dismutase (SOD), catalase and
the level of a-tocopherol (a-TF). Molecular genetic studies conducted by the method of polymerase chain
reaction (PCR) in real time. During disease 5-10 years, found increase levels of DC and MDA in patients
with polymorphism Pro,,—Ala for 34.9 and 34.7%, in compared with Pro ;,—Pro (P=0.01). Availability
Pro,,—Pro stipulated reduction of catalase activity during disease 5-10 years at 75% (P=0.001), and for
those, who are ill for more than 10 years at 2,04 times (P=0.01), which is not different from the reference
level (F=1.19; P=0.600), but in the case Pro,,—Ala, this figure was in 2 times higher. The main conclu-
sion is that the type Pro,,—Ala of polymorphism rs1801282 of the PPARG gene causes the development
of oxidative stress in patients with type 2 diabetes with 5-10 years durations, and Pro,,—Pro - deficiency
the enzyme catalase level of antioxidant system in patients with durations of disease more than 5 years.
Key words: polymorphism Pro,,—Ala of the PPARG gene, rs1801282; type 2 diabetes, oxidative stress.

INTRODUCTION

The incidence of diabetes mellitus (DM)
worldwide was 9% in the adult population,
including 90% of patients have type 2 diabetes.
A similar situation exists as to Ukraine, where
nowadays are more than 1.3 million patients
with type 2 diabetes and control epidemiological
studies argue, that the true prevalence of the
disease at least are in three times higher [1].
Medical and social severity of type 2 dia-
betes is caused not only by prevalence of this
disease, but also by the development of a large
number of complications, primarily related to
the impairment of endothelial microvasculature
vessels, which is based on hyperglycemia and
intensification of lipid peroxidation (LPO) [2].
In the pathogenesis of type 2 diabetes is acti-
vated by excessive formation of reactive oxygen
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species, leading to an intensification of LPO and
oxidative stress, which takes a leading role in the
development of complications [8-10]. Proved,
that type 2 diabetes - a free radical pathology
[3]. Intensification of LPO and oxidative stress
development starts before the clinical manifesta-
tion of type 2 diabetes and during early years of
the disease [4], but in patients with more than
10 years - is reduced. The degree of oxidative
stress is closely associated with the weakening
of enzymatic antioxidant system (AOS), disease
duration and degree of decompensating of car-
bohydrate metabolism.

Gene PPARG is a major factor in the regula-
tion of proliferation of adipocytes, as it increases
the expression of the protein transporter of fatty
acids, expression and activity of acetyl-CoA syn-
thase, fosfatidilinozitol-3-kinase, gene expres-
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sion adiponectin, glucose transporter (GLUT-4),
inhibits expression leptin gene, is involved in the
regulation of protein oxidative phosphorylation,
inhibits the expression in adipose tissue tumor
necrosis factor-alpha, which is accompanied
by a decrease in insulin resistance and an in-
crease in insulin secretion B-cells. Associative
impact polymorphic marker rs1801282 gene
PPARG on the development of type 2 diabetes
was confirmed in studies at European and Rus-
sian populations [5]. According to our previous
studies, we found an association 12Pro allele
of polymorphism rs1801282 gene PPARG with
type 2 diabetes [6].

Localization polymorphism rs1801282 of
gene PPARG - Chr.3: 12393125 on NCBI Build
37. Sikvens areas analyzed AACTCTGGGA-
GATTCTCCTATTGAC [C/G] CAGAAAGC-
GATTCCTTCACTGATAC, polymorphic codon
CCA / GCA. This polymorphism is a Single
nucleotide polymorphism C to G, as a result,
there is a replacement of the amino acid proline
to alanine at position 12 in the protein gamma
receptor, which activates peroxisome prolifera-
tion (PPARG). Ancestral allele is C and allele
G - minor. According to MAF Source: 1000 Ge-
nomes (http://www.1000genomes.org/node/506)
last frequency is T=0.0703/352.

Publication of results of studies on Chinese
populations indicate, that the variant Pro ,—Pro
of polymorphism rs1801282 of gene PPARG
promotes oxidative stress, and patients with
genotype Pro ,—Ala were less prone to com-
plications of type 2 diabetes [7]. Although,
studies on cardiomyocytes show that cells
with overexpressing PPARG, more resistant
to oxidative stress [8]. Today, the influence of
polymorphisms rs1801282 of gene PPARG on
oxidative processes and antioxidant is not in
doubt. A recent study conducted by Chia-Ter
Chao (2016) demonstrated Pro,,—Ala asso-
ciation with increasing SOD activity in renal
disease (P<0.028) [9]. We also found the inten-
sification of LPO in carriers of alleles 12Pro
in polymorphism Pro,,—Ala of gene PPARG,
whereas a significant decrease in activity of the
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enzyme catalase links AOC in patients with type
2 diabetes, was found as in the case of polymor-
phism Pro ,—Pro of gene PPARG, and as in the
presence of the allele 12Pro in this genotype
[10]. Thus, the main purpose of this study was
to determine the stages of formation in terms of
oxidative stress, by levels of LPO and AOC in
patients with type 2 diabetes, depending on the
duration of the disease.

METHODS

In this study involved 138 patients, of which 88
were patients with type 2 diabetes (experimental
group) and 50 not suffered from this pathology
(control group). Patients with type 2 diabetes
were divide into three groups for disease
duration: 5 years, 5-10 years and more than 10
years. The material for the study was the blood
of patients. Blood sampling was perform of
patients in the morning on an empty stomach.
To assess the activity of LPO indices defined
diene conjugates (DC) and malonic dealdehid
(MDA). DC content of unsaturated fatty
acids in plasma were determine by Z. Placer
method, in VB Gavrilov et al. modifications.
MDA concentration was determine by its
reaction with tiobarbitur acid with further
quantitative determination of colored product on
a spectrophotometer «Specord» (Germany), the
MDA level expressed in mmol/g protein. Status
AOC was evaluate by the activity of superoxide
dismutase (SOD), catalase and the level of
a-tocopherol (a-TF). To determine the level of
a-TF, was used method of J. Biery and SOD
- with Makarevich’s method. In determining,
the activity of catalase was used method for
spectrophotometric measurement, catalase
activity per unit of blood taken, mkkat/l.

Bold genomic DNA was performe-using
reagents PureLink® Genomic DNA Kits For
purification of genomic DNA, manufacturer
INVITROGEN (USA), and the analysis of
polymorphic DNA loci using a standardized
test system TaqMan Mutation Detection Assays
Life-Technology (USA). Data analysis was
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performe using the statistical package MedCalc
v.15.11.0 (MedCalc Software bvba, 1993-2015
years) and MedStat.

RESULTS AND DISCUSSION

During disease 5-10 years, found increased levels
of DC in patients with genotype Pro,,—Ala at
34.9%, in compared with homozygotes with
allele 12Pro (P=0.01). When used univariate
analysis of variance, revealed the likely decrease
level of DC (P=0.029) between the groups of
patients suffering from type 2 diabetes to 5
years, 5-10 years and more than 10 years wich
have a gene polymorphism Pro ,—Pro , while
time, both carriers of genotype Pro,,—Ala such
a decrease was not found (P=0.204) (Table 1).
The level of MDA in patients suffered
with type 2 diabetes for 5 years and 10 years,
depending on the Pro,,—Ala polymorphism
of gene PPARG was not statistically different.
And when disease duration was 5-10 years, have
seen a probable increase in the level of MDA
by 34.7% in patients with genotype Pro,,—Ala,
compared with native polymorphism Pro ,—Pro
(P=0.01). The study revealed the likely reduction
of MDA by 21.5% in patients with genotype
Pro,,—Pro, which affected up to 5 years, 5-10
years and more than 10 years (P=0.048).
Analyzing the indicators of lipid peroxidation
products (DC and MDA) in patients with type 2
diabetes for 5 years, 5-10 years and more than
10 years, depending on the genotype Pro,,—Ala
of the gene PPARG see (Figure 1), in patients

with polymorphisms Pro,,—Pro intensification
of LPO more pronounced during the first 5
years of disease and decreases gradually in
the course of the disease (DK P=0.029; MDA
P=0.048). Patients with genotype Pro,,—Ala,
front, intensification of LPO in the first 5 years
and more than 10 years of disease, expressed to
a lesser extent, as the MDA level significantly
was not differed from the control group (P=0.635
and P=0.067 for the 5 and 10 years disease,
respectively), while in 5-10 years has increased.
The data is shown in Table 1 and Figure 1.

Fig.1. LPO activity (the level of DC and
MDA) in patients with type 2 diabetes suffering
to 5 years, 5-10 years and more than 10 years,
depending on the Pro,,—Ala polymorphism of
the PPARG gene

Based on the fact, that oxidative stress
is - an imbalance between processes that are
characterized by excessive formation of reactive
oxygen and free radicals on the one hand, and
AOS activity on the other, there is a need to
investigate the performance of AOC.

Effect of polymorphism Pro,,—Ala of
the PPARG gene on the AOC was studied by
analyzing the activity of SOD, catalase and
a-TF levels in patients with type 2 diabetes for
5 years, 5-10 years and more than 10 years,
depending on the genotype of the gene, obtained
data presented in table 2 and figures 2 and 3.

In patients with type 2 diabetes for 5 years,
significant differences between the activity of
SOD was not found (P=0.12). As shown in Table
2 and Figure 2, we found a probable decrease of

Table 1. Effect of polymorphism Prol12Ala of the PPARG gene indicators for DC and MDA depending on the duration
of the disease in type 2 diabetes (M + m)

Polymorphism Pro ,—Ala

Duration of the disease

of the PPARG To 5 years | 5-10 years | More than 10 years
DC, U/ml
Pro,,—Pro 3.79+0.195 3.32+0.17 3.1240.15%*
Pro,,—Ala 2.93+0.36 4.48+1.015%* 2.74+0.94
MDA, mmol/g protein
Pro,,—Pro 10.84+0.68 9.53+0.55 8.51+0.69**
Pro,,—Ala 8.39+0.79 14.59+4.17* 6.87+0.43

For table 1, 2 and figure 1: * - P<0.005 (comparison inside duration group between different polymorphisms);**
- P<0.005 (comparison between groups of patients depending on the duration of the disease).
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Fig.1. LPO activity (the level of DC and MDA) in patients with type 2 diabetes suffering to 5 years, 5-10 years and
more than 10 years, depending on the Pro,,—Ala polymorphism of the PPARG gene

SOD activity between patients who had genotype
Pro ,—Pro, with disease duration of 5 years,
5-10 years and more than 10 years (P=0.001),
whereas patients with genotype Pro ,—Ala such
difference was not found (P=0.462). It should
also pay attention to the fact, that SOD activity
in patients with genotype Pro ,—Ala, suffering
from type 2 diabetes 5-10 years, was higher
than in the first 5 years of the disease, though
in patients, suffering over 10 years, this figure
was in 2 times lower (P=0.04).

Thus, the importance of polymorphism
rs1801282 of the PPARG gene is that in case of
Pro,,—Pro SOD activity decreases uniformly

from the first years of disease in type 2 diabetes
(P=0.001), whereas the presence of genotype
Pro ,—Ala observed significant (Student’s
criterion, bilateral critical region, significance
at P=0.004) decrease in this level only after 10
years of disease.

Significant differences between the levels
of catalase activity in patients suffering from
diabetes for 5 years was not found (P=0.55).
In Pro,,—Pro genotype carriers were found
significant decrease in catalase activity between
5-10 years of disease by 75% (P=0.001), and
those who are ill for more than 10 years at 2,04
times (P=0.01), than was not different from

Table 2. Effect of polymorphism Pro12— Ala of the PPARG gene on activity SOD, catalase and o-TF level, depending
on the duration of the disease in type 2 diabetes (M + m)

Polymorphism Pro ,—Ala of

Duration of the disease

the PPARG To 5 years 5-10 years | More than 10 years

SOD, U/ml

Pro,,—Pro 0.59+0.041 0.43+0.015 0.2740.025%*

Pro ,—Ala 0.41+0.103 0.49+0.029 0.24+0.015

Catalase, mkkat/I

Pro ,—Pro 27.56+1.42 23.44+0.46 15.57+0.59%*

Pro,,—Ala 20.96+2.73 41.01+0.45%* 31.78+7.17% **
a-TF mkmol/l

Pro,,—Pro 8.84+0.45 10.02+0.55 5.76+0.55%*

Pro,,—Ala 9.03+0.82 12.42+2.58 4.32+0.8%*
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Fig.2. The level of SOD in patients with type 2 diabetes, which affected up to 5 years, 5-10 years and more than 10 years,
depending on the polymorphism Pro ,—Ala of the PPARG gene. * - P=0.001 when compared with patients suffering from 5-10
and more than 10 years; ** - comparison inside duration 5-10 years group between different polymorphisms

the control (F=1.19; P=0.600). We proved
significant decrease of catalase activity between
groups of patients with type 2 diabetes suffering
to 5 years, 5-10 years and more than 10 years for
both cases Pro,,—Pro polymorphism (P=0.001)
and for Pro ,—Ala (P=0.002) (Figure 3).

A similar distribution was obtained from
the analysis of a-TF level between patients

mkmol/I a-TF

13

12 Pro12—Ala

.................... L.,

Pro12—Pro

1

10

To 5 years 5-10 years More than 10 years

with different disease duration (Figure 3). It is
necessary to point out, that the level of a-TF
significantly reduced with the passage of the
disease, that evidenced by used univariate
analysis of variance between groups of patients
with type 2 diabetes for 5 years, 5-10 years
and more than 10 years, level of significance
for genotype Pro ,—Pro was P=0.001, and for

mkmol/ Catalase
39
Pro12—Ala

34

29

ut S Tl I Pro12—Pro

19 .
Control $

i . Jeimim e ==

To 5 years 5-10 years More than 10 years

Fig.3. Catalase activity and the level of a-TF in patients with type 2 diabetes, which affected up to 5 years, 5-10 years and 10
years, depending on the polymorphism Pro ,—Ala of the PPARG gene. * - F=1.19; P=0.600 when compared with patients in
the control group; ** - P=0.018 when compared with patients in the control group
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Pro,,—Ala - P=0.046. During the 10 years of
the disease in carriers of genotype Pro ,—Pro
level of a-TF was no different from the control
group (P=0.87) and in the case Pro,,—Ala - was
statistically lower (F=1,19; P=0.018).

The highest intensification of LPO ob-
served during disease in type 2 diabetes
till 5 years, Pro,,—Pro genotype carriers
with disease duration of 5-10 and over 10
years levels of LPO linear and significantly
decreased, although compared with the control,
remained at significantly high levels. In case
of Pro,,—Ala found a significant increase of
LPO intensification during disease 5-10 years,
whereas after 10 years of disease indices of lipid
peroxidation products significantly reduced.
AOS activity was significantly higher in carriers
of genotype Pro,,—Ala, suffering from type 2
diabetes 5-10 years, compared with Pro ,—Pro.
In patients with type 2 diabetes over 10 years,
the presence of polymorphisms Pro,,—Pro
found catalase enzyme deficiency of AOC,
against the background of a significantly high
rates of lipid peroxidation, catalase activity
significantly does not differ from the control
level (F=1.19; P=0.600), instead in carriers
of genotype Pro ,—Ala this level was 2 times
higher.

Probably the ligand-dependent activation
of gene PPARG2 more pronounced in the
presence of polymorphisms Pro,,—Pro, as
evidenced by the linear and the significantly
reduction of oxidative stress (as indicators of
lipid peroxidation, and both activities AOC)
in the course of the disease, whereas carriers
of genotype Pro,,—Ala, had significantly
higher levels of oxidative stress during 5-10
years of disease, but after 10 years of disease -
significant reduction, which may be due to the
depletion of metabolic processes. The impact
of polymorphisms rs1801282 of the PPARG
gene for the enzyme catalase link of AOC is
somewhat different, because in carriers of
the genotype Pro,,—Ala, catalase activity is
significantly higher.
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CONCLUSIONS

1. Type Pro ,—Ala of polymorphism rs1801282
of the PPARG gene causes the development of
oxidative stress in patients during disease in type
2 diabetes 5-10 years.

2. Polymorphism Pro ,—Pro of the PPARG
gene causes natural deficiency of enzyme
catalase level of antioxidant system in patients
with type 2 diabetes, which affects more than
5 years.

B.S1. Mokpiii, C.B. 3g6.iues

BILJIMB NOJIMOP®I3MY PRO,,—ALATEHA
PEROXISOME PROLIFERATOR-ACTIVATED
RECEPTORS HA ITIEPEKHCHE OKMCHEHHS
JIIIIAIB TA AHTUOKCUIAHTHY CUCTEMY
Y XBOPUX HA IYKPOBUH JIABET 2-T'O
THITY

Jocnimxysamu epexr momimopdizmy rs1801282 rena PPARG
Ha (HOPMYBaHHS OKHCHOTO CTPECY Y XBOPHX Ha I[yKPOBHii
nia®eT 2-To THUITy 3aJIeXKHO BiJl TPHBAIOCTI 3aXBOPIOBAHHS:
110 5 pokiB, 5-10 pokiB Ta monaz 10 pokiB. AKTUBHICTH Iepe-
KHCHOTO OKMCHCHHSI JTIITi B OL[IHIOBAJIU 32 KOHIICHTPAILIEI0 Y
KpoBi mieHoBHX KoH toraTis ([IK) i MamonoBoro gianpaeriny
(MZIA), a craH aHTHOKCHJAHTHOT CHCTEMH — 332 aKTUBHICTIO
CYNEPOKCUATUCMYTa3H, KaTajaa3y Ta BMICTOM O-TOKO(epoy.
MoutekynsipHO-TeHEeTUYHE JIOCIIiPKEHHs OyJI0 MpOoBeacHe
METOZIOM MOJIMEPa3HO-JIAHIIOTOBOI PeaKiii B peasbHOMY
yaci. [Tix wac TpuBanocti xBopobu 5-10 pokiB BHSBIECHO
30inpmeHHs BMicty JAK ta MIA y xBopux 3 moniMopgis-
MOM Pr012—>A1a Ha 34,9 i 34,7% BiANOBIAHO MOPIBHSHO 3
Hocismu Pro ,—Pro (P=0,01). Hassnicts mosnimopdismy
Pro,,—Pro 3yMoBITI0BaNO 3HMKEHHS aKTHBHOCTI KaTajiasn
B epe0ir 3axBoproBanHs 5-10 pokis Ha 75% (P=0,001), ay
THX, XTO XBopie Oinbmre Hix 10 pokis B 2,04 paza (P=0,01),
10 CTaTHCTUYHO HE B1IPI3HAETHCA BiJ KOHTPOJIBHOTO PiBHSA
(F=1,19; P=0,600), Toni six y pa3i Pro,,—Ala, i mokasuuku
Oynu y nBiui BumumMu. OT)ke, HaMH BHUSIBJICHO, L0 BapiaHT
Pro,,—Ala nonimMopdismy rs1801282 rema PPARG mpwus-
BOJHTH JI0O MaKCHMAJIbHOTO PO3BUTKY OKHCHOTO CTpECYy Y
XBOpUX Ha IYKPOBHH HiabeT 2-ro TUIy 3 TPHUBAIICTIO 3a-
xBoproBanHs 5-10 pokiB, a HasBHiCTL Pro,,—Pro symosmoe
HEJIOCTaTHICTh aKTUBHOCTI (JepMEHTATUBHOI KaTala3HOi
JIaHKY aHTUOKCUIAHTHOI CUCTEMH Yy MALlIEHTIB, 10 XBOPIIOTh
MOHAJ] 5 POKIB.

Kimouosi cnosa: monimopdism Pro ,—Ala rena PPARG;
rs1801282; mykposuit giabeT 2-To TUITy; OKHCHUH CTpec.

Hayionanenuii meouunuii ynieepcumem im. O.0. bocomons-
ys, Kuis, Yxpaina,
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B.S1. Moxkpuii, C.B. 3196au1es

BJIMSIHUE IOJIMMOP®U3MA PRO,,—ALA
I'EHA PEROXISOME PROLIFERATOR-AC-
TIVATED RECEPTORS HA TIEPEKHCHOE
OKMCJIEHUE JIMIINJOB 1 AHTHOKCH-
JAHTHYIO CUCTEMY Y BOJIbBHBIX CAXAP-
HBbIM JTUABETOM 2-I'O TUITA

HUccnenoBanu addext nomumopdusma rs1801282 rena PPARG
Ha (GOPMHUPOBAHNE OKUCIUTENBHOTO cTpecca y OOJIbHBIX ca-
XapHBIM JI1a0eTOM 2-TO THITA B 3aBUCUMOCTH OT ATUTENBHOCTH
3a0oieBanus: 10 5 net, 5-10 et u 6onee 10 neT. AKTUBHOCTD
MEPEKUCHOTO OKHCIICHUS! TUIHUAOB OLEHUBAIN 1O KOHIEHT-
pauuu B KpoBU JHEHOBBIX KoHbIoratoB (K) n mamonoBoro
nuanpaeruga (MJIA), a cocTossHHEe aHTHOKCUAAHTHOM CH-
CTEMBI - M0 aKTUBHOCTH CYNEPOKCHIIUCMYTa3bl, KaTanassl
U comepxaHus o-Tokodepona. MolaeKynsapHO-TeHETHIECKOE
HCCIIEI0OBAaHUE OBIIO MPOBEIECHO METOJOM MONHMMEPA3HON
LIENTHOM peakuuu B peajbHOM BpeMeHU. B TeueHue cpoka
G6osie3Hu 5-10 yeT BBIABICHO YyBEIHYCHHE COACPIKAHUSA
JK u MJIA y 6onbHbIX ¢ monumopgusmom Pro,,—Ala Ha
34,9 u 34,7% COOTBETCTBEHHO B CPAaBHCHHUHU C HOCHUTEISIMU
Pro,,—Pro (P=0,01). Hanuune nonmumopdusma Pro ,—Pro
MPUBOANIO K CHMKEHHMIO aKTMBHOCTH KaTalasbl B MEPUOJ
3aboneBanus 5-10 ner va 75% (P=0,001), a B Tex kTo Ooneer
6omee 10 met B 2,04 pasa (P=0,01), uro crarucTHuecku He
oTMyaeTcst OT KoHTponbHoro ypoBHs (F=1,19; P=0,600),
TOrja Kak B ciaydae Pro ,—Ala, 31u nokasarenu Obud B 1Ba
pa3a Bbimie. Takum 00pa3oM, HAMH BBISIBICHO, YTO BapHAHT
Pro,,—Ala-nomumopdusma rs1801282 rena PPARG mpuso-
JUT K MAaKCUMaJIbHOMY Pa3BUTHIO OKHUCIMTEIBHOTO CTpecca
y OOJBHBIX CaXapHBIM ANA0ETOM 2-T0 THIIA C [UIUTEIBLHOCTHIO
3abonesanus 5-10 e, a nannuue Pro,,—Pro oOycnosnusaeT
HEZ0CTATOYHOCTh AKTUBHOCTH (DEPMEHTATHBHOTO KAaTaJIa3HOTO
3B€HA AHTHOKCHIAHTHOI CHCTEMBI y MAI[HEHTOB, CTPAAAIOLINX
Gomee 5 mer.

Kimouesbie cnosa: monumopdusm Pro,,—Ala rena PPARG;
rs1801282; caxapHblii AuadeT 2-ro0 THUMA; OKUCIUTEIbHBINA
cTpecc
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mMeapuH OeMOHCmpysanu iHmenHcuehi Apo-indykosami obepmanvii pyxu (nonao 18006/30xe), wjo 32i0no 3
pesyrbmamamiu MOpponoziuHozo ananisy 6ionosioano pyinysantio 90 % J{A-netiponia y yiti OinaHyi MO3KY.
11’ exyii’ L-apeininy y medyusaphi a0pa (oboninvhe s10po, 1amepaibie pemukyiipHe s0po i napamedianhe
A0PO) Yux wypie CynpoGoOACYBANUCS POZGUIMKOM MEHUL GUPAIICEHUX 3MIH CUCIEMHO20 apmepianbHO20
MUCKY NOPIGHANO 3 Konmpoaem. IIpu ybomy 3nauno nioguwgysanacs akmughicms indyyudenvnoi NO-cun-
masu, 6 mou 4ac K AKMUGHICMb ii KOHCIMUMymueHoi i30¢hopmu mana meHoeHyito 00 3HUNHCEHHS NOPIGHAHO
3 MAKoI0 y KOHMPOTLHUX WYPie. Bussneno, wo 6 ymogax mpusanozo (3 muoic) Yino00608020 0cimienus
meapun (konvoposa memnepamypa 2700K, ceimnosuii nomix 180am, inmencusnicmos ocgimaenus 40nx)
3MEHULYEMbCA KITLKICMb HeYUIKOONCEHUX AO0 HeOOCMAMHbO YUWKOOAHCeHUX Heluponig: 35,0% (uooo 53,8%
6 KOHmMPOJIi) He GUABUNU NOBEOIHKOBOI acumempii 6 Apo-mecmi. 3Hauno 3MeHWUIAC, AKMUBHICIb KOHCIU-
mymuenoi NO-cunmasu y 0082acmomy MO3KY, MIOKapoi i MimoXoHOPISX cepyst, w0 npu3eeio 00 NpueHi-
uenns de novo cunmesy NO. 30xkpema yetl NOKA3HUK 3HUZUBCA Y 20MO2EHAMI 00682ACMO20 MO3KY Oinblie
Hidic 606iui (2,46 £ 0,80 nmons / x6 (P<0.05) nopiensno 3 5,44 + 0,35 nmonv / X6 y KOHMPOILHUX WYPI6).
Omumani pe3yromamu c8i0uams npo me, Wo npu eKCNePUMeHMAIbHOMY 2eMiNaPKIHCOHI3ME 3HUNCYEMbCS
medynspruti NO-epeiunuii Kohmpons QyHKYIL Kpooobicy y wypis, a mpueane yilo00006e 0C8IimieHHs
MmeapuH no2nubae HeeamusHull niue oecenepayii /[A-netiponie SN.

Knrouogi cnosa: okcud azomy, doézacmuil MO30K, YOPHA CYOCMAHYIsA; OCEIMIeHH .

Bifainax 4opHoi cyOcraniii (substantia nigra,
SN) cepemaroro Mo3ky. Ha 1ieif yac goseneHo,

XBopobOa [lapkiHcoHa € OmHIEIO 13 HAWOIIBII
PO3IMOBCIOKCHIX HEHPOJEreHepaTuBHUX 3aX-
BOPIOBaHb ILIEHTPaJIbHOI HEPBOBOI cuctemMu. Bona
3yMOBJICHA IIPOTPECYIOUO0 JAeTeHepallieto noda-
MiHepriuanx (/A) HEHpOHIB eKcTparmmipamiTHoi
cuctemu (0azanbHi sigpa, 4YopHa cyOcTaHLis,
OJTaKuTHA TUTSIMA TOIIO ), HAaHO1IBITIO0 MipOO JTe-
reHepaTUBHI 3MiHH CIIOCTEPIraroThes y MepeaHiX

110 THTIOBI s XBopoOu IlapkiHcona cuMmToMu
y JIOAVMHU BUHUKAIOTh npu 3arudeni 60-80%
HEWPOHIB I[bOTO AaHATOMIYHOTO YTBOPEHHSI, IPU-
YoMy JeTeHEPaTUBHI 3MiHH CYyIPOBOJIKYIOThCS
BEreTo-BicIepalibHOW IUCOYHKIIIEID, B TOMY
YUCITi PO3JaJaMHu JisTTBHOCTI CEPIIeBO-CYAMHHOT
cuctemi [ 1-4]. 3okpema, y TBApHH 3 XPOHIYHUM
nedinuTOM HIrpocTpiaTHOTO Ao(amMiHy Mopy-
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HIYEThCS CUCTOJIUHA 1 JIiacTodiuHa QyHKIis
cepus, 301IbIIYy€ETHCA KOPCTKICTh MiOKapia,
MiABUIIYETHCS YYTIUBICTH MITOXOHIPialbHOL
mopu (MII) mo BimkpuBauHS [2]. BBaxarors,
0 HITPO3aTHUBHHUN CTpeC BiAIrpac BakKJIUBY
poJib y maroreHesi xsopoobu [lapkiHcoHna Ha Tii
mijcraei, 1o y SN BUSBICHO HAJMIPHO BUCOKHIA
BMIiCT HelpoHaJIbHOI 1 iHAYynHOeabHOT NO-CcHH-
ta3 (cNOS Ta iNOS BignmosigHo) [3,4], o Moxe
BHUKJIMKATH ITUTOTOKCUYHI 3MiHU y MO3KY. PiBHI
AKTUBHOCTI ITUX €H3UMIB 1 BIIIMTOBIAHO TTPOIYKITi1
okcuny azoty (NO) y 1oBracTomy MO3KY, SIKH
TpaIuIiiHO BBa)XXAE€THCA BaXKIMBUM IIEHTPOM
perynsuii gyHKuii KpoBooOiry, me He 3’ ICOBaHi.
Haxonwnyena Beande3Ha KiabKiCTh JaHUX [5-9],
sIKi cBim9aTh mpo 3amydeHas NO y MeayaspHuit
KOHTPOJb AiSNIBHOCTI CEPIIEBO-CYAUHHOI CHCTE-
MU SIK TAJIBMIBHOTO TpaHCcMiTepa. Y JIOBracToMy
MO3KY iIeHTH(]iKOBaHO BeNUKY KiibKicTh NO-
cuHTe3yBalbHUX HelponiB [10, 11]. Bigomo,
mo NO B3aemojie 3 6ararbMa €HIOTCHHUMH
areHTaMHu, 30KpeMa 3 TOPMOHOM ermidiza Mena-
TOHIHOM [ 12]. YncenbHI JOCTIIKEHHS BKa3yOTh
Ha Te, 10 1Ieil TOPMOH 3ally4aeThbCsl Y Peryis-
niro cepueo-cynurHoi cucrtemu [13-20]. [Ipo
3HAUCHHS MEJNATOHIHY B PEryismii MisUTbHOCTI
CepIeBO-CYANHHOI CHCTEMH CBiTYUTH HASIBHICTH
MUPKAJHOTO PUTMY apTepiaJbHOTO THCKY Ta
YacTOTU CEPIIEBUX CKOPOUEHb y JroauHu [13,
14], #ioro y4acTp y moJiNuIeHHi reMOJIUHAMIKH,
CKOPOTIIMBOI aKTHBHOCTI MioKapjaa i CyIWHHOI
peaktuBHOCTI [15-18], 3MeHIIeHHI po3Mipy iH-
(bapKTy 1 amONTOTHIHOT 3aTH0E1 KapaioMioIH-
TiB [19]. OTpuMaHi TaKOX iIHTPUTYIOU] 1aHi PO
Te, [0 MEJIATOHIH € 1HT101TOpoM BiakpuTTs MII,
1 ToTepePKeHHsI IOTO MPOLECy 3a JOTIOMOTOI0
MEJIaTOHIHY CIIpUs€ KapAiompoTeKUii y cTapux
mypiB [2, 20], TOMYy CIyITHUM € TIPUTTYIIIEHHS,
mo aedinuT TOPMOHY HETaTHBHO BILUTMBAE Ha
TIISTBHICTE CEPIEBO-CyAUHHOI cucTtemu. Haii-
OiNbII MOTYXXHUM CHHXPOHI3aTOPOM CHHTE3Y
MEJIATOHIHY BBa)KaeThcs CBiTIIO. Bimomo, mio
Mpu AEHHOMY OCBITIIEHHI CHHTETHYHI i ce-
KpeTopHi mporecH B emi(izi MpUTHIYYIOTHCS,
a B TeMpsBi mocwmioioTees [13, 14]. Moxna
OYiKyBaTH, 10 TPUBaJe MOPYIICHHS [HKIY
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JIeHb-HIY 32 JIOMTOMOTOI0 MITYYHOTO OCBITICHHS
MPUMIIIEHHS TOTIPIIATH PEerynsnito QyHKmii
KpPOBOOOITY KapAiOBacKyJISIpHUMHU HEHpOHAMHU
JIOBracTOro MO3Ky IIypiB.

Meta Hanioi poOOTH - OLIIHUTH 0COOIUBOCTI
NO-epriyHoro KOHTPOJIO AisLIBHOCTI ceple-
BO-CYJIMHHOI CHCTEeMHU HEHPOHAMHU JIOBTacTOTO
MO3KY IIypiB i3 medimutom nodaminy y SN mpu
TPUBAJOMY OCBITIIEHHI TBapHH.

METOJIUKA

JocnigxeHHs NPOBENEHO Ha LIypax-caMIsax
ninii Bicrap macoro 200-350rp 3rigHo 3 €B-
poTmeiichKOI0 TUPEKTUBOIO paau Tpoman Bia 24
nmucromnana 1986 p. (86/609/EEC; CtpacOypr).

Mooenv excnepumenmanbro20 eemMinapKin-
conizmy. EKCTIepuMEeHTH 301HCHIOBAIIH ITi HEM-
OyTanoBuM HapKo30M (50 MT/KT, BHYTPIIIHBOO-
4epeBUHHO, «Sigmay, CIIIA). Bei Bukopucrani
B poOoTi npenapatu Oynu wiei ¢pipmu. ['eminap-
KIHCOHI3M pO3BUBAaBCSl BHACIiJOK BBEICHHS
6-rigpokcupodaminy (6-I'OLA, 8 MKkT) y nmiBui
MeIiaTbHUN IMyYOK MepeIHboro MO3Ky [21] 3rim-
HO 3 CTEPEOTaKCUYHUMH KOOpaArHaTamMu [22], mio
BUKJIMKAJIO OAHOOIYHE yIIKO/KeHHs [|A-Heii-
poniB y SN. IIpenapar BBOAHIN Yepe3 CKISIHY
MIKPOIINETKY (JiaMeTp KiHUMKa He EPEBUIILY-
BaB 100 MKM), MPUKPITUICHY 10 MiKPOiH’ €KTOPA.
[Tepen BBeneHHSIM HEHPOTOKCHH PO3UHHSLIIH B 4
MK 0,9% -To 0XOJIOKEHOT0 JK0g0M (hi3i0J10-
rivgoro po3uuny. {06 3amo0irTu OKUCHEHHIO
npenapara, gogasaiu 0,1%-i po3uun ackopOi-
HOBO1 KUCOTHU. /{7151 mpurHideHHs MeTaboaigyHO1
Tpancdopmarmii 6-'O/JA MOHOAMIHOKCHIA3010,
mypam BBoawuH naprinia (40 Mr/kr, BHyTpim-
HbOOYepeBUHHO 3a 30 XB g0 iH’€KIlii HEHpo-
tokcuny. Kpim Toro, nesunpamin (25 mr/kr)
BBOJWJIM BHYTPIIIHbOOYEPEBUHHO AJIs 3amo0i-
ranHs nornuHanHs 6-1'O/]A HOpanpeHepriyHu-
Mu Heliponamu. [u’ekiii 6-'0OJIA mpu3BoamIN
no rinepaktuBHocTi JIA-penenTopis [23, 24].
UYepes THKISHB MICIHIs onepaliii ycix TBapuH IijI-
JaBalli CKPUHIHTY 3 BUKOPHUCTAHHIM aroHicra
JA-peuentopis anomopdiny (Apo, 0,5 mr/kr,
BHYTPIITHLOOYEPEBUHHO) /IS MIEPEBIPKHU PiBHS
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YIIKOJKEHHSI HEWpOTOKCHHOM JIA-HeHpoHiB
SN. In’exuii Apo urypam 3 OZHOOIYHUM ypaskeH-
HSIM HirpoctpiatHoi JJA-cucTeMu BUKIHKAIOTh
o0epranpHi pyXH B KOHTpallaTepalbHUN OiK
VIIKODKEHOT TIOJIOBUHU MO3KY [24]. 3anexHo
BiJI cepeqHboi yacToTn obepriB 3a 30 XB cro-
CTEpEKEeHHsI, JOCIIAHI TBAPUHHU B KOXKHIH IpyIi
OyJnu po31iJieH1 Ha TPH MIATPYIIH, a came: UIypH,
sKi 3aiicHIoBanmy noHaya 180 obeptiB (miarpy-
ma I), merme Hixk 180 o6epTiB (miarpyma II) i
mypu 6e3 moBeniHKoBo1 acumetpii, 0 o0epTiB
(miarpymna III). OckinbKy iIHTEHCHUBHICTH PyXiB
3aJI€KUTh BiJl CTYyMEHS MOIMIMPEHHS YypaXKeH-
Ha SN, 1 MOzeNb € 3pYYHHM MiAXOIOM s
OTPUMAaHHS [IPUMYCOBHUX PYXiB TBapuH pPi3HOi
iHTeHCHBHOCTI. Taki 3aKOHOMIPHOCTI acUMeETpii
PYXOBOi MOBENIHKH TBAapUH y MIArpynax 4iTKO
KOPEJIIOIOTh 3 PIBHEM YIIKO)KCHHSI HEHPOHIB
SN, mo Oyno miATBEpAXKEHO 3a JOMOMOTOIO
MOP}OIOTiYHOTO KOHTPOJIIO.

Mopdgonociunuii ananiz oecenepamusHux
smin J[A-netiponie SN. 3a mMOTIOMOTOIO CBITIIOBOI
MIKpOCKOMIi JOCHi/pKyBaiIn TpU AissHKH SN, a
came: substantia nigra compacta (SNC), substantia
nigra lateralis (SNL) 1 substantia nigra medialis
KOHTPOJIBHUX LIypiB 1 mypiB i3 6-'OJIA- iHxyKO-
BaHOIO AercHeparicro JIA-HeliponiB Ha piBHI 5,60
MM Kay#aisHO BiJ Bregma 3rimno 3 atmacom [22].
®dpoHTanbHi 3pi3u MO3KY TOBIIHHOIO 40MKM (ap-
OyBaJin Kpe3u BiosieToM. JIA-HeHpOHU BUSBIISIIN
y 3pizax Mo3Ky npu 30inbmenni y 100 1 250 pasis
3a OIAKUTHUM 3a0apBJICHHSM iX LUTOIUIA3MH Ta
BIIPOCTKIB. [HTEHCHBHO 3a0apBITFOBAIHICS TaKOX
S7Ipa TTaTbHUX KITITHH.

Ocsimnenns meapun. [IpuMIlIIEHHS, B IKOMY
nepeOyBany LIypH, OCBITIIOBAIN 1i10J000BO
npoTsaroM 3 Tux. s LbOro BUKOPUCTOBYBAJIN
cripanpny gammy (Delux 2700K T4 Full Spiral;
230B, 32BT, 18001M, 2700K), cBiTIOBHIT TOTIK
sKkoi ctanoBuB 18001M, KOTLOpOBa TEMIIEPATY-
pa - 2700K, i inTeHCHBHICTh OCBiTIICHHS 40 JIK.
Yei mypu (n=30) Oynu po3minieHi y BiBapii i
perynspHoO 3a0e3redyBainucs CBiXKOFO ITiACTHII-
KO0, Keto 1 Boor. KOoHTponbHY rpymy mypiB
TpUMallk Ha CTAHAAPTHIHN MI€TI i B yMOBax IpH-
POJIHOTO ITUKIY JCHb—HIY.
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Hocnidocenns medyaapuozo Hepe06o2o
Konmponio. EKCIepuMeHTH NpOBOAMIU Ha
mypax miJ ypeTaHoBUM Hapko3owm (1,7r/kr,
BHYTpimHboOUepeBUHHO, N=20). [Ticis ¢ik-
caiii roJOBH TBapUHH Yy CTEPEOTAKCUYHOMY
npunani CEX-3, monudikoBanomy st poOOTH
Ha JIpiOHUX TBapWHAX, 3[IHCHIOBAIU YaCTKOBY
TpemnaHailito 4eperna i BiAKpUBaIU IOPCAIBHY
MMOBEPXHIO JOBracToro Mo3ky. Bes xipypriuna
npoueaypa tpubana 20-25xs. ®apmakosoriy-
Hi areHTH BBOJWJIM B sJipa AOBTacTOr0 MO3KY,
AKi 0e3mocepeHbO 3alydeHi y HEpBOBUI
KOHTpOJIb (DYyHKIIi KpoBOOOITY (mMapameniaHHe
ssapo—PMn; obominpHe snpo—AMB; marepans-
He perukyisipae sapo—LRN) B 06’emi 100 Hit,
3a JIOMOMOTOI0 MIKPOIIIIPHUIS 3 KaTiOpoBaHUM
MIKpOMETPUYHUM I'BUHTOM, 3TiJJHO 3 CTEPEOTaK-
CUYHUMM KOOpAMHATaMM arjacy mypa [22]. B
MEIYJISIpHI SiApa J0OBracToro Mo3Ky iH’ €KyBaJH
L-aprinin (10719 -10° mons/n, «Sigmay, CIIIA)
s aktuBanii nNOS. CnenudiyHuii aHTaro-
HicT nNOS 7-miTpoingaszon (30Mr/kr, «Sigmay,
CUIA) BBOIUIH BHYTPIITHEOOUEPEBUHHO 32 30
XB JI0 TOYaTKy pociaigy. CHCTeMHUH apTepiaib-
Huii Tuck (CAT) BuMiproBanu y cOHHii apTepii
3a JIONIOMOTOI0 KaTeTepa, 3allOBHEHOTro rerna-
PUHU3UPOBAHHUM (Pi310JTOTIYHUM PO3YHHOM.
Iemapun (500 ox / kr'') 6yB BUKOpUCTAaHMH a1
3amo0iraHHsg po3BUTKY TpoMOiB. Bei 6ioximMidHi
MOKa3HUKH KOHTPOJIOBAIIM y TOMOreHarax Jo-
BracToro MO3KY, CEpIls 1 MITOXOHAPISIX cepls.

Jns BusHaueHHs aktusHocTi NOS (Ca®'-
zanexHoi Ta Ca’’-He3anexHoi) BUKOPHCTOBY-
Bajdu KJacuuyHUU Metox [25] y mommdikamii
[26], 32 1OTIOMOT0I0 CIIEKTPOGOTOMETPHIHOTO
BHMIPIOBAHHS MPOAYKTY peakiii — L-uutpyminy.
Cymapny aktuBHicTh NOS (cNOS+iNOS Bus-
Havaiu y npobax, mo mictumiu 0,5—1 mr Oinka,
sSKi 1HKyOyBalu B 3aralibHOMYy 00’emi 1 mn
cyOcTparHOi cyMilli HACTYMHOTO CKIIany (MK-
mouns/mi): KH,PO, - 50, MgCl, -1, CaCl,. - 2,
HAI®H (“Sigma”, CIIA) - 1, L-aprinin - 2,
Mpu 3aKMCHEHHI po3uuny ao pH 7,0, mpors-
rom 60 xB ipu 37°C. Cymim uentpudyrypaiu
npotsiroM 10 XB i B Haf0caKoBil 0e30iIK0Bii
cyMimli BWU3Ha4dalld BMicT L-muTpyniHy BHCO-
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KocTienu(piYHUM CTIEKTPOPOTOMETPUIHUM METO-
JIOM 32 KOJIbOPOBOIO PEAKIIE€I0 3 aHTUIIPUHOM.
Jlns BusHa4yeHHs aktuBHOCTI Ca®'-He3anexHoi
iINOS B inky6aniiiny cymim 3amicts CaCl,
nmogaBaiu 2 mkmoiib EJITA. AxktuBHicTh cCNOS
(eNOS+nNOS) BupaxoByBaiu, BiJHIMaK4u
3HayeHHs1 akTuBHOCTI iINOS Bix cymapHoi ak-
tuBHOCTI NOS.

AKTHBHICTb apriHa3yu BU3HAYAIU METO/OM,
SKAH 0a3yBaBCs Ha OI[IHIII YTBOPEHHS CEYOBU-
HH B iHKyOamiiHiii cymimi [27], oo mictmia
L-aprinin i anikBotu npo6 B Tpic-HCI- Oydepi
(pH 8,0). Inky6anito mpoBogunu npu 37°C
npotsiroM 60XB, a peakiio 3yIHHsUIIH, JOAAI0UN
0,3m1 2N HCIO, Ocanok y Gydepi Bunansin
NEeHTpU(YTyBaHHAM Ta B HaJI0CAAKOBiH (paxirii
BHU3HAYaJId BMICT CEYOBHMHH, II0 YTBOPHUIIACS.

CraTucTUYHUM aHaJi3 OTPUMAHUX PE3YIIbTa-
TiB TPOBOAMIIY 13 BAKOPUCTAHHSIM CTaHAapTHUX
nporpamuux naketiB Excel ta Origin 7.0 (MS
Office XP). Bci pe3ynbraTu BUpakeHi y BUTIIS-
Ii cepexaboro 3HadeHHS £ SEM. BiporigHicTs
BIAMIHHOCTEH MiXK KOHTPOJIBHOIO Ta JOCIiTHOIO
rpyIaMH OIiHIOBaH 3a Kputepiem t CThIoIeHTA.
[Tpu nopiBHAHHI cepeHBOI KITLKOCTI 3a0apBiie-
HUX KJIITHH SN BHKOPHUCTOBYBAJIH CTaTHCTHY-
Ho mucrepciiiauil ananiz ANOVA. 3HadeHHS
P<0,05 BBaxkanu CTaTUCTUYHO 3HAYYILIUMH.

PE3YJbTATHU TA IX OGTOBOPEHHS

HereneparusHi 3mian y [|A-Heiponax SN orri-
HIOBAJIY 32 IOTIOMOTOIO MIOBETIHKOBOTO APO-TeC-
Ty 1 Mop(osoriunoro ananisy aerenepartii. Ciif
3a3HA4YMTH, [0 APO-1HAYKOBaHA aCUMETPis py-
XOBO{ MOBEIIHKH TBAPUH BUHHUKAE TIITHKH TOII,
xonu noHax 80% JA-nponykylounx HEHpOHiB
SN ruHyTh, OCKIIBKH MPH YITKOIKCHHI HEBEIIH-
KOi KIJIPKOCT1 KJIITHH KOMIICHCATOPHI MeXaHi3-
MU, COPSIMOBaHI Ha 30€peKEHHS KOHIEHTpaIii
nodaminy B LIl CTPYKTYpi, HEPEUIKOIKAIOThH
PO3BUTKY 1HAYKOBaHO AeTeHepaLi€lo rinepuyT-
TMBOCTI. B ocTaHHBOMY BHUIIANIKY, BiI0yBa€ThCS
HaJMIpHO MIBUAKE 3pOCTAHHS 1 TEpeopieHTAITlis
MpoIIeCiB, 301JIBIIEHHS CEKPETOPHOT AKTUBHOCTI
tiuX JJA-cuHTe3yBaJbHUX KIITHH, SIKi 3allH-

ISSN 0201-8489 Dision. scyph., 2016, T. 62, Ne 6

MIAIOTHCSI HEYMIKOIP)KCHUMH MICHIsI YaCTKOBOTO
pyiinyBanas J[A-cucremu [23]. ¥V gociimxeH-
HsIX, IpoBeaeHUX Ha 197 mypax miHii BicTap,
STKUM BBOAMIIM Y MO30K HelpoTokcuH 6-I'O/LA,
84 mypa (42,6%) nIEeMOHCTPYyBaJIM IHTCHCUBHI
Apo-inaykoBaHi oOepranbHi pyxu 3a 30 xB
(monan 180 006); y 7 TBapun (3,6%) pyxoBa
aKTUBHICTH Oyna He3HadHOIO (MeHIme Hix 180
00) 1 y 106 tBapun (53,8%) obepranbHi pyxu
He cnocTepiranu (puc. 1). 3a pe3ynbraraMu
Mopdosoriunoro anamnizy, JJA-cuHTEe3yBabHI
Heliporn SN cepelHbOro MO3KY 3pyHHOBaHI B
nux rpymax Ha 90, 86 i 44% BignmosigHo. Came
ToMy Apo-iHIyKOBaHi 00epTaIbHI pyXH CIIOCTe-
pITaloThCs TUTHKU B TIEPIINX IBOX MiATPyIax i
HE BIJIMI4arOThCS B TPETIiH.

Ha mikpodororpadisix ppoHTampHuX 3pi3iB
KOMITaKTHO1, TaTepaiabHoi 1 MeAianbHo1 30H SN
KOHTPOJIbHUX IIYPiB YiTKO BUJIHO BEJIMKY KiJib-
KicTh 3a0apBiIcHUX Kpe3uia BiomeTtoMm JIA-Hei-
poHiB (puc.2, a—B), HalOIIBIIA KITBKICTh SKUX
BigMivaerbcs y komnakTHi# SN (SNC) (auB.
puc.2, €). Beegenns ueifporokcuny 6-I'OJJA
CYIIPOBOIKYETHCS 3HAUHUM 3HM)KEHHSM KiJTbKO-
cTi 3a0apBIICHUX HEHPOHIB Ha 0OIIi eTeHeparii
(3miBa; quB. puc.2, r—e). Ciig BIIMITUTH, IO Y
BCiX TPBHOX JOCHIMKEHUX 30HaX SN jgereHepa-

%

1 7 1
ol . 7z
40 % % 2
7] _
d | .
R | BEN |

Puc. 1 Brums TpuBanoro mio060Boro OCBITICHHS Ha PyXOBY
AKTHBHICTH IIypPiB 3 eKCIEPUMEHTAIBHUM TeMiNapKiHCOHI3-
MoM (arromopdiHoBHii TecT): | - KUTBKICTH ITypiB, SIKi pearyioTs
IHTCHCUBHAMU POTAIliifHUME pyXxamH, [l — KiTbKiCTh OIypiB,
sIKI pearyloTh MEHII iHTeHCHBHUMH POTAllifHUMH pyXaMH,
III - KiTBKICTB HIYpIB, SIKI HE PEaryroTh POTAIITHUMHE PyXaMH;
1-6-I'OJ1A, 2- 6-'O1A Ta ocBiTICHHS

9]
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THUBHI 3MiHHM BigMivanuca y 90 % J{A-HeipoHiB
(nuB. puc.2,x).

Otxe, 6-OJA—ingyKkoBaHEe YIIKOJKEHHS
JA-neiiponiB SN, sike J€XHUTb B OCHOBI €Kc-
MEepPUMEHTAIbHOTO TeMINapKiHCOHI3MY, ITiJI-
TBEP/UKYIOTh MMOBEIHKOBA aCUMETPisl PYyXOBOT
AKTUBHOCTI B Apo-TecTi 1 MOopdonoriuauii
aHaii3 pydHyBaHHS 3HauyHOi yacTuHH (90%)
JA-cuHTe3yBanbHUX HEHPOHIB.

Ocobnusocmi medynaproeo NO-epeiunozo
KapOio8acKyIapHO20 KOHMPOIO Y WYPI6 3 eKcne-
pumenmanivHum ceminapxinconizmom. Ilpu xBo-
po6i [Mapkincona y SN roauHU HAIMIPHO MTOCH-
moeTbes nponykuist NO 3a paxyHOK HaAMipHOL
aktuBauii i30¢opm nNOS 1 iNOS [4]. [ToxidHo
IO pe3yabTariB, OTpUMaHuX st SN, y TOBracTo-
MYy MO3KY TaKHX IyPiB MH CIIOCTEPirajik 3HaYHEe
(ma 254,3 %, Bix 1,4+0,13 no 4,96+0,22nmos1s/
xB.; P<0,05) nigsumenns akruBHOCTI INOS, 1110

€ O4iKyBaHUM 1 CBIIUYUTH MPO PO3BUTOK HITPO-
3aTHUBHOTO cTpecy. BogHouac, Ha BiaMiHY Bix
SN, y moBractoMy MO3Ky IIypiB i3 AedinuTom
eHmoreHHoro JIA cmocTepiraeTbCs TEHACHITIS
110 3HIWKEHHs akTUBHOCTI ¢NOS mopiBHIHO 3
Takol y KOHTPOJBHUX TBapuH. 30Kpema, ak-
TuBHICTH ¢cNOS y I0BractoMmy MO3Ky LIypiB
3 €KCIEPUMEHTAIbHUM TeMiMapKiHCOHI3MOM
3HUXKYEThCA Ha 24,8% (P>0,05), Bin 5,44 £ 0,35
MOJIb / XB y KOHTpOJi 10 4,09 £ 0,13 (P>0,05),
IO CIIPUSi€ 3HMKEHHIO KOHCTUTYTHBHOTO CHH-
te3y NO (puc.3). Ockineku y Heliponax LHTHC
ekcnpecyeThes nepeBaxxkHo nNOS, a eNOS
eKCIIPECYEThCA TITBKU B ACTPOILUTAX 1 €HI0Te-
JMiaJIbHUX KIITHHAX MO3KOBUX CyIuH [28], ciifg
BBaXATH, 110 NpU ACPIlUTI HIFPOCTPIaTHOTO
noaminy cunre3 NO B HelipoHax JOBracToro
MO3KY 3MEHIIYETHCA 32 PaXyHOK MPUTHIYCHHS
aktuBHOCTi came nNOS.

HopMa

fereHepadis

2004 ]

160

o

KifbKiCTb HEMPOHIB

120

80 1

40 1
4 G *
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Puc.2 Mikpodororpadii 30 4opHOI cyOcTaHIIii cepen-
HBOTO MO3Ky. Ha a,0,B -ppoHTaNbHI 3pi3u KOHTPOIBHOT
(npaBoi) MONOBUHK MO3KY, Ha TL1,e - GPOHTANbHI 3pi3u
MO3Ky i3 6-T'OJIA -iHIyKOBaHUMH JeTeHEPATHBHUMH
3MiHaMH A0 aMiHEepriYHUX HEHPOHIB YOpHOT cyOCTaH-
1ii, Ha € -TicTorpamMa JereHepaTuBHUX 3MiH HEHpOHIB
4opHOi cybcraniii. Ha oci opauHar — KinbKicTh goda-
MiHepriyHuX HeWpoHiB y 3pi3i (n=21), Ha oci abcuuc —
JUISTHKY 40pHOT cyOcTaniii: I- substantia nigra medialis,
SNM, II- substantia nigra compacta, SNC, III- substantia
nigra lateralis, SNL. 3abapBiieHHsI HEHPOHIB Kpe3ui
BiosietoM. Bili CTOBMYKMKN — HOPMA, YOPHi CTOBITYUKH
- JIleTeHepalrtist
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Puc. 3. AxTuBHICTh KOHCTUTYTUBHOT NO-CHHTa3H y J10Brac-
TOMY MO3KY LIYpiB 3 €KCIIEPUMEHTAIbHUM I'eMinapKiHCOHI3-
MOM: 1- KOHTpOJIb, 2- micis AereHepanii qohamMiHepridyHuxX
HEeHpoHiB, 3- micns nereHepauii fopaMiHepriyHUX HEHPOHIB
Ha (oHi 11107060BOTO OCBITICHHS TBAPUH BIIPOIOBK 3 THK

TpeOa 3a3HaYMTH, IO pe3ynbTaTH 0i0Xi-
MIYHUX TOCHIIKEeHBb J00pe y3TOIKYIOTHCS
3 ¢iziomoriuaumu. Tak, aktuBamis nNOS y
HIypiB 3 €KCIEPUMEHTAJIbHUM TeMiNnapKiHCO-
HI3MOM 3a JIOMOMOTO0 iH’ekuii L-aprininy
y MeNyIspHi siapa, sKi 3aJ1y4eHi y HEpBOBUH
KOHTPOJIb (pyHKIIi KpOBOOOITY, CynmpOBOIKY-
BaJIacsl 3HaUHUM I10CIa0JEHHAM TIIOTEH3UBHUX
e(exTiB, MOPIBHAHO 3 KOHTposeM. Tak, y urypis
3 eKCIepUMEHTalbHOI0 XBopoOoto [Tapkincona
in’exuii L-aprininy (1071 mons/n) B AMB, LRN

A%1  AMB LRN PMN
0

54

-101

N

-151 2

-201

.25 11 1
A

i PMn npusBogunu 1o 3HuwxkeHHs1 piBHI CAT
Ha 13,4, 11,6 1 12,8% BIiAMOBIHO MOPIBHSIHO
31 3HMOKEHHSIM IILOrO MOKa3sHuKa Ha 23,8, 18,2
122,4 % (P<0,05) BigmoBimHO y KOHTPOIbHHUX
TBapuH (puc. 4).

Takum ynHOM, TOCa0NeHHS €(EeKTiB iH €KO-
BaHOTO B MEAYJSPHI snpa L-aprininy y mypis
13 jereneparuBHUMH 3MinaMu JJA-ueiiponis SN
Y3TOIKYETHCS 3 pe3yabTaTaMu 010XiMi4YHOTO J10-
CJIIDKEHHS PO 3MEHIIEeHHS akTUBHOCTI NNOS
1, BIITIOBITHO, 3HUKCHHS KOHCTUTYTHUBHOTO
curte3dy NO uyepe3 L-aprinin — ¢cNOS-muisx
Ha piBHI IOBracToro Mo3ky. B 6ioximiuHOoMYy i
¢izionoriyHOMy JOCIIKCHHSIX MU aHaJli3yBallnd

A% AMB LRN PMN
0

-5
-104
-154
-204 § §
-251

a
AMB LRN PMN

A%
10 1

A%
AMB LRN PMN
0

-5

101

-154

-20 1

L

-25- B
b

Puc.4 Edexru in’exuiit L-aprininy (1071° Moss/i1) B s1pa 10BracToro Mo3Ky LIypiB 3 eKCepUMEHTATLHIM FeMiNapKiHCOHI3MOM
Y HOPMaJIbHOMY CBITJIOBOMY PEXHMi (A) 1 IiCIs TPUBAJIOrO I0000BOT0 OCBITIACHHS 1uX TBapuH (b).

Ha A: 1- xoHTpOmB, 2 - micsis AereHepanii fopaMiHepriyHUX HEHPOHIB YOPHOT cyOCTaHIIi].

Ha B: a - xoutpons (L-apriuin, 107'° Mosis/i), 6 —ypu 3 reMinapkincoHi3MoM micis 3-TuskHeBoro ocsitienns (L-aprinin, 108
MOITB/TT), B — IIypH 3 TeMiMapKiHCOHI3MOM Micjis 3-TukHeBoro ocsiTnenss (L-aprinin, 10 moms/m). AMB- oGoninbHe sapo,
n.ambiguus, LRN-narepanbhe peTukynspHe supo, PMn — mapamenianse siipo
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rpyny TBapHH 3 MAKCUMAJIbHUM YIIKOJKESHHSIM
JIA-cuHTe3yBallbHUX HEHPOHIB YOpHOI CyO-
CTaHIIII.

Egexmu mpusanoeo oceimienns meapun Ha
JlA-npodykyroui netiponu SN na modeni excne-
PUMEHMANbHO20 2eMinapKinconismy. Tpusane
(BIIpomOBK 3 THXK) 11JI0000BE OCBITICHHS IIY-
piB i3 nereHepaTuBHUMH 3MiHaMu JA-HeHpoHiB
SN cynpoBomkyBanocs 30iIbLIICHHSAM KiJIbKO-
CTi ymKoMKeHNX HeHpoHiB. 3okpema, 60,0%
TBapUH BIAMOBiMaTd Ha CHUCTEMHE BBEICHHS
ApoO IHTEHCUBHUMHU 00EpTalbHUMHU PyXaMH
(momo 42,6% y kouTpoii), 5,0% (momno 3,6%
y KOHTpPOJIi) BUKOHYBaJIM HE3HAYHI 00epTaibHi
pyxu. [Ipu iboMy 3MeHIIHIACS KiBKICTh He-
YIIKO)KEHUX a00 HEAOCTaTHbO YIIKOJKEHUX
Heiiponis: 35,0% (momo 53,8% B KOHTPOI1 ) HE
BUSIBWJIM TIOBEIIHKOBOT acUMeTpii B ApO-TeCTi.
(muB. puc. 1).

Bnaue mpusanoeco oceimnenns na medy-
JMAPHULL KApOio8ACKYIAPHUL KOHMPOLL Y WYPie
3 eKCnepuMeHmailbHumM 2eMinapKiHCOHIZMOM.
[Ticnst TpuBaoro 1ijg0A000BOTO OCBITICHHS
HIypiB CIIOCTEPITaEThCS 3HAUHE MOCIA0ICHHS
aktuBHOCTI cNOS y noBractomy MO3Ky (AHB.
puc.3, TabnuIs), sKe MPU3BOJUTH IO MPUTHI-
yeHHs de novo cuHTe3y NO. Tak, akTHBHICTB
c¢NOS y roMoreHari J0BracToro Mo3Ky 3HHUXKY-
€Thes OLIbIe Hixk BABIYi 10 2,46 £ 0,80 mMob
/ xB (P<0,05) mopiBusino 3 5,44 + 0,35 nMounb
/ XB y KOHTPOJBHUX LIypiB. OTpUMaHi pe3yib-
TaTH CBiAYaTh PO T€, [0 TPUBAJIE OCBITICHHS

TBAapUH CyNPOBOKY€ETHCS 3HAUHUM 3HHKCHHSIM
cuare3y NO y mpoBractomy Mo3Ky mypiB. [lpu
LbOMY TaKOX 3HUXYeTbCsA cuHTe3 NO B TKa-
HUHAX 1 MITOXOHAPIAX cepis (AUB. TaOIUIIO),
T00TO opymieHHs B cuctemi NO Big0yBaroThCs
HE TUTBKH B IEHTPAJIbHUX, aJle TAKOXK y nepude-
PUYHHUX €JIEMEHTaX CUCTEMHU KpoBooOiry. Ilpu
TPUBAJIOMY I1I0I000BOMY OCBITJIEHHI IIypiB
CIIOCTEPITAETHCSA TAKOXK MOTIHOJICHHS HITPO-
3aTUBHOTO CTpecCy, IpO M0 CBIIUHTH 3HAYHE
nigBuieHHss aktuBHOCTI iINOS y moBracromy
MO3KY 1 cepui (AuB. TaOIULIO).

Tpeba Takox 3a3HauuTH, 010 y (iziomoriy-
HHUX €KCTIEpUMEHTAaX Ha TBAPHUHAX 3 TeMiMapKiH-
COHI3MOM TIICJISI TPUBAJIOTO OCBITICHHS MU HE
Biamivanu 3pyuens piBas CAT npu BBeneHHI
L-aprininy B xonuentpauii 10-1° mons/i, a B
xoHuentpanii 10-® monw/n cnocrepiranucs cra-
tuctuaHo HeBiporiaui (P>0,05) rimoreH3uBHi
peakuii (PMn), abo B3arasi po3BUTOK rinepTeH-
suBHEUX peakiii (AMB i LRN) y crpykrypax
JIOBracTOro MO3KY, B sIKUX ekcripecyeTbess nNOS.
3okpema, BBeaeHHA L-aprininy (10-® mons/m)
B PMn BHKIMKanIo CTaTUCTUYHO HEBIpOTiJHI
3minu piBHst CAT: ioro 3Hmxenns Ha 11,6 %
(P>0.05) abo He3HauHE MiIBUINCHHS B CEPEli-
HpOMy Ha 6,3 1 7,4 % (P>0,05) y AMB (n=10)
i LRN (n=10). Tiapku mpu 30iJbIICHHI KOH-
nenTpanii 1o 10 monw/n in’exuii L-aprininy
CympoBOKyBanucs 3HMKEHHsAM piBHSI CAT y
Bcix Tpbox sanpax: y LRN, AMB i PMn na 22,2,
21,21 11,2 % (P<0,05), To6TO BOHO HaOMM*Ka-

AKTHBHICTb (IIM0JIb/XB) (pepMeHTIB CHHTE3y OKCHIY a30Ty B YMOBAaX TPHBAJIOI0 IiJ101000BOr0 O0CBiT/IICHHS

. NO-cuHTa3a Aprinasa
Cxema nocminy -
KOHCTHTYTHUBHA iHaynuOenbHa
JloBracTuii MO30K
Kontpoinp 5,44+0,35 1,40+0,13 1,03+0,12
OcBiTaeHHS 2,46+0,80 12,13+1,01 3,76+0,42
Cepre
Koutpons 6,38+1,14 1,25+0,35 1,13+£0,14
OcBiTieHHs 1,09+0,43%* 11,52+4,1%* 2,7540,46%*
Mirtoxonpii cepus

Kontpoup 3,64+0,27 1,5+0,06 2,11+0,17
OcCBIiTICHHS 2,07+0,5 6,16+1,24 6,27+0,77***

* P<0,05; ** P<0,01; *** P<0,001 mopiBHSHO 3 KOHTPOJIEM
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JOoCA 710 3HAYCHBb Y KOHTPOJBbHHUX LIYpPiB MpPH
BBEJICHHI aMiHOKHCJIOTH B KOHIICHTpaIil 10-10
MoJIb/1 (puc.5).

OTxe, TpuUBaJe MiI0000BE OCBITICHHS IITY-
PiB 3 eKCTIEPUMEHTAILHUM TeMINTapKiHCOHI3MOM
CIIpUSIE MOAATBIIOMY 3MEHIICHHIO MPOAYKIIii
NO B 1neHTpaJIbHUX (JIOBracTHl MO30K) i Te-
pudepuunux (cepue) MexaHizmax peryismii
¢byHKIIiT KpOoBOOOITY.

Curig BiAMITUTH, IO B yMOBax TPHUBAJIOTO
iJI0M000BOTO OCBITICHHS, HA (POHI 3HAYHO
3HIKeHoi akTuBHOCTI ¢cNOS B 4 pasu nijgBu-
HIY€ThCSI aKTUBHICTh apTiHa3u, iHIIOTO EH3UMY,
10 BUKOPUCTOBYE L-aprinin sik cyOcTpar ans
MeTabOoIIYHUX MePEeTBOPEHb Ha KOHKYPEHTHIH 3
c¢NOS ocHoBi. B 1boMy BUMMaAKy 3HIKCHHS aK-
tuBHOCTI cNOS Moxe OyTH HacHiAKOM AedinnuTy
L-aprininy juist MeTa0OJIiYHUX MepeTBOPeHb. B
YMOBaX TPUBAJIOTO I1i710J000BOr0 OCBITICHHS
y LIypiB 3 €KCIEPUMEHTAJIBHUM IreMilapKiHco-
Hi3MOM TOTJIHOTIOETHCS HITPO3ATHBHUM CTpeEC
(muB. TAOIUIIIO).

OTxe, y TBAPUH 3 EKCIIEPUMEHTAIbHUM I'eMi-
MapKiHCOHI3MOM, SIKUH PO3BUBAETHCS BHACITIIOK
pyliHyBaHHs 3HauHOi yacTuHu [IA HeliponiB SN
CepeaHbOro MO3Ky, nocuabdmwoerscst NO-epriu-
HUW KOHTPOJIH PYHKIIT KpOBOOOITY KapioBacKy-
JSIPHUMHU HEHPOHAMU JOBIacTOrO MO3KY, a CaMe:
3HIKYEThCs akTuBHICTE nNOS 1, BiAnoBigHo, de
novo cunte3 NO, 10 TPU3BOAMUTD 10 3MEHILICHHSI
edexriB 11 akTuBanii npu in’exkuisx L-aprininy
B MeayJspHi sanpa. Tpusane nisiogqo6oBe oCBiT-
JICHHS IIypiB BIPOMOBXK 3 THIK, SIKE 3BHYAHHO
CYNPOBOJIKYETHCS 3MEHIIEHHSIM CHHTE3Y TOp-
MoHYy emiiza MenaToHiny [29], mornubiioe
HEraTMBHUHN BIIWB pyHHyBaHHs J{A-HelpoHiB
SN Ha cuctemy KpoBooOiry. 3o0kpema, TpuBaie
11J101000B€ OCBITICHHS MTOCIA0NIIOE ePEKTH aK-
tuBarnii nNOS y HU3II saep JOBracToro Mo3Ky,
30KpeMa B n.ambiguus, jiaTepajbHOMY 1 mapa-
MeaianHoMYy siapax. OTpuMaHi HAMHU pe3yabTaTu
TaKOX CBiJ4aTh MPO MiJBUIICHY aKTUBHICTH
iNOS y nmoBractoMy MO3Ky i1 cepui 1mypiB 3
eKCTIEpUMEHTAIHPHUM reMinapKiHCOHI3MOM, SKa
JIOJIaTKOBO MOCHUJIIOETHCS B YMOBAaX TPUBAJIOTO
i710J000BOTO OCBITIICHHS.
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NO-ERGIC CONTROL OF BLOOD
CIRCULATION IN THE MEDULLA
OBLONGATA OF RATS WITH
EXPERIMENTAL HEMIPARKINSONIZM
UNDER EXPOSURE TO CONTINUOUS LIGHT

The study was conducted on rats with unilateral damage
to dopaminergic (DA) neurons in substantia nigra of the
midbrain (experimental hemiparkinsonism). Degeneration of
dopaminergic (DA) neurons was accompanied by hyperactivity
of those neurons that remained intact and responded to
apomorphine (Apo) test by rotational movements. Depending on
the number of rotations, three groups of animals were defined.
In the medulla oblongata of rats with unilateral damage to
dopaminergic (DA) neurons, a significant increase in the activity
of inducible NO-synthase (iNOS) was observed, while the
activity of constitutive NO-synthase (cNOS) tended to decrease
compared with that in control rats. An activation of neuronal
NO-synthase (nNOS) in those rats by injections of L-arginine
in the medullary nuclei was accompanied by weakening of the
hemodynamic effects compared to those in control rats. An
exposure of animals to continuous light for three weeks was
accompanied by increasing the number of damaged DA-ergic
neurons in substantia nigra. At that, a significant decrease in
cNOS activity in the medulla oblongata was observed, leading
to the inhibition of de novo synthesis of nitric oxide (NO). The
reduction of NO synthesis in the medulla oblongata neurons
of rats with experimental hemiparkinsonism following their
exposure to continuous light was also evidenced by the reduction
of the amount of nitrite (NO,") anion.

Key words: nitric oxide; medulla oblongata; substantia nigra;
exposure to light.
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NO-3PTUYECKHUH KOHTPOJb ®YHKIIUA

KPOBOOBPAIIEHUA B ITPOAOJIIOBATOM
MO3TI'E KPBIC C OQKCIIEPUMEHTAJIbHBIM
TEMUIIAPKMHCOHHN3MOM B YCJIOBHUSX
JJIUTEJBHOI'O KPYIVIOCYTOYHOTI' O OC-
BEIINEHUA

HccnenoBaHue MpoBeICHO Ha KPbICAX € OIHOCTOPOHHUM I10-
BpexkaeHHeM nodamunaepruueckux (A) HEHpOHOB YepHOU
cyOcranuuu (substantia nigra) cpegHero Mo3ra (3KCIepuMeH-
TaJbHBIA TeMUNapKUHCOHU3M). Jlerenepanus J{A-neiiponos
YEpHOH CYOCTaHIMU CONPOBOXKIANACH PA3BUTHEM THIICPAK-
THUBHOCTH T€X HEHPOHOB, KOTOPbIC OCTAINCH HEIIOBPEK/ICH-
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HBIMH U pearrpoBayid Ha anoMopduHoBHii (Apo) TecT Bpa-
IIATeIbHBIMU JBIKCHUSAMU. B 3aBHCHMOCTH OT KOJIMYeCTBa
poTanuii, BbIAEICHbI TPU IPYIIIBI )KUBOTHBIX. J{A-HEHpOHBI
YepHOH CyOCTaHIMK pa3pyIIeHbl B 9TUX rpymnax Ha 96, 86 n
44%. B 1pooaroBaToM Mo3ry KpbIC € 3KCIIEPHUMEHTAIbHBIM
reMHUIapKUHCOHM3MOM HAaOJII0aI0Ch 3HAYUTEIILHOE MOBBI-
HICHHE aKTUBHOCTH HHIynnoOensHoi NO-cunTassl (iNOS), a
AKTUBHOCTb KOHCTUTYTUBHOM NO-CHHTa3b! IMeI1a TeHJICHIINIO
K CHIDKCHHUIO 110 CPABHEHUIO C TAKOW y KOHTPOJIBHBIX KpPBIC.
D¢ dexts nHbeKIMN L-apruanna B Meay/UIsIpHBIE sIIpa, BO-
BJICYCHHBIC B HEPBHBII KOHTPOJIb (DYHKIIMH KPOBOOOpPAILICHHS,
y 3THUX KPBIC OBUIM MEHEE BBIPAXXCHHBIMU 110 CPABHEHUIO
¢ KOHTpoJieM. /lnuTenbHoe KpyITIOCYTOUHOE OCBEIEHUE
KUBOTHBIX C 3KCIIEPUMEHTAJIBHBIM FeMHUIIAPKUHCOHU3MOM
COIIPOBOXKJAJIOCH YBEJIMUEHUEM KOJIMYECTBA OBPEKACHHbIX
JIA-3prudHbIX HEIPOHOB YEPHOI CyOCTaHIIMHU U HApYLICHUEM
MenyusipHoro NO-sprugeckoro KoHTpouis. B wacTHocTH, 3Ha-
YUTEJIbHO YMEHbIANACh aKTUBHOCTH CNOS B IIPO0JIroBaToOM
MO3Ty, 4TO IPHBOJMIIO K YTHETEHHUIO de noVo CHHTe3a OKCHia
azora. O cHrxeHnu cuHTe3a NO HelfpoHaMU ITPOJ0JIT0BATOrO
MO3ra B YCJIOBMSX HEAOCTATOYHOI'O CHHTE3a MEJIATOHUHA
CBUJICTEIILCTBYET TAKXKE CHMKCHUE ITyJI0B HUTPUT-aHHOHA U
HHM3KOMOJIEKYJIIPHBIX HUTPO30THOJIOB, a TAKKe OCIadieHne
¢dusmnonornueckux dpdexToB nHbeKnUil L-apruHuHa B Me-
IyJJISIpHbIE Apa.

KiroueBsle crioBa: okcua a30Ta; IpoJOJIr0BaThI MO3T; YepHas
cyOCTaHIMs; OCBEILCHHUE.
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BapianTu resa peuenropa nporecTepoHy sik reHeTHYHUM
(pakTOp PpU3HUKY PO3BUTKY 3arpo3JIUBOI0 a00pTy
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Busnauenus nonimopghizmis eena peyenmopa npozecmepony rs590688 C/G ma rs500760 A/G nposedero
3 BUKOPUCMAHHAM Memoody NOAIMEPA3HOI 1aHYl02060i peakyii 8 peanbHOMY Yaci y 8aA2iMHUX JHCIHOK i3
3a2po30t0 abopny (00CiOHa epyna) ma y npaKmudHo 300POSUX BAIMHUX HCIHOK (KOHMPOIbHA ePYNa,).
3a pezynomamamu eeHomunysants po3nooil aieibHUX apianmie 3HAUHO GIOPIZHABC NPU OOCHIONCEHHT
rs590688: C/C — 23,9%, C/G — 44,8%, G/G — 31,3% y nayienmis, wo manu 3azposy abopmy ma C/C —
27,2%, C/G — 58,7%, G/G — 14,1% y xonmponwuiti epyni (P<0,05 3a y°). Po3nodin anenvhux éapianmis
nonimopghizmy rs500760 cmamucmuuno He iOpisHaBca, 6 docuionin epyni A/A - 53,7%, A/G — 40,3%,
G/G — 6%, 6 konmponwvnii epyni A/A - 52,2%, A/G — 44,6%, G/G — 3,3% (P>0,05). Yacmoma minopnoi
eomozueomu G/G nonimopizmy eena peyenmopa npocecmeporny rs590688 y nayienmok 3 3a2po30t0
abopmy 6 nawtomy oocniodxcenni matiice 6 10 pazie suua NOPIBHAHO 3 HCIHKAMU MAUBAHCLKOT NONYIAYIL,
Kompi manu idionamuyure nepepusanus eazimuocmi. Ompumari pe3yivmamu ceiouams npo 3HA4HI emHiuHi
BIOMIHHOCTI 6 YACMOMI PI3HUX 8APIAHMIE NOTIMOPIZMIE 2eHA peyenmopa nPo2ecmepory ma HAsIGHICMb
KIIHIYHO20 3HAYeHHs nonimopdizmy rs590688.

Kniouosi cnosa: een npocecmeponogozo peyenmopa; norimop@iam eena, 3a2po3nuuii abopm.

BCTYII

3arpo3nuBHii a0OPT € YaCTUM yCKIATHEHHSM,
aKe BUHHMKae y 16-25% ycix BaritHocTel [1].
Cepell MaTepUHCHKUX HETaTUBHUX HACIIJKIB
3arpo3JIMBOTO abOpTy BHAUISAIOTH TaKi, SK BH-
HUKHEHHS IEepeIIe)KaHHsI IUTalleHTH, IIepeadac-
HE BiAMIapyBaHHS HOPMaJIbHO PO3TaIIOBaHOI
MJIAIEHTH, JOTIOJIOTroBa KPOBOTEUa HEBIIOMOTO
reHesy, mepegyacHuil po3puB IIIiITHUX 000J0-
HOK, KPOBOTE€YA Y PAHHBOMY HiCJISMOJIOTOBOMY
nepiofi Ta pydHe BigAineHHs mianeHTu. Cepen
HETaTUBHUX HACIIKIB 3aTPO3JIMBOTO a00PTY IS
10712 BHJIUJISIFOTh BUCOKHH PU3UK TTepeIacHIX
MOJIOT1B, 3aTPUMKY BHYTPIIIHBOYTPOOHOTO PO-
CTY IJI0JIA, HU3bKY Macy P HaApOIKEHH], BULLY
HEOHATaJIbHY CMEPTHICTh, BHIY HEOHATaIbHY
3aXBOPIOBAHICTPH Ta YACTINTy HASHICTh BPOKe-
HEUX Bax po3BUTKy [2]. Tak, cepem mpoBimHUX
YUHHHUKIB PO3BUTKY ab0OpTy pO3TrisIaaoTh,
Hacamrepen, iHpeKIiiiHI, aHaTOMIYHi, TOPMO-
HaJlbHI Ta TeHeTUYHi [3]. 30KkpemMa, IporecTepoH
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Bifirpae BKpail BaXXJIUBY pojb y 3a0e3rnedeHHi
penpoayKTUBHOT QyHKITIT KIHKH, perymsmii
MEHCTPYaJbHOIO IUKIY, IMIUIAaHTALil 3UTOTH,
PO3BUTKY MaTKH Ta 3a0e3MedeHHI MaTKOBOTO
“CIOKOI0” MPOTATOM BariTHOCTI, MOMEPEKEH-
Hi mepeayacHoro J03piBaHHS MIMHKH MaTKH
[3, 4]. Moro mecraua mix 4ac BariTHOCTI MoiKe
CIIPUYUHUTH 3arpo3y NepeprUBaHHS BariTHOCTI,
CaMOBIJIbHUH BUKHJICHD, 3aIPO3y MEpeAYacCHUX
IOJIOTIB, Mepe4acHi mojoru [4].

[IpoBigHe Micie B JiKyBaHHI 3a3HAaY€HOI
MAaTOJIOTI] OCiIal0Th IpenapaTy HaTypaJlbHOTO
nporectepony [5]. Ix Bukopucranns Hopmanizye
TOHYC MaTKH, 3MEHILYE YacCTOTy IepeI4acHOTO
BKOPOYCHHS IIMIKN MaTKH, CIIPUSIE€ TOKPAIICH-
HIO IMPKYJISLIT KPOBi B HEPBOBIi cCHCTEMI 101
[4-7]. Hdist nporecTepony peani3yeThbCs yepes ax-
THBAIIiI0 IPOTECTEPOHOBUX penentopis. Bix ix
KUIBKOCTI Ta aiHHOCTI 3aJ1e)KUTh €()eKTUBHICTD
uuXx npenaparis [8]. 3a3HaueHi peuenTopu KoIy-
€ThCSl TEHOM penenTtopa nporecrepony (PGR),
KOTPUH 3HAXOAUTHCS Ha XpoMocoMi 11q22-23 i
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CKJIaaeThes 3 8 ek30HIB [9]. Y TkaHWHAX aMHi-
oHa i xopioHa BusBieHo 17-saepunii PGR [10].
PenentopHa BifNOBib Ha MPOTECTEPOH MOXE
3ajeXaTd BiJl OJHOHYKJICOTHAHOTO IMOJIMOp-
¢izmy (SNP) PGR [11, 12]. Cranom Ha 2016 p.
onucano 5732 nonimopdizmie PGR, nporte 3a
OCTaHHI pOKHU OyJIO MPOBEJCHO JIMIIE JeKiTbKa
JIOCITIIKEHb, sIKi BKa3yloTh Ha ponb SNPs PGR
y GopMyBaHHI CXHJIBHOCTI J0 BUHUKHEHHS
3BHYHOTO HEBUHOITYBaHHS BariTHOCTI [11-16].
SNPs PGR Moxe cnpWUYHHSATH MOPYIIECHHS
ekcrpecii PGR, Tum camum 3miHIOI04M nIepedir
010XIMIYHUX TPOLECIB B OpraHi3Mi XiHKHU i
CIIPUSAIOYM PO3BUTKY IATOJIOTIYHOTO MPOLECY
Ta/abo BIIMBaTH Ha mepedir octaHHbOrO [12].
Y 2011 p. Mei-Tsz Su moxka3zas, 1o ra-
nnotun C/C, skuit popMmyeThes mpu aHamisi
SNP rs590688 (C/G) ta rs11224592 (T/C)
ACOLIIOBABCS 31 3MEHIICHHSM PHU3HKY BHHUK-
HEHHS 3BMYHOTO HEBHHOILIYBAaHHS BariTHOCTI
(P=0,004). 3aramom, me TOCTiIKESHHS ITOKa3aJio
HasBHICTE 3B 13Ky Mik SNPs PGR Ta 3puunum
HEBHHOITYBaHHAM BariTHoOcTi [15]. ¥V npomy x
POILi iHIII JTOCITHUKY TTOKA3aIH, IO Y KOTOPT1
JIATHHOAMEPHKaHIIB Ta eBporeoiniB rs500760
MOJKE BIUIMBATH Ha €()EKTHUBHICTH IPOreCTEPO-
HOBOI Tepamii 11 moTepeHKeHHS epeIdacHuX
moJjoriB y Tepmini recramii go 37 tux [11].
Came Tomy mi monimop¢izmu Oymu oOpaHi sK
HalO1IbII MEPCTIEKTUBHI B aCMEKTi BUBYCHHS
aconiauii 3 poO3BUTKOM 3arpo3JMUBOTO adopTy.
MerToro Ha1oi podoTu 0y10 BCTAHOBUTH aco-
miarito SNPs PGR rs590688 (C/G) ta rs500760
(A/G) 3 pO3BHTKOM 3arpo3JIUBOTO abOPTY.

METOJIUKA

MarepianoMm mociigkeHHs OyB OyKaabHHUH eImi-
TeJii 67 MalieHTOK 3 JAiarHO30M 3arpo3JMBUH
abopt (nocninna rpyna). [leit niarao3 BcTaHOB-
JIIOBABIIM 32 KITHIYHUMH O3HAKaMH, a caMe: IpH
HassBHOCTI OOJI0 BHU3Y KUBOTa Ta/ab0 KpPOBO-
Tedi 31 CTaTeBUX IUIAXIB PI3HOTO CTYICHS BH-
pa’keHOCTi 32 YMOBH BiZICYyTHOCTI CTPYKTYPHHUX
3MiH IIUHAKK MaTKH Ta cepueOuTTs y Mmioja 3a
nanuMu Y3J1. /1o KOHTPOJIBHOT IpyNu yBIHIUIH
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93 mpaKTHUYHO 3JI0POBUX KIHOK, IO HAPOJIUIU
SIK MiHIMYM OJIHY 370pOBY JAWTHHY Ta HE MaJH
AKyIICPChKUX YCKIIaTHCHbD.

Busnauennss SNPs PGR npoBoauiu B 1Ba
eranu. Ilepmum Oymno BuminenHs JJHK Giomo-
riYHOTO Marepiany 3 OyKalbHOTO eMiTeNifo.
Lle#t marepian 30upanu 3a JOMOMOTOK 30HJ]a
«Jiangsu Suyun Medical Materials Co., Ltd»
(Kwurait). [ns orpumanns JJHK 3 Oynb-skoro
010JIOTIYHOTO MaTepially 3aCTOCOBYBaJIM Ha-
6ip pearentie NeoPrep®® DNA «HEOTEH»
(Ykpaina). Metoj 0a3yeThcss Ha BUKOPUCTAHHI
JII3yIOYOr0 PeareHTy i3 ryaHiJIMHI301[HOHATOM,
SIKUW TIPU3HAYCHHH ISl JTi3UCY KIIITHH, COJIIO-
Oimizarnii KIITHHHOTO Ae0Opicy, a TaKkoX A
JleHaTypalii KIITHHHUX HyKJea3. 3a HassBHOCTI
nizytouoro peareaty JJHK aktuBHO copOyeThCs
na NucleoS™-cop6enTi, motim BigMHBaeThCA Bif
Oi7KiB Ta coJel CIUPTOBUM PO3YUHOM. 3TOIOM
JHK excTparyBanu i3 COpOCHTY Ta EpEHO CUIIH
y crepmibHi BinbHI Big JJIHK Ta PHK mikpompo-
oipku. Orpumany JIHK 6e3mocepenrabo BHKO-
PUCTOBYBAJH JUIS NMPOBEJICHHS MOJiMepa3Hoi
JIAHITFOTOBOI peakIii.

SNP PGR rs590688 (C/G) Bu3Hauau i3 3a-
ctocyBaHHAM TagMan® SNP Assay C 997600 10
ta 7500 Fast Real-time PCR System «Applied
Biosystems, Foster City» (CLLIA). SNP PGR
rs500760 (A/G) Bu3Havyanu i3 3aCTOCYBaH-
M TagMan® SNP Assay C 997496 10 rta
7500 Fast Real-time PCR System «Applied
Biosystems, Foster City» (CLHA). IIporpama
amrutidikarii ckiaaganacs 3 50 ukIiB (IeHaTy-
pamis - 92°C, 15 ¢, ribpuam3arisi Ta €JIOHTAIIisS
- 60°C, 1 xB), micas 9OTO MPOBOJUIN aHATI3
JMUCKpUMIHAIIT ajeseH.

CratucTuuHy 00poOKy pe3yabTariB 3aCTOCO-
ByBaJH y crenianrizoBanomy nakeri SPSS Bep-
cii 20.0. BignoBigHICTh PO3MOAiNY T€HOTHITIB
3akoHy Xapni-BawuGepra Oyna nepesipena 3a
JIOIIOMOT OO TeCTy % i3 1-M cTynenem cBobomu,
6e3 BUKOpUCTaHHS Kopekuii Merca 3a momoMo-
roto onnanH-kanbkynstopa (https:/thething.
shinyapps.io/SNPcalc/). Po3noain renorunis
Yy KOHTPOJIBHIN T'pyIIi BIiAMOBiJaB 3aKOHY Xap-
Ii — Baitabepra. J[1is BCTaHOBJIEHHS MOKIUBOI
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acoriamnii Misk mocaimkyBanumMu SNPs PGR Ta
PU3UKOM PO3BUTKY 3arpo3JIMBOro abopry OyB
3aCTOCOBAHMM METOJ X>-KpuTepito 3a Ilipco-
HOM. CTaTUCTHYHO 3HAYYIIUMH pe3yIbTaTaMH
BBaxxanu npu P < 0,05.

PE3YJBTATHU TA IX OBGTOBOPEHHSI

'eHOTHITYBaHHS MAIIE€HTIB 3 3arpo30i0 adopTy
MoKa3alo, M0 PO3IMOAiT TeHOTHUITIB y IUX TPy-
max 3a moaiMopdizmoMm PGR rs590688 cyrrero
BiapisuseThes: C/C —23,9%, C/G —44,8%, G/G
—31,3% y mamieHTiB, 010 Manu 3arpo3y adbopry
ta C/C — 27,2%, C/G — 58,7%, G/G — 14,1%
y KOHTPOJBHiIN rpymni. Bukopucrasmu tect
¥* i3 2-Ma CTyNeHsAMH CBOOOIM HaM BAANOCS
3HAUTH CTAaTUCTUYHO 3HAUYIII BiAMIHHOCTI y
po3mofini reHoTumiB B 06ox rpymax (P=0,03,
¥?=6,956). AHani3 po3MOAiNy aneliB TaKoX
BIAPI3HAE NOCHIAHY TPyNy — 4acTOTa MiHOP-
Horo anens ctaHoBmia 0,52 (B KOHTPOJBHIN
rpyti - 0,43), mpoTe pi3HUIA HE € CTATHCTUYHO
nocToBipHOIO (pHC. 1).

I'enorumyBanus 3a momiMopdizmom rs500760
MOKa3aJio, M0 CTATUCTUYHO 3HAYYIIUX BiJMiH-
HOCTEH y pO3MOJIiJIi FEHOTHIIIB cepe]] XBOPHX Ta
MPaKTUYHO 3J0POBUX KIHOK BUSABICHO HE OyIIO.
B nocnimnii rpymi A/A - 53,7%, A/G —40,3%,
G/G — 6%, B KOHTpONBHIN Tpymni A/A- 52,2%,
A/G - 44,6%, G/G - 3,3% (P>0,05, ¥*=0.917).
AHali3 po3nopiny aneniB mMaike HE BiApi3HsIE
JOCIiIHY TPyly — 4acTOTa MIHOPHOTO ajels
cranoBuina 0,261 ym.ox., B KOHTPOJIbHIN T'pyIIi

0/0

701
60 1 —
50 -
40 1
301 1
201

10 1 | |
0
CcC CG GG

a

- 0,255 ym.on.; P>0,05 (puc. 2).

Lle cBiguuTh mpo TE, WO cepea ABOX J0-
caimxyBaHux SNP PGR rs590688 mae kimiHiuHe
3HAYEHHS Ta aCOIIIOETHCS 13 PO3BUTKOM 3arpo3-
JIUBOTO abopTYy.

Ha nacTymHoMy erami MM BUPIIIWIHW TIO-
PIBHSTH OTpUMaHi pe3yjibTaTh 3 MPOBEACHUMHU
FeHOTUIYBaHHAMH B iHIIMX KpaiHax (ta0im. 1,
2). 'enorun G/G nmomnimopdizmy PGR rs590688,
KU acolilo€eThCs 31 301IbIIEHHSAM YaCTOTH
BUHUKHEHHS 3arpo3u abopTy B HaAIIOMY JIO-
CJIIJKeHHI, 3ycTpiuaeTbes B 5,1 pa3a gacrimie
cepes )KIHOK KOHTPOJBHOI TPyNH MOPiBHSHHO
3 IPAaKTHYHO 3J0POBUMH KiHKAMU TalBaHCHKO1
momynsAmii Ta y 9,5 pasa wacrimie cepen KiHOK
TOCIITHOI TPYITH MTOPIBHIHHO 3 TAMBAHCHKOIO ITO-
MyJSAII€I0, KOTP1 MaJIH 110TTaTHYHE TIEpEPUBAHHS
BariTHOCTI [15]. Pi3HUIA B pO3MOAiN 4acTOTH
rerotuny G/G SNP PGR rs500760 nopiBHsHO 3
IHITUMH TTOTYIAIIIMHA Maike BiCyTHS.

BUCHOBKHA

Posnogain renorunis npu anamizi SNP PGR
rs590688 y marieHTOK 3 3arpo30r0 adopTy Ta 'y
MIPAKTHIHO 3IOPOBUX KIHOK CYTTEBO BiNIPi3HI-
erbes (P<0,05 3a %), mo CBiAYUTEH PO ACOLI-
arito SNP 3 po3BUTKOM 3arpo3;1uBOTr0O abopTy.

Posnopain renorunie SNP PGR rs500760 y
Mali€HTOK 3 3arP03010 a0OPTy Ta y MPaKTUIHO
3I0POBHX XIHOK HE BiApi3HAETHCS.

Posmopin anensHUX BapiaHTIB TOCIIIKYBa-
HUX T€HIB Ma€ 3HAYHI MMOMYIIAIIHHI BiIMIHHOCTI:

yM.OA,.
1,0 7

0,8 1

0,6 1

C G
6

Puc. 1. Po3mopin reHoTHITIB TipW TONiMOPdi3Mi TeHa perenTopa nporectepony rs590688 Tta iioro anenis (1 — mocninHa rpyrma,

2 — KOHTpPOJIbHA TPYTIa)
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0,61
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10- l
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Puc. 2. Po3mozin reHoTtumiB npu noniMopdi3mi reHa perentopa nporecrepony rs500760 Tta #oro anenis (1 — mocninna rpyma,
2 — KOHTPOJIbHA TPYTIa)

Taomuus 1. Po3noain pisHux reHoTunis noJjiMopgizmy rena peuentopa nporecrepony rs590688 y piznux momyasiuisix

. The Hocnimkenns | docaimkenns [Biaacue gocaia-Bracue mocimia-
The International .
. International Su M. Su M. JKEHHS JKEHHS
HapMap Project . . . .
. HapMap TaliBaHCbKa TaliBancbka | VYkpaiHCbKa VYkpaiHcbka
I'enorun| EBpomneiicpka . . . . .
nonynsis (yei Project [Honynsuis [Honynsauis MOIYJISILLISL MOMYJSALIS
Y 120) el Asziaru (310poBI1 *KIHKH, | (XBOPI KIHKH, | (3A0POBI *KiH- | (XBOpPI KIHKH,
n= .
(yci, n=90) n=179 n=121) KH, n=92) n=67)
c/C n=30 (25%) n=50 (55,6%) n=123 (68,7%) n=75(62%) n=25(27,2%) n=16 (23,9%)
C/G n=58 (48,3%) n=34(37,8%) n=45(25,2%) n=42 (34,7%) n=54 (58,7%) n=30 (44,8%)
G/G n=32 (26,7%) n=6 (6,7%) n=11 (6,1%) n=4 (3,3%) n=13(14,1%) n=21(31,3%)

Tabauns 2. Po3nogin pisHux reHoTunis noxiMopgismy rena penenrtopa nporecrepony rs500760 y pisHux nmomysimisx

The International The International . .
. . Bnacue nocmimkeHHsa Bnacue gocmimkeHHsa
HapMap Project HapMap Project . . . .
I'enoTtun . ) Vkpaincbeka nonyinsuis | YkpaiHCbKa MOMYJsAIis
Epporneiicbia rory- Asiati (310poBi *kiHKH, N=92) (xBOpi *kiHKH, N=67)
nswis (yei, n=226) (yci, n=86) AP : P :
A/A n=129 (57%) n=46 (53%) n=48 (52,2%) n=36 (53,7%)
A/G n=81 (36%) n=34 (40%) n=41 (44,6%) n=27 (40,3%)
G/G n=16 (7%) n=6 (7%) n=3 (3,3%) n=4 (6%)

gactora MiHOpHOI Tomo3urotu G/G SNP PGR
rs590688 y maIieHTOK 3 3arpo30r abopTy B
HaIIoMy JOCIikKeHHI Maiike B 10 pa3iB BuIe
MOPIBHSHHO 3 )KIHKAMH TaWBaHCHKOT MOIYIIAIIIT,
KOTp1 MaJiM iliomaTu4He MepepruBaHHs Barit-
HOCTI.

Busnauenns Minopuoi romosurotu G/G
nosrimopdizmy SNP PGR rs590688 moxe 3HaiTH
3aCTOCYBaHHS y MPOBEACHHI CKPUHIHTOBHX J10-
CIiJKEHDb 111 GOpMyBaHHS TPYII IiBUIIEHOTO
PHUBHKY PO3BUTKY 3arpO3JIMBOTO abOPTy Yy KiHOK
HAIlIOI KpaiHuU.
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BAPUAHTBI 'EHA PEHEIITOPA
MPOTECTEPOHA KAK TEHETUYECKHUM
DAKTOP PUCKA PAZBUTUSA
YI'POXAIOIIEI'O ABOPTA

OmnpezeneHre NOJIMMOP(GHU3MOB T'eHa pererTopa nporecre-
pona 15590688 C/G n rs500760 A/G npoBeneHo ¢ HCIOIIb30-
BaHMEM METO/Ia TIOJIMMEPa3HON [ETTHOH PeaKIiy B PealbHOM
BpPEMEHH y OepEeMEHHBIX JKEHIIMH C yTPO30i CAMOIPOU3BOIIb-
HOro abopTa (OCHOBHAS TPYINA) U y IPAKTHYECKH 310POBBIX
OepeMeHHbIX (KOHTposbHAs rpymma). [To pe3ynbsraram reHoTH-
ITUPOBAHUS PACTIPEICIICHIE aJIebHBIX BAPUAHTOB 3HAYUTEITb-
HO OTIHMYAJIOCh mpH uccnenoBannu 1s590688: C/C - 23,9%,
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BapiaHTy rena penentopa mporecTepoHy K TeHeTHYHNH (haKTOp PU3HKY PO3BUTKY 3arpO3IHBOrO abopTy

C/G - 44,8%, G/G - 31,3% y mauueHTOB MMEBIINX Yrpo3y
adoprau C/C-27,2%, C/G - 58,7%, G/G - 14,1% y nauneHToB
KOHTponbHOH rpymnmsl (P<0,05 3a %2). Pacnipenenenue aniennb-
HBIX BapHaHTOB nonmumopdusma rs500760 crarncTuuecku He
OTJINYAJIOCh, B OCHOBHOM rpymme A/A- 53,7%, A/G - 40,3%,
G/G - 6%, B xoHTpOJBHOH Tpymme A/A- 52,2%, A/G - 44,6%,
G/G - 3,3% (P>0,05 3a ¥%). YacToTa MHUHOPHOM FOMO3HTOTHI
G/G nonumopdusma reHa perienropa nmporecrepora rs590688
y NAIMEHTOK C YIpo30ii abopTa B HallleM UCCIIE0BaHUHU TIOYTH
B 10 pa3 BbIlIE M0 CPABHEHUIO C KECHIIMHAMU TalBaHbCKOM
l'lOl'[yJ'lS[Lll/lH, KOTOPbIEC UMEJIK UAUOIIATUYCCKOC ITPEPBIBAHUA
6epemennoctu. [ToydeHHbIE pe3yabTaThl CBUICTEILCTBYIOT
0 3HAQYUTEJIbHBIX O THUYCCKHUX PA3JIMYMAX B HACTOTEC BApHUAHTOB
reHa peLenTopa MPorecTepoHa U 0 HAINYUH KIMHUYECKOTO
3Ha4YeHHs y noaumopgusma rsS90688.

KitroueBble clioBa: reH IpOreCTepOHOBOTO PELEeNTopa; MOJIH-
MOpGU3M; yrpoXKalomui abopr.

0.S. Kryvopustov!, V.E. Dosenko?

PROGESTERONE RECEPTOR GENE
POLYMORPHISMS AS GENETIC RISK
FACTOR OF THREATENED ABORTION

Determination of the progesterone receptor gene polymor-
phisms rs$590688 C/G and rs500760 A/G was provided us-
ing PCR method. To investigate the genetical precursors of
threatened abortion the next groups were included: 67 patients
with threatened abortion and 93 healthy persons. These allelic
variants have the significantly different at rs590688 study: C/C
-23,9%, C/G - 44,8%, G/G - 31,3%, and C/C - 27,2%, C/G -
58,7%, G/G - 14,1% in the control group (P<0,05 by x>-test).
The allelic variants of the rs500760 polymorphism did not
differ statistically in the study group A/A 53,7%, A/G - 40,3%,
G/G - 6% in the control group A/A- 52,2%, A/G - 44,6%, G/G
-3,3% (P>0,05 by x>-test). Distribution of minor homozygote
G/G polymorphism rs590688 progesterone receptor gene in
patients with threatened abortion in our study almost in 10
times higher in comparing with women of Taiwanese Han
population, who had idiopathic recurrent pregnancy loss. The
obtained data indicate significant ethnic differences in PGR and
show polymorphism rs590688 clinical significance.
Keywords: progesterone receptor gene; polymorphism;
threatening abortion.

1.0.0. Bogomolets National Medical University, Kyiv,
Ukraine;

2.0.0. Bogomoletz Institute of Physiology National
Academy of Sciences of Ukraine, Kyiv,

REFERENCES

1. Farrell T, Owen P. The significance of extrachorionic
membrane separation in threatened miscarriage. Br J

64

Obstet Gynaecol 1996;103:926-8.

2. Saraswat L, Bhattacharya S, Maheshwari A, Bhattacha-
rya S. Maternal and perinatal outcome in women with
threatened miscarriage in the first trimester: a systematic
review. BJOG. 2010;117(3):245-57.

3. Manukhin I. Gynecological endocrinology. Moscow.
GEOTAR Media. 2013. [Russian].

4. GrahamJ, Clarke C. Physiological action of progesterone
in target tissues. Endocr Rev. 1997;18(4):502-19.

5. O’Brien J. Progestogen safety: implications for meta-
analysis. Ultrasound Obstet Gynecol. 2012;40(4):486-7.

6. Al-Asmakh M. Reproductive functions of progesterone.
Mid East Fertili Soc J. 2007;12(3):197-201.

7. Barda G, Ben-Haroush A, Barkat J, Malinger G, Luria O,
Golan A, Bar J. Effect of vaginal progesterone, admin-
istered to prevent preterm birth, on impedance to blood
flow in fetal and uterine circulation. Ultrasound Obstet
Gynecol. 2010;36(6):743-8.

8. Romano A, Delvoux B, Fischer DC, Groothuis P. The
PROGINS polymorphism of the human progesterone
receptor diminishes the response to progesterone. J Mol
Endocrinol. 2007;38(1-2):331-50.

9. Guoyang Luo, Morgan T, Bahtiyar MO, Snegovskikh VV,
Schatz F, Kuczynski E, Funai EF, Dulay AT, Huang ST,
Buhimschi CS, Buhimschi IA, Fortunato SJ, Menon R,
Lockwood CJ, Norwitz ER. Single nucleotide polymor-
phisms in the human progesterone receptor gene and
spontaneous preterm birth. Reprod Sci. 2008;15(2):147-55.

10. Mills AA, Yonish B, Feng L, Schomberg DW, Heine RP,
Murtha AP. Characterization of progesterone receptor
isoform expression in fetal membranes. Am J Obstet
Gynecol. 2006;195(4):998-1003.

11. Manuck TA, Lai Y, Meis PJ, Dombrowski MP, Sibai B, Spong
CY, Rouse DJ, Durnwald CP, Caritis SN, Wapner RJ, Mercer
BM, Ramin SM. Progesterone receptor polymorphisms and
clinical response to17-alpha-hydroxyprogesterone caproate.
Am J Obstet Gynecol. 2011;205(2):135.

12. Kryvopustov O, Dosenko V. Single nucleotide polymorphisms
in human progesterone receptor gene and its value in miscar-
riage or preterm delivery. Fiziol Zh. 2015;61(2):111-19.

13. Su MT, Lin SH, Chen YC. Association of sex hormone
receptor gene polymorphisms with recurrent pregnancy
loss: a systematic review and meta-analysis. Fertil Steril.
2011 Dec;96(6):1435-44

14. Schweikert A, Rau T, Berkholz A, Allera A, Daufeldt S,
Wildt L. Association of progesterone receptor polymor-
phism with recurrent abortions. Eur J Obstet Gynecol
Reprod Biol. 2004;113(1):67-72.

15. SuMT, Lee IW, Chen YC, Kuo PL. Association of proges-
terone receptor polymorphism with idiopathic recurrent
pregnancy loss in Taiwanese Han population. J Assist
Reprod Genet. 2011;28(3):239-43.

16. Li Wang, Zeng Chan Wang, Cui Xie, Xiao Feng Liu,
Mao Sheng Yang. Genome-wide screening for risk loci
of idiopathic recurrent miscarriage in a Han Chinese
population: a pilot study. Reprod Sci. 2010;17(6):578-84.

Mamepian nadiuwos
0o pedaxyii 02.06.2016

ISSN 0201-8489 @Dision. scypu., 2016, T. 62, Ne 6



VIK: 612.275:576.311.347:615.322

IHopyuieHHsI CKOPOTJIMBOI AKTUBHOCTI KAPAIOMIOIIMTIB

3a il JOKCOPYOilMHY

0.0. Jinnuk!, T.I. Jipesunnka’, K.B. Tapacosa?, I.B. Iloprriuenxo!, B.€. Jocenko!,

I.M. ManbkoBcbhKa!l

uemumym ¢izionozii O.0. Bozomonvys HAH Ypainu, Kuis; >Hayionanvuuti meouunuil yrnisepcumen
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Jocniosiceno nopyuients cKopomaugol akmueHOCMi HeOHAMAILHUX KapOioMIioyumis wypie nio 6niueom
AHMPAYUKTTHOBUX AHMUDIOMUKIB, 30KpeMd, OOKCOPYOIYUHY, Ma MONCIUBICINb AHMUOKCUOAHMHOT KOpeKyii
YUx nOpyuweHs 3a 00NOMO20 KypKyminy. Kpim mozo, 0ocniodceno ponsb 3MiH pieHs MImMOXOHOPIAIbHO20
MemOpanHo2o nomenyiany 6 CKOpOMaUsil akmusHocmi kapoiomioyumis. Bcmanosneno, wo 0okcopyoi-
YUH GUKIUKAE 3HAYHI 3MIHU 8CIX NOKAZHUKIG CKOPOUEHHS NOPIGHAHO 3 KOHMPONeM: 30i1bueH s uacmomu
CHOHMAHHUX CKOPOYEHb, NOPVULEHHS IX PUMMIYHOCII, 3HUINCCHHS AMNIIIMYOU Ma 8I0COMKA BKOPOYEHHS,
NIOBUUeHHSA MAKCUMATLHOT WUOKOCIE CKOpOYeHHs | posciabnents. CymicHa iHKyOayis 3 00KcopyoiyuHom
i KYPKYMIHOM SUKIUKALA 3HAYUHE 3HUNCEHHS 4acmOmu CNOHMAHHUX CKOPOYeHb (6 3 pasu), 6I0HOGIEeHHS iX
pUMMIYHOCMI, NIOBUWEHHS aMnIimyou (8 2 pasu) ma 6i0cOMKA BKOPOUEHHS KIIMUHU 8i0 NONEPEOHbO2O
3HaueHHs, 30LIbUEeHHS MAKCUMATbHOI WeuoKocmi ckopouenis 6 1,8 pasa i nioguuyents umeuoKocmi poscia-
Onenus Ha 16 %, 6e3 3HAUHUX 3MIH MPUBALOCMI YUX NPOYECI68 NOPIBHAHO 3 MOHOIHKYOAYico 3 O0KcopyOi-
yurom. TIpu 00CcnionceHHi MImOXOHOPIAIbHO20 MEMOPAHHO20 NOMEHYIATY HEOHAMALLHUX KAPOIOMIOYUMIE
@ryopecyenmuum memooom Y10 GUAGLEHO 3HAUHE SHUICEHHS IHIMEHCUBHOCI 3a0apEieHHA MImMOXOHOPIl
nio enaueom OoKcopyoiyuny — 6 1,7 paza nopisHsaHo 3 konmponem. A cymicha iHKyOayist KIimuH 3 KypKYMIiHOM
i 00KCOpYOIYUHOM NPU3BOOULA 00 3HAUHO20 NIOBUWEHHS IHMEHCUBHOCMI (yopecyeHyil MImOXOHOpI (8
2,2 paza nopieHsiHO i3 3aCMOCYBAHHAM auuLe OOKCOPYOiyuny).

Knrouosi cnosa: oxcudamusruii cmpec, Kapoiomioyumu, MimoXoHOPIianibHutl NOMenyian, 00OKCopyOiyuH,

KYDKYMIH.

BCTYII

MiToxoHapii — 116 XOHAPIOCOMH, SAKi IMMOCTIHHO
HasIBHI B KIITUHAX TBapuH 1 pOCIUH, 3a0e3meuy-
109H KIIITUHHE IUXaHHS, y Pe3yIbTaTi 40TO eHep-
Iisi BUBIJIBHIOETHCS] 00 aKyMYIIIOETHCS B JIETKO
BUKOPUCTOBYBaHil (opmi. 3a HECHPUATIUBUX
YMOB, HallpUKJIAJ, IPU OKCUIATUBHOMY CTpeci,
CJICKTPOHHO-MIKPOCKOIIIYHE JIOCIIIIKEHHS MITO-
XOHIPiH KapAIOMIOINTIB HIyPiB BUSABIAE YITKOI-
JKEHHS, SIK1 IOJIATaloTh B HaOyXaHH1, BaKyoJi3a-
uii i gerpaganii [1]. oo simpa, To cTpyKTYpHI
MOPYLIECHHS NMPOSBIAIOTHCS TiEPXpOMaTO30M
1 pylinyBanusM. [lpu ymkomxeHHi MmemMOpaH
J130COM BiIOYBAETHCS BHUXiJ aKTUBHUX IPOTE-
OJIITHYHHUX J130COMaJIbHUX (DEPMEHTIB y LUTO-
3011b; IX pyHHIBHA Jis MOCWIIOETHCA Ha (OHI

nedinuty Mmakpoepris. Takox ciocTepiraroTbcs
nopyueHHs! QyHKI[IOHYBaHHS LIUTO- 1 €HI0TIA3-
MaTHYHUX MEMOpaH, SIKi MOKYTb HPOSIBIISITHCS Y
BHUIIISANI 301bIICHHS iX TPOHUKHOCTI, 3HUKCH-
HS TOTEHIiaIy CIIOKOI KIITHHHOI MeMOpaHH,
3MiHU PYHKIIOHYBaHHS TPAHCIIOPTHUX CHCTEM,
3HI)KEHHSI MipH CHPSDKEHHS IPOLIECY OKMCHOTO
dbochopunroBannus [1].

Bigomo, 1o qoxcopyOinyH 31aTHUN BUKITH-
KaTW OKCHUJIATHBHHU CTpec y KIiTHHaxX 1 0e3-
MOCEepPEeHbO YUIKOKYBATH LUTOILIa3MATUUHY
MeM6pany [2]. Moro oco6ausicTio € Te, 110, Kpim
XapaKTepHHUX JJIS TepeBa)KHOT OiBIIOCTI HUTO-
CTaTUKIB MOOIYHUX SBUII, JAaHUH TIpemapaT Mae
3HaYHO BUPA3HIITY TOKCUYHY [IiI0 came Ha ceple
[3]. Bin cnpuauHsie n1eCTpyKTUBHO-TUCTPOdiTHI
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ITopymieHHs1 CKOPOTIMBOI AKTHBHOCTI Kap/[ioMiOIUTIB 3a Jii JOKCOpyOiluHy

3MIiHH B MiOKapAi TBapHH: HAOPSIKaHHS OKPEMUX
M’S30BHX BOJIOKOH, JlereHepaiito Miodiopwui,
rOMOTEHi3aI[il0, BaKyoJi3alio i pe30opOIito
CapKoIIa3MM, HOPYLUIEHHS CTPYKTYpH saep
[4], 0, B CBOIO WEPTY, HETATUBHO BILJINBAE Ha
CKOpOYYBaJIbHY 3JaTHICTh KapJiOMIOIMTIB Ta
MPU3BOAUTH 10 TUChYHKIIT MioKapa i pO3BUTKY
cepueBoi HegoctatHocTi. OcTaHHIMH pOKaMu
IHTEHCHUBHO BHBYA€ETHCS PO3BUTOK OKCHJIaTHB-
HOTO CTpecy SK HailiMOBIpHIIIOr0 MeXaHi3My
KapIiOTOKCUYHOI mii aHTpanukiIiHiB. BinbHI
paJuKaiy, o YTBOPIOIOTHCS MPU 3aCTOCYBaH-
HI WX OUTOCTATUKIB, HETaTUBHO BILIWBAIOTH
Ha cepueBHil M43 1 0cOOIMBO Ha (QYHKIiIO Ta
CTPYKTypy MeMOpaH KapiomionuTis [5]. Okcu-
MIaTHBHE TOIIKOKCHHS MITOXOHIPiH TpU Po3-
BUTKY aHTPAMKIIHOBUX KapaiomiomnaTiii Oyso
MiATBEpAXKEHO HaMH paHie [6]. Ockinbku 610-
EHepreTUYHI MPOIECH B MiOKap/li, ONTHUMAabHI
111 pyHKIIOHYBaHHS cepLeBoro M’s3a, 3abes-
MEYYIOTHCSI BUKIIOUHO aleHO3UHTpU(ochaToM
(AT®), sKxuii CHHTE3YETHCS B MITOXOHAPIAX y
pe3yibTaTi OKUCHOTO (ochopuiitoBaHHS 3a Ha-
SBHOCTI MOJIEKYJIIPHOTO KHCHIO [7], TO 32 yMOB
OKCUIATHBHOTO CTpEcCy, 30KpeMa, B pe3ysbTari
BILTHBY JOKCOPYOINMHY, TPUTHIYYETHCSI CHHTE3
AT® y MiTOXOHIIPifX, 1 B KIIITHHAX Bi10yBaeThCS
MIBUKE 3HIKEHHS BMICTy KpeaTuHdpocdary,
a 3rogom i AT® [8]. Kpim toro, Kamenbko Ta
cIiBaBT. [9] BCTAHOBUIIM HEBIAMOBIAHICT MiX
BMicToM Ca2' mig yac cHCTONM 1 3HAUYCHHSIM
CHUCTOJIIYHOTO THCKY B CEpISX LIYpiB, AKi O1ep-
KyBanu gokcopyOinwH. Ile cBiqguTh mpo mpu-
THIYCHHS aHTHO10TUKOM IHOTPOITHOT aKTHBHOCTI
Mi0¢i0pHIT BHACTITOK 3HIKCHHS EHEPTeTHIHUX
3amaciB Miokapaa. Takox 3 OISy Ha CIOPij-
HEHICTh JOKCOPYOIMHY 3 KapAiodimiHOM Ta
BJIACTUBICTIO MITOXOH/IPil JENMOHYBATH BEJIHKY
kinpkicts CaZ", MokHa MPUITYCTUTH, IO HA JIit0
[BOTO TIperapary OpraHeNH KIITHHH BiIMOBi-
Jal0Th MigBuIeHuM HakonnueHHsM Ca’’. Ilpu
[IbOMY, BUSIBJICHO, 1110 MeTa0OJIiuHa aKTUBHICTh
ta capkonemanbna Ca?*-AT®a3za (SERCA)
npurniuyerbest [10]. Bei ni nopymeHHs MOXYTh
MPHU3BOJUTH J10 3aXBOPIOBAHb CEPLIEBO-CYIUHHOT
CHCTEMH 1 TOMY TOIIYK MEXaHi3MiB MOKIIHBOI
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KapIioNMpOTEKIii € HaJA3BUYAHHO aKTyaJIbHUM.

B yxxe nuroBaniil mpaui [6] Oyno nmokasaHo,
0 KypKyMiH Ma€ BUCOKY aHTHOKCHIAHTHY
aKTHBHICTH 1 3amo0irae MOpyUIEHHSIM TPO-aH-
THOKCHIAHTHOTO OajaHCcy B KapAiOMioI[HTax
npu aii mokcopyOiuuny. B opranismi monuHu
15l PEYOBHMHA BIJIMBAE HA BEJIUKY KIJIBKICTh
TpaHCKpHUNUIIHHUX (aKTOpPiB, acouilioBaHUX i3
3amajgeHHsaM [11], ODUTOKIHIB, €H3UMIB TOIIO,
peryIIIoI0YHN pi3HOMaHITHI (h1310JI0T19HI Ta TaTO-
noriuni mpouecu. KypkyMiH 31aTHII O10KyBaTH
AKTHBAIIII0 Ta TPAHCJIOKAI[IIO 13 UTOILIa3MHU B
saapo daxropa NF-kB 3a paxyHOK mepenrkoj-
KaHHS Jerpajnanii Woro iHriditopa [12,13],
Ma€ MPOTEKTUBHUM €(PEeKT MPH MOMKOIKEHHI
MioKapma Ta moromMarae 30epekeHH0 (DYHKITIH
ceprs [12].

Metoro Hamoi poboTr Oyno AOCHTIAKESHHS
MEXaHi3MiB 3MiHU PiBHS MiITOXOHIPiaJdbHOI'O
MeMOpPaHHOTO MOTEHIlially Ta BUHUKHEHHS TO-
PYIIEHb CKOPOTIUBOT aKTHBHOCTI HEOHATATBHUX
KapaiOMiOIUTIB i BIUTHBOM IOKCOPYOIIUHY,
MOXJIUBICTB X KOpPEKIIii KypKyMiHOM.

METOJIUKA

JocaipkyBanyu CKOpoYyBalibHY (YHKIIIO He-
OHATAJIbHUX KapaioMiOoNuTiB, BuaiIeHUX 3 30
mypiB diHii Bicrap. Buninenns i KyabTuByBaHHS
KJIITUH 3/1CHIOBAJIM BIATIOBITHO 10 Mo iKo-
BaHOI MeTOIUKH [ 14], mOCITiiM TPOBOAMIIN TTiCIIsSA
24 rop inkyOauii. YacToTy CHOHTaHHUX CKOPO-
YeHb Kap/[iOMIOIMTIB BU3HAYAIU i OLIHIOBAJIH
3a Metoaukoro Webster Ta cmiBaBrT. [15]: kijib-
KiCTh CKOPOUYEHb BU3HAYAIN BizyaiabHO 3a 180 C
y MMOOJIMHOKO PO3TALIOBAHUX KJIITHHAX Ha 3-TIO
100y KynbTuBYBaHHs. CKOpOoUyBasIbHY (QDYHKIIIO
FOPU30HTAJIBHO PO3TAIIOBAHUX KapAIOMIOIUTIB
peecTpyBain Ta aHAJII3yBaju 3a JOINOMOTIOIO
cuctemu ION-WIZARD (IonOptix), mo ckanye
BIIXMJIEHHS JiHii 1X Kpato mpu cKopoyeHHi [16].

Jns nocnipkeHHS MITOXOHAPialbHOTO
MEMOPAHHOTO TMOTEHIially BUKOPHCTOBYBAIH
MeTon (imyopecueHTHOTO (hapOyBanHs [17] 3
o6apsaukoM Mitotracker Deep Red FM (“Sigma
Aldrich”, USA), koTpuii mpoHHKaE yepes mias-
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MaTUYHy MEMOpaHy MITOXOHJIpPil, OKHCHIOIO-
YUCh Ta aKyMYJIIOIOUHCH JHUIIE B MITOXOHAPIsIX
3 BUCOKHMM MOTEHIiaJoM. bapBHUK PO3BOAMIN
B eTaHoii (B koHIeHTpamii 100 HMOnbB/IT) Ta
nonasanu Oic-0em3umin (Hoechst 33342) mus
3adapOoByBaHHs saep kiaiTuH. [licis gonaBan-
HSl B KyJbTYpY HEOHAaTaJIbHHUX KapJiOMiOIHUTIB
JIOKCOpYOIlUHY, KypKYMiHY YU 000X Mpernaparis,
KJIITUHU iHKYOyBaau 3 0apBHUKOM MPOTATOM 15
xB, (ikcyBamu mpenapar 2 %-m Gpopmanbaeri-
JTOM, ITICJISI 9OTO TiIPaxOBYBaJIH SICKPaBo 3adap-
OoBaHi MITOXOHJPIT 32 TOMTOMOTOI0 MiKPOCKOTIa
NikonEclipse E200 (Ha 1oBx)uHI XBUJIi 30y1KEH-
Hs1 665-644 Hm) Ta nporpamu Adobe Photoshop.

Craructuuny o0OpoOKy pe3ynbTariB mIpoBoO-
JIVUTH 3 BUKOPUCTAHHSIM €JIEKTPOHHUX TaONHIb
«Microsoft® Excel 2013», nporpamu Origin, a
TakoX 3a gonomoror PropZTest. Jlins po3paxy-
BaHHSI TOXMOKH 3aCTOCOBYBAJIH allOCTEPIOpHUN
tect (post hoc), a came — kopekuito Bonferroni.
BiporignicTh BiIMiHHOCTEH cepeaHiX 3HAYCHD
(P<0,05) Bu3naganu 3a kputepiem t CThrofeHTA.

PE3YJbTATHU TA IX OGTOBOPEHHS

BcTanoBineHo, MO MOKCOPYOINTMH BUKIIUKAE
3HAYHI 3MIHU BCiX MOKa3HUKIB CKOPOUYBaIbHOI
AKTHBHOCTI HEOHATAJbHUX KapJiOMIOIHMTIB
MOPiBHSIHO 3 KOHTpoJeM. A came: 30iJbIIeH-
HSl YaCTOTH CHOHTaHHUX CKOPOYEHb B 2 pasu,
MOPYWICHHS X PUTMIYHOCTI (KOJMBaHHS BiJ
0,98+0,25 mo 3,32+0,8 ¢), 3HWKCHHS aMILTITY-
nmm (0,98+0,1MKM) Ta BKOPOUCHHS (3MCHIITCHHS
no 4,07+0,47 %), mMiABHIICHHS MaKCUMAaJIbHOT
HIBUAKOCTI CKOpPOUYCHHS 1 po3cnabienHs (Ha
20,5 ta 19,5 % BinnoBigHO) 0e3 3HAYHUX 3MIiH
TPUBAJIOCTI IUX Tporecis (puc. 1).

IakyOarist 3 KypKkyMiHOM BUKJIWKana 3HH-
JKEHHSl YaCTOTH CIIOHTaHHHUX CKOpoYeHb Ha 11
%, OpYyIICHHSI IX PUTMIYHOCTI (KOJTMBAHHS BiJ
1,18+0,09 mo 2,9+0,14 c), 3HWKEHHS aMILTITYIH
Ha 15 %, a BkopouenHs Ha 4,3+0,18 %, 3MeH-
HICHHS] MAKCUMAaJIbHOT IIBUAKOCT1 CKOPOUCHHS 1
po3sciiabnenns (Ha 4 ta 28 %, BiAmoBigHO) Oe3
3HAYHHUX 3MiH TPUBAJIOCTI X MPOIECiB MOPiB-
HSHO 3 KOHTposeM (puc. 1).

ISSN 0201-8489 Dision. scyph., 2016, T. 62, Ne 6

CywmicHa iHKyOaItist 3 JOKCOpYyOIIIMHOM 1 Kyp-
KyMiHOM BHKJIMKaJia 3HAaYHE 3HUKEHHS YaCTOTH
CIIOHTaHHUX CKOPOUYEHb (B 3 pa3u), BITHOBICHHS
iX PUTMIYHOCTI, MiJABUINCHHS aMILIITyId B 2
pasa Ta BkopoueHHs (8,15+0,37 %), 30inbIIeHHS
MaKCUMaJIbHOT MIBUJIKOCTI CKOpoYeHHS B 1,8
pasa i miaBUIIEHHS IIBUKOCTI po3cIablieHHS Ha
16 %, Ge3 3HaYHUX 3MiH TPHUBAIOCTI IUX TPO-
IIECiB MOPIBHSIHO 3 MOHOIHKYOAIII€I0 3 TOKCOPY-
oinuHOM (puc. 1).

3HWKEHHsI aMIUTITyJd CKOPOYEHb Kapnio-
MIOIUTIB Ta BTpaTra PUTMIYHOCTI MiJi BILIHBOM
JOKCOPYOINMHY B IIMX YMOBaX MOKE IMOSCHIOBA-
THCS TIOPYIIEHHSM HOPMaJIbHOTO MIEPEPO3ITOILTY
Ca?" mix gemo i miomnasmoro. Tak, 3rigHO 3
JMiTepaTypHUMHU JaHUMH, JTOKCOPYOIMH 3HU-
xye kinbkicte SERCA Tta xonnenrpanito Ca?*
B capkoriazMatudHomy petukyiaymi (CIIP)
[18], migBUIIye YTBOpEHHS aKTHUBHHX (popm
KUCHIO, 1[0 MOXYTh CrpusTh aktuamii Ca>*/
kanbpMmoayniH3anexHoi kinazu Il (CaMKII) i
MiBUITYBAaTH BUTIK Ca2* 3 CIIP, 3HUKYIOUH
KaJlbI[iEBY KEPOBAaHICTHh KapmiomionutiB [19].
[IpurHiyeHHsI CKOPOTIAUBOi QYHKINT OCTAaHHIX
MOJKE€ TMOSICHIOBATHCH TAKOXK 1 THM, 110 y HEO-
HaTaJIbHUX KapAiOMiOLHTIB Bke uepe3 1 rox
micJst i JOKCOpyOiMHY BTPUYi i IBHIIYE€ThCS
AKTHBHICTH KallbMaiHy, IKUHA CTUMYIIOE Jie-
rpagamito TuTUHY [20], MpOTEOi3 eTacTHIHO1
JNIUISSHKY SIKOTO TMPU3BOAUTH JO0 MOPYUICHHS
J1acTOJIIYHOT Ta CUCTONIYHOT QYHKIIi KIiTHH.
[HKyOaris KIiTHH 3 KypKyMiHOM OKPEMO TaKOX
noripuryBaia QyHKIIIOHAILHUN CTaH HEOHATAb-
HUX KapJiOMiOIUTIB TMOPIBHIHO 3 KOHTPOJIEM,
IO MOKE TOSCHIOBATHCH MPOANONTOTUYHUMH
BIACTUBOCTSMHU KypkyMiny [21]. CroinbHe 3a-
CTOCYBaHHSI IpenapariB 3HaYHO MOKPALIYBaJIo
CKOpOUYyBaJibHY aKTHBHICTH KJIITHH, IO OB’ 5-
3aHO 31 3MEHIIEHHSAM MPOSIBIB OKCUIATHBHOTO
CTpecy B KapAioMiomuTax. A came 3MEHIITYyBaJio
4acTOTy CIOHTAaHHUX CKOpPOYCHB (HaOImKaio
70 KOHTPOJBbHHUX 3HAUYECHB), BiTHOBIIOBAJIO
iX PpUTMIYHICTh, aMILTITYAY HiKa Ta BiJCOTKa
BKOpodeHHs. Lli sBUIIa MOXHA TOSICHUTH TUM,
0 KypKyMiH Ma€ MPOTEKTUBHHUH €(eKT JIHIIe
MpH TOMIKOPKEHHSAX MiOKapJa Ta J0MoMarae
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30epexeHHI0 QyHKIiH cepust [13], 3MeHmytoun
SBHUIIIA OKCUJATUBHOTO CTPECy ¥ TOKCUYHHU
BIUUIMB JIOKCOPYOIIIMHY Ha ceplie 3a paxyHOK
AOT0 aHTUOKCUJIAHTHUX BJIACTUBOCTEH [22].
IIpum gocmigxeHHI MITOXOHIPiaJbHOTO
MEMOpPaHHOTO MOTEHI[IaJly HEOHATAIBHUX Kap-
JIIOMIOLHUTIB (IyOpecueHTHIM METOAOM (puc.2)
OyJ10 BUSIBIICHO 3HAYHE 3HWKCHHSI IHTECHCUBHOCTI
3a0apBIEHHS MITOXOHIPIiH i/l BILIMBOM JOKCO-
pyOinuay — B 1,7 pa3za mopiBHSIHO 3 KOHTPOJIEM
(P<0,05), o 1miIkoM MiATBEPKYE MOTEPEIH]
JaHl Mpo HOro MOUIKOJKYBaJIbHUN BIIJIMB Ha
MITOXOHApianbHUH amapaT. Takox B Hamii
MomepeaHid mpamni BigMivamocs 3MEHIICHHS
KinpKkocTi kuBUX KIiTUH [23]. Kpim Toro, €
JTiTepaTypHi MaHi, M0 HaWOUTRII TyTIHBOIO 10
YIIKO/KYBaJIBHOT 111 IUTOCTATHKIB € BHYTPIII-
Hsl MeMOpaHa MITOXOHApiH. [IpumyckatoTs, o
MPUYMHOIO TaKO1 BUOIPKOBOT /111 aHTpaLUKIIIHIB
€ 1X cropigHEeHICTh 3 Kap/ioMiniHOM, OaraTuM Ha
MOJIIHeHACUYEHI JKUPHI KHCIOTH, Yepe3 10 BiH

HalOiNpIIe MiAAaeThCs BIUIMBY 1HTCHCU(IKaIii
BUIBHOPAJUKATbHUX PEaKLii. ¥ TBOPEHHS KOMII-
JIEKCY KapAiodimiH-TOKCOPYOIlMH CYIpPOBO-
JOKYETHCS TAKUMH KOH(GOPMAIiHHUMH 3MiHAMHU
docdomiminy, SKi TOPYIIYIOTh HOTO B3aEMOJIIIO 3
cycisiHiMH MoJiekysiaMu. besnocepeaHiM HacTi -
KOM LIbOTO MOXK€ OyTH YIIKOJDKEHHS BHYTpilI-
HBO1 MITOXOH/IpialIbHOI MeMOpaHHu, 10 TPU3BO-
IHUTH A0 Pi3KOTO 301MBIIEHHS i1 TPOHUKHOCTI
JIO BITHOBJICHOTO HIKOTHHAMIIIHHIHYKICOTU Y
(HAJIH) Ta ioHiB KaJbIlit0, a TAKOX 301IbIIEHHS
IBUAKOCTI MOTAMHAHHS KucHio. Lledt mporec
CYNpPOBOJXKYETHCA 1HAKTHUBALIEIO KIIOYOBUX
CH3MMIB JIMXaJbHOTrO JIAHLIOTA 1 MOPYLICHHSIM
OKHCHO-BIJTHOBHUX IPOIIECIB y KapAiOMiOIIHTaX
[24]. AHTpaUMKIIHU MOXYTh NMPUTHIYYBaTH
KpeaTUHAaKTUBOBAHE JIUXaHHS MITOXOHJIPIH
cepusl pyHHYBaHHAM 3B 513Ky KOMIUIEKCY Kap-
HioJiMmiH-KpeaTnHKiHA3a a00 MeperKomKadn
3B’sI3yBaHHIO KPEAaTHMHKIHA3W 3 BHYTPINIHHOIO
MeMOpaHoOI0 IUX opraHel. Brpara mporo ¢ep-

c xB™! c
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Puc. 1. 3miHa MOKa3HHUKIB CKOPOTIIMBOI aKTUBHOCTI HEOHATAJbHUX KAapAiOMIOIMTIB LIyPiB NPH BUKOPHCTAHHI
JIOKCOPYOIIMHY Ta KYPKYMIiHY: a-pUTMIYHOCTI CKOPOYCHb; 0-4aCTOTH CIIOHTAHHUX CKOPOYCHB; B-TPUBAJIOCTI
CKOPOYCHHS 1 pO3CIIa0JICHHS; T-aMILTITYIU TTiKa; A-TOBKUHU KJIITHH; €-MaKCUMAaJIbHOT IIBUKOCTI CKOPOUYCHHS i
po3cnabneHHs; 1-KoHTpoub; 2-miciist 1HKyOauii 3 fokcopyOinuaom (0,5 MKMOIIb); 3- 3 KypkymiHOM (20 MKMOJIB),
4- npu X CIiJIBHOMY 3aCTOCYBaHHI B TUX caMuX go3ax. * P<0,05 mopiBHsHO 3 KoHTpOsieM, ** P<0,05 nopiBHsHO

3 JII€0 JOKCOPYOIilUHY
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MEHTY NMPHU3BOJUTH 0 OPYIICHHS 3B’ 3Ky MiX
cunte3oM AT® y MITOXOHIpPisAX 1 yTBOPEHHSAM
dbochoxpearuny [20].

[Ticns iHKyOarii KJIITHH 3 KypKyMiHOM Mi-
TOXOHIpiaTbHUN MEeMOpaHHHWH MOTEHIliaN 3pic
Ha 8 % mopiBHAHO 3 KOHTpodeM. [Ipu oMy
KIJBbKICTD KMBUX KIITHH He 30umbIniaacs [23],
10 MOKE MOSICHIOBATUCH AKTHBALI€I0 MOIYJIS-
TOpa anonTo3y pS3, sAKuii, B CBOIO Yepry, aKTHU-
BY€ NpOanonToTUYHUU mynpTuaomeH BCL-2
i uneniB cim’i Bax, Bim, Bak i npurniuye
Bcl-2 i Bel-x1. Brpara piBHOBaru mix mpo- i
antuanontoTuyHuMu BCL-2-0inkaMu BUKIIH-
Ka€ MOTIK KaJbLil0 B MITOXOHAPIi 1 3HM)KEHHS
MPOHUKHOCTI 30BHINIHBOI MITOXOHJpialbHOI
MeMOpaHu, o xae 3Mory nuToxpomy C mpoHHU-
KaTd B IIUTOILIA3MY, IPU3BOJISIYM JI0 aKTHBAIii
KackaJy Kacra3, (pOpMyBaHHS anoONTOCOMH Ta
BUKJIMKaKO4W anomnTos [25].

CymicHa iHKyOamisi KJIITHH 3 KypKyMiHOM 1
JIOKCOPYOIIIMHOM TTPU3BOAMIIA IO 3HAYHOTO ITifI-
BHIIEHHS IHTEHCUBHOCTI (DITyOpECIIeHITiT MiTOXOH-
npiit (B 2,2 pasza MOPIBHSHO i3 3aCTOCYBAaHHSIM
JIMIIE JIOKCOPYOIlMHY), a TaKoXK 301UIblIyBaia
KUTBKICTB KUBUX KIITHH [23]. OTpuMaHi pe3yib-
TaTH CBi4aTh MPO 3[aTHICTh KYPKyMiHY TIiJBH-
LIyBaTH )KUTTE3NATHICTh KyJIBTYpH HEOHATAIbHUX
KapA1OMIOIUTIB Ta IiIBUITyBaTH a00 MiATPUMY-

yMm.of.
200 ~
180 1
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140 4 |

120 1
100 1 *
80 4 T
60 1
40 4

20 1

BaTH BUXIJIHE 3HAUYCHHS MITOXOHAPiallbHOTO I0-
TEHI[iaTy 32 YMOB OKCHJIATHBHOTO TTOIITKOPKEHHSI.

MosxHa 3p0oOUTH BHCHOBOK, IO KYypKyMiH
€ TOTEHUIHHUM KapAiOTMPOTEKTOPOM, B TEPIILY
4epry, 3a paxyHOK CBOIX aHTHOKCUJaHTHHX
BJIACTUBOCTEH Ta 3AaTHOCTI MiATPUMYBaTH
MITOXOHJIpiaIbHUN MOTeHIiad, 301IbIIYIYHN
cunte3 AT® y MiToxoHIpisX 1 yTBOpeHHS (doc-
¢dboxpearuny. Ilo-npyre, KypKyMiH ONTHUMI3y€E
CKOpOYYBaJbHY 3MaTHICTh KapAiOMIOIHUTIB,
nokpanryoudn QyHKIIOHATLHUHN CTaH MioKap/a,
1 3HIDKY€ PU3UK BUHUKHEHHS KapAioMiomarii.

BUCHOBKHA

1. lokcopyOillMH BUKIUKAE 301IBIIICHHS 4aCTO-
TH CIIOHTAHHUX CKOPOYEHb KapAiOMiOLUTIB B 2
pasa, MOPYyIIeHHS X PUTMIYHOCTI, 3HUIKCHHS
aMILTITYOW Ta BiJCOTKAa BKOPOUYCHHS, ITiIBH-
HICHHS MaKCHMAaJIbHOI IBHJIKOCTI CKOPOUYEHHS
1 po3ciabieHHs, 0e3 3HaUHUX 3MIH TPUBAJIOCTI
[UX MPOIECIB.

2. lakybanist 3 KypKyMiHOM BUKJIHKaja
3HIKCHHSI YaCTOTH CIIOHTAHHUX CKOPOYCHb Ha
11 %, mopymeHHs iX pUTMIYHOCTI, 3HMKEHHS
AMILTITYIH Ta BiJCOTKA BKOPOUYCHHS, 3MCHIIICH-
HsI MAKCHMallbHOT MBUJIKOCTI CKOPOYEHHS i
po3ciiabieHHs.

*k

0 1 2

3 4

Puc. 2. 3mina iHTeHCHBHOCTI 3a(hapOOBYBaHHS MITOXOH/Piil B KYJIbTYpl HEOHATAIEHUX KapJiOMiOIHUTIB (UIyOpPECIIeHTHUM OapB-
HUKOM Mitotracker: 1-koHTpoIb; 2-miciis iHKyOatii 3 qokcopyOimaoM (0,5 MKMOIIB); 3- 3 KypKyMiHOM (20 MKMOITB), 4- TIpH iX
CHUTFHOMY 3aCTOCYBaHHI B THX caMuX Jo3ax. * P<0,05 mopiBHsHO 3 KOHTponeM, ** P<(,05 mopiBHSIHO 3 Ii€r0 JOKCOPYOIHHY
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3. CninpHa iHKyOamist 3 TOKCOpYyOiLMHOM
1 KYpKyMiHOM BHUKJIMKaJjla 3Ha4YHE 3HUKCHHS
YacTOTH CIIOHTAHHUX CKOPOYEHb (B 3 pasa),
BiTHOBJICHHSI 1X PUTMIYHOCTI, TiIBUIICHHS aM-
TUTITYIW B 2 pa3a Ta BiICOTKA BKOPOUCHHS, 30171~
NICHHS MaKCHUMaJIbHOI IIBHJIKOCTI CKOPOYEHHS
B 1,8 paza i miABUIICHHS IIBHAKOCTI po3ciia-
Onenns Ha 16 %, 6e3 3HAYHUX 3MiH TPUBATIOCTI
OUX MPOLECiB MOPiBHAHO 3 BUKOPUCTAHHIM
JIOKCOPYOIIIMHY B MOHOPEXKHUMI.

4. JlochiKeHHsT MITOXOHAPiaJIbHOTO MEM-
OpaHHOTrO MOTEHIiaJly HEOHATAIbHUX KapJio-
MIOLHUTIB (IyOPECHEHTHHUM METOAOM BHSIBUIIO
3HaYHE 3HM)KCHHsI IHTEHCUBHOCTI 3a0apBiIeHHs
MITOXOHJIPii Ii/I BIUIMBOM JIOKCOPYOIiIMHY — B
1,7 pasa MopiBHSIHO 3 KOHTPOJIEM.

5. Ilicng iakyOamii KIITHH 3 KypKyMiHOM
MITOXOH/ApiaTbHIH MEeMOpaHHMI TOTEHIIIa 3pic
Ha 8 % MOPIBHSAHO 3 KOHTPOJIEM.

6. CnisibHa iHKYOaLisg KJIITHH 3 KypKyMiHOM
i TOKCOpYOIMHOM TPHU3BOAMIIA 1O 3HAYHOTO
MiIBUIICHHS 1HTEHCUBHOCTI (IyopecmeHinii
MiTOXOHJIpiK (B 2,2 pa3a, MOPIBHSIHO 13 3aCTO-
CyBaHHSIM JIMIIE TOKCOPYOIUHY).

O.A. JIunnuk, T.A. IpeBunkasn, K.B. TapacoBa,
I.B. llopranyenxo, B.E. /locenxo, U.H. ManbkoBckast

HAPYIIEHUS COKPATUTEJbHOM
AKTUBHOCTHU KAPANOMUNOLMTOB IO/
BJIMAHUEM JOKCOPYBUILIMHA

HcciienoBanbl HApYLUIEHUsT COKPATUTEIBHON aKTUBHOCTH
HEOHATAJILHBIX KAPAUOMHOIIMTOB KPBIC IO/ BIIMSHUEM aHTpa-
[MKJIMHOBBIX aHTUOMOTHKOB, B YaCTHOCTH, JIOKCOPYOUIIMHA,
1 BO3MO)KHOCTh aHTHOKCHIAHTHOM KOPPEKIIMU 3THX Hapy-
HICHUI ¢ MOMOIIBbI0 KypKkyMuHa. Kpome Toro, uccienoBana
POJIb U3MEHEHUI YPOBHSI MUTOXOHAPUAJIBHOIO MOTEHIIHAIA
B COKPAaTUTEJIbHOW aKTHMBHOCTH KapJUOMHOILMTOB. YcTa-
HOBJIEHO, YTO JOKCOPYOWIIMH BBI3bIBAET 3HAYUTEIIbHBIE
M3MEHEHUsSI BCEX MapaMeTPOB COKPAIICHHUS MO CPABHEHHUIO C
KOHTPOJIEM: YBEJIMYEHHE YACTOThI CIIOHTAHHBIX COKPAIIIEHUH,
HapyIIEHUE KX PUTMUYHOCTH, CHUYKEHUE aMILTUTY/IBI U TIPO-
[IEHTA YKOPOUYEHUS, MMOBBINIEHUE MAKCUMAJILHON CKOPOCTH
COKpAIIICHUS U pacciiabieHust 0e3 3HaUNTEIbHBIX H3MCHEHHUN
MPOIOKUTEIBHOCTH 3TUX MporieccoB. COBMECTHAsT MHKY-
OalKst KapIMOMUOLIMTOB C JOKCOPYOHLIMHOM M KyPKYMUHOM
BbI3BaJIa 3HAYUTEIILHOE CHUIKEHHE YaCTOTHI CIHIOHTAHHBIX
cokpaleHuii (B 3 pa3a), BOCCTAHOBJICHHE UX PUTMUYHOCTH,
MOBBIIIEHHE aMILTUTY/BI (B 2 pa3a) v MPOLIEHTa YKOPOUEHHUSI,
YBEIHUYCHNE MAKCUMATTBHOM CKOPOCTH COKpariieHus B 1,8 pasa
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Y TIOBBIIICHUE CKOPOCTH pacciiabienust Ha 16 %, 6e3 3Hauu-
TEJIbHBIX H3M€HCHI/lf/i MPOAOJIKHUTEIBHOCTU 3TUX IPOLECCOB
[0 CPAaBHEHHIO C MOHOMHKYOauuen ¢ JOKCOPYyOULMHOM.
[Tpu uccrenoBaHUM MHUTOXOHAPHAIBHOTO TOTEHIMANA He-
OHaTaJIbHbIX KapAWMOMHOLIUTOB q)ﬂyOpeCLleHTHblM METOA0OM
OBLITIO OOHAPYKEHO 3HAYUTEIBHOE CHIDKCHUE HHTCHCUBHOCTH
OKPACKH MUTOXOHPHIA MOJT BIMSHUEM TOKCOPyOHInHa - B 1,7
pa3 no cpaBHeHHIO ¢ KOHTpojeM. CoBMeCTHast MHKyOarus
KJICTOK C KypKYMHHOM 1 JIOKCOPYOHIITHOM IIPUBOANIIA K 3HA-
YUTEIEHOMY IOBBIILICHUIO HHTEHCUBHOCTH (DIIyOpeCLeHIINH
MHUTOXOHIpUH (B 2,2 pa3a IO CPaBHEHHIO C NPUMEHEHUEM
TOJILKO JIOKCOPYOUIIMHA).

KitroueBble ClIoBa: OKUCIUTEIbHBII CTPECC; KapHMOMHOLIUTHI;
MHTOXOHIPUAIbHBII MOTEHIUAIT; JOKCOPYOULIMH; KyPKYMHH.

O. Linnik, T. Drevytska, K. Tarasova,
G. Portnichenko, V. Dosenko, I. Mankovska

DOXORUBICIN-INDUSED DISTURBANCES
OF CARDIOMYOCYTE CONTRACTILE
ACTIVITY

The aim of our study was to find out the mechanisms of
cardiomyocyte contractile activity disturbances under the
influence of anthracycline antibiotics and curcumin cor-
rection capabilities, to clarify the role of the mitochondrial
membrane potential changes in cardiomyocyte contractile
activity. It was investigated disturbances of contractile activity
of the rat neonatal cardiomyocytes under the influence of
anthracycline antibiotics (doxorubicin), and the possibility
of correcting these violations using antioxidant curcumin.
In addition, there was researched the role of mitochondrial
membrane potential changes in reducing contractile activity
of'the cardiomyocytes. We established that doxorubicin causes
significant changes in all reduction parameters compared to
control: increased frequency of spontaneous contractions,
violation of rhythm, lower amplitude and the shortening %,
increase in the maximum speed of contraction and relaxation
without changes in duration of these processes. Compatible
incubation with doxorubicin and curcumin caused a consid-
erable decrease of the incidence of spontaneous emission (3
times), restored their rhythm, increasing the amplitude of 2
times and the shortening % (8,15 + 0,37), rising the maximum
speed reduction to 1,8 times and the relaxation speed of
16 %, with no significant change in duration of these processes
compared to monoincubation with doxorubicin. In the
fluorescence study of neonatal cardiomyocytes mitochondrial
potential was detected a significant reduction in mitochondria
color brightness under the influence of doxorubicin - in 1,7
times compared to control. A compatible incubation of cells
with curcumin and doxorubicin resulted in an elevation of
mitochondria fluorescence (2,2 times compared to using of
doxorubicin only).

Key words: oxidative stress; cardiomyocytes; mitochondrial
potential; doxorubicin; curcumin.

0.0. Bogomoletz Institute of Physiology Natoinal Academy
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BCTYII

Busuanu ocobnueocmi 3min mopgho- i cmepeomempuyHux Xapakmepucmux yIompacmpykmypu mraHun
Jle2eHb, cepys ma M 130601 MKAHUHY, IX KANLIApU3ayii, a markojic MimoxoHOPIaibHO20 anapama KiimuH
y cmamesospinux wypie-camyis ainii Bicmap npu mpueanux @izuunux Hasanmaxcenusx. Iloxasano, wo
6NIUE MPUBATIO20 MPEHYBAHHSL 3 PO3GUIMKOM 2INOKCIT HABAHMAICEHHSL HA CMPYKNTYPHI nepety0osu M 130801
MKAHUNY, MKAHUHY J1€2eHb A MIOKapOa MOJICHA YMOGHO PO3HOOIIUMU HA 2 2pYRUL: 0eCIPYKIMUGHO20 Md
KOMNEHCAmOpHO-NPUCMOCY8anbHo20 Xapakmepy. [0 3min decmpyKmusHo2o xapaxkmepy, no-nepuie, Haje-
arcams eapiayii’ yiempacmpykmypu oap ‘€pis, 30kpema, cinepeiopamayis 6 yiiomy ma ix oKpemux wapis,
Wo noziputye ymosu oughy3ii KUCHI0, no-opyee, Cnocmepicaomsb st HOPYUWEHHsL 8 MIMOXOHOPIAX (KiIbKiCHb
NOWKOOMCEHUX opeanen 3pocmana y neeensix y 4,1 pasa; 6 cepyi —y 4,5-5,5 pasza, a ¢ m’a3i —y 3,5-12,2
Paza 3anedxicHo 6io cyononynayii Mimoxonopiii), o cynpogoONCYEmMb sl SHUNCEHHAM eHePeemUIHO20 NOMeH-
yiany mimoxonopianbro2o anapama. Jo 3miH KOMREHCAMOPHO-NPUCHIOCYBATLHO20 XapaKmepy HalelIcams
30iIbUents Kitbkocmi hyHKyionytouux kaninapie (na 80% y aumxogomy m’sa3i ma na 60% y miokapoi), wo
nonepeoHcae po3gUmMoK MOPUHHOT MKAHUHHOI 2INOKCIT; NOCUTIeHHS NIHOYUMO3Y 6 eHOOMEeNIOYUMax, akmu-
sayis mopghozenezy MimoxoHOPill, o CyYnpoBoOICYBANOCA 3POCINAHHAM KITbKOCMI Op2aHel ) IUMKOGOMY
M’s131 6 cepednvomy Ha 65%, 6 necensax —y 4 pasu, a 6 cepyi — Ha 60-80% 3anexcHo 6i0 MimoxoHOpiaIbHOI
cyononynayii; nosaea OHUX MiMoxXoHOpitl ma MimoxoHopitl 3 NOMIpHUM CmyneHem HAOYXauHs, w0 CNpusc
3POCMAHNIO eHepemuyHOl NOMYACHOCHI MIMOXOHOPIANLHO20 ANApama KiimuH.

Kniouosi cnosa: gizuune naganmasiceHHs,; 2iNOKCis HABAHMAICEHHS, MOphoeHe3 MimoxoHOpill,; Kaniiapu,
Je2eHi; MIoKapo, M 53064 MKAHUHA.

BAaTHUM CIHIBBIJHOIIEHHSIM JOCTaBKH KHCHIO
Ta MBHUAKOCTI HOTO CIIOKMBAHHS B TKaHWHAX;

Anmanrarist JJIOAWHU O HANPYXEHOI M’ A30BO1
MIiSIIBHOCTI Ta MOMYK HNUISXIB MiJBHIICHHS
¢i3uvHOI pane3gaTHOCTi Ta aepoOHOT MPOIYK-
TUBHOCTI 3aJIMIIAETHCS AKTYaJIbHOIO MPOOIEMOIO
CIOPTY BHUIIUX AOCATHEHB. lleHTpaibHUMHU
MexXaHI3MaMM Takol amanTamnii € ITiABUIIEHHSI
Ta PO3MIMPEHHS MOXITHBOCTEH (QYyHKIIIOHAIBHOI
cuctemu nuxanus (OCJl), ocHOBHUM mpu3HAa-
YEHHSM SIKOI € 3a0e31eUeHH s aJeKBaTHOT IIBU/I-
KOCT1 TIOETAITHOI TOCTaBKU KUCHIO 1 BUBEJEHHS
3 OpTaHi3My HaJUTUIIKY IBOOKUCY BYTJIEIO Bij-
MOBIHO /10 METAa0OJIIYHOTO 3aMUTy OpPraHi3My
[1]. Taka amexBaTHICTh 3a0e3MEUyETHCS aJlCK-

3HI)KEHHSI [IbOTO CIIBBIJHOIIECHHS A0 3HAYECHb,
MEHLINX HiXk 1,5, cympOBOIKYETHCSA PO3ZBUTKOM
BTOPUHHOT TKAHMHHOI T'MOKCIi, SIka TPU3BOIUTH
JI0 3MCHIICHHS ¢(EeKTUBHOCTI CKOPOUYBaJIbHOT
3JaTHOCT1 CKEJIETHHX M’ f31B Ta, SIK HACJIJIOK,
3HWKEHHS (Pi3manHoi mpare3gaTHocTi [2—4]. [Ipu
301MbIICHH] HAaBaHTAXXEHHS Ha peclipaTopHy
CUCTEMY, 31 3HAUHUM 3POCTAHHSM CIIOKMBAHHS
KHCHIO, PO3BUBAETHCA MITOKCUYHUHN CTaH, SIKUH
BUJIIISIIOTh B OKPEMUH THI T1MOKCiT — T1MOKCit0
HaBantaxkeHas (I'H) [1]. Oxni€ero 3 oCHOBHUX
xapaktepuctuk 'H € oOmexxena nudysist KucHro
B TKAHWHAX, 30KpeMa i y M’s130Bil TKaHWHI, MMi]1
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yac Horo TpaHCMIOPTY 3 CYAWH MIKPOLHPKYJIS-
TOPHOTO pycJa 10 MITOXOHIAPiH. [ 3MeHIICHHS
BIUIMBY LbOTo (hakTopa Ta MiABUIICHHS Ipa-
[e3aTHOCTI 3aBISAKHA PO3MHUPEHHIO (PyHKITiO-
HampHEX MOXiauBocteir DC/I, HeoOXimHOMIO (a
9acTo ¥ TOCTaTHHOIO) YMOBOIO MOXKE BUCTYTIATH
3pOCTaHHs Kamijsipusanii TKAHUHH, TPUUOMY
HE TUIBKU M’s30BOi, a i TKAaHMH THX OPTaHiB,
10 3aisHI y aJeKBaTHOMY KHCHe3a0e3ledeH-
Hi opraHi3Mmy, Ta/abo akTuBalisi Mopdorenesy
MITOXOHIpIH [5].

3MiHH B yOBTPACTPYKTYypi Ta (yHKIIOHY-
BaHHI MiTOXOHJIpianbHOTO amapatra (MXA)
KJIITHH Pi3HUX TKaHUH OPTaHi3My JIOAUHHU 1
TBapUH CHPUAIOTH GOPMYBAHHIO aJaNTHUBHO-
MIPUCTOCYBATbHUX 200 MATOJOTIYHUX pEaKIriit
y BIAMOBiAbh HAa BUHUKHEHHS TIMOKCUYHUX
CTaHiB pi3HOTO TeHe3y, Bkirouarouu i ['H. [o-
JIOBHOIO MATOTCHETUYHOIO JIAHKOIO MPHU LBOMY
€ TOIIKOJKEHHSI MITOXOHJIPil, IKE CIPHUYNHSIE
MOPYLICHHS! eHepro3ale3NeueHHs], afalTUBHI
K peakIlii cynpoBOIKYIOTHECS MepeOyaoBaMu
MITOXOHJIPii, SIKI CIIPSIMOBAHI Ha IMiJABUIICHHS
e(beKTUBHOCTI eHepreTHUHOTro MeTabomi3my [3,
6, 7]. dnst bopmyBaHHS aganTUBHUX MEXaHI3MiB,
MOB’A3aHUX 13 3a0€3MEUYCHHSIM ONTHUMAIBHOTO
eHepro3ale3IeyeHHs, y CIIOPTUBHIN (i3ziomorii
Ta MEIUIMHI 3aCTOCOBYIOTH Pi3HI TPEeHYBaJbHI
MiIXOMIH, SIKi CHPHUSIIOTH 3011bIIEHHIO BUTPH-
BaJIOCTI, y MEPILY Yepry, 3aBJIsiKk 3MiHaM, II0
B110yBaIOThCS y MITOXOHPIAX Ta y LIiIJIBHOCTI
KaIiasipHOT CITKH, 1 BiMIOB1aI0Th OLIBIIIN OK-
CHJIATUBHINA 3IaTHOCTI TKaHUH [3, §8].

Otxe, B jiTepaTypi Ha ChOTONHI HASIBHI
JaHI PO KOMIIEHCATOPHO-IIPUCTOCYBabHI Ta
aJanTUBHI peakuii, KOTpi GOpMYyIOThCS B Op-
raHi3mi JIOAMHM Ta TBAPUH IIiJ 4ac HAIPYKEHO1
M’s130BOi isUTBHOCTI 1 pi3NYHOMY HaBaHTa)KEHHI
y BiATOBiAs HA po3BUTOK ['H, OLIBIIICTE 3 AKHUX
noB’s3aHi 3 MOPGOPYHKIIOHATLHUMU TTepely-
JIOBaMH B TKAHWHAX Ta KJIITUHAX OPraHi3Mmy, 30-
KpeMma B ix MXA, a TakoxX y KaliJasipHOMY pycii
[IpoTe HemocTaTHICTh Ta PI3HOCHPSMOBAHICTH
pe3yabpTaTiB 0 TEMEepillHbOTO Yacy He NarTh
3MOTH C(HOPMYBATH YITKY KOHIICIIIIIO BiIHOC-
HO PO3BUTKY BTOPHHHOI TKAaHWHHOT TiMOKCIT Yy
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pPI3HHUX OpraHax Ta CHCTEMax IpPH TPEHYBaH-
HSIX, III0 BUMAarae MpoBEeACHHS 0 CIiHKeHb, SKi
MOXYTb CTaTH HiAIPYHTSAM IS MOLUIYKY HOBHUX
e(eKTUBHUX IUISXIB MiABHIECHHS aepoOHOT Ipa-
LEe3JaTHOCTI Ta BUTPUBAJIOCTI opranizmy [9, 10].
MeTa Hamoi poOOTH - BUBYEHHS 0COOIUBO-
CTel CTPYKTYpHUX 3MiH Y MXA TKaHWH JIeTeHb,
MiOKap/aa Ta CKeJICTHHX M’ 5I31B, @ TAKOXK CTYIICHS
iX xaminmgpusanii mpu TpuBaiIuX (Qi3UIHUX Ha-
BaHTAXKEHHAX B YMOBAX CKCIIEPUMEHTY.

METOJAUKA

ExkcrniepuMeHTaNIbHI 10 CITIJDKEHHSI 3MiH, SIK1 BijI-
OyBaroThCs IPU TPUBAIOMY (i3MUHOMY HaBaHTa-
KEHH1 Y TKaHWHAX JIETEHb, CEPILs Ta y M’ SI30Bil
TKaHUHI Oyio mpoBeaeHo Ha 10 cTaTeBo3piaux
mypax-camigx JiHii Bictap macor 220-250 T
(mocmimua rpymna). I'H ctBOproBanm mig gac
IUIaBaHHs TBApUH y migirpitiit xo 30-32°C Boni;
BHCOTAa BOASHOTO cTOBMHA cTaHoBHUIIa 80 cM, 110
HE JIaBaJIO 3MOTH TBaPHHAM CTOSITH Ha 3a/IHIX Jia-
nax. Tpusaine (3-TrxHeBe) Gi3HuHE TPEHYBaHHS
MOJIEJTIOBAJIN IIOACHHUM ILIaBaHHSM IyPiB MPO-
TsaroM 30 XB 3 10AaTKOBUM HAaBAHTAKECHHSIM, SKE
nigOupanu iHAWBITYadTbHO TAKUM YHHOM, 100
HIBUAKICTb CIIOKHUBAHHSI KUCHIO 10 TIOYATKY TpPe-
HyBaHb cTaHoBmia 70-75 % Bix MaKCUMaJIBHOTO
cnoxuBanusa kucHwo (VO, ), i BU3Hauamach
SK IIBHUJKICTh CIIOXWBAHHS KHUCHIO, TiCIs J10-
CSTHEHHS SIKO1 IMiJBUILECHHS HaBaHTAXXCHHS HE
Oyso 1oB’A3aHo 3 {1 MOAAJBIIUM 3POCTAHHIM
(£5 %) [11]. KonTponpHa rpyma TBapuH CKJa-
nanacsg 3 10 intakTHuX mypiB. OO0paHHS Takoi
MpOTrpaMu TPEHYBaHb aepOOHOT CIIPSIMOBAHOCTI
J1aJI0 3MOTY BCTAHOBHTH SIK QYHKIIOHAJIbHI, TAK
1 CTPYKTYpHI nepeOyqoBH, 110 PO3BUBAIOTHCA
BHACIIIOK (pi3WYHUX TPEHYBaHb, a TAKOXK BUSBH-
TH 3MIiHU aIalITUBHOI CIIPSIMOBAHOCTI TIpH (op-
myBanHi ['H cyOkommencoBanoro crynens [12,
13]. Cryniup ['H oniHroBaau 3a mokazHUKaMu
HanpysxenHs kucHio (PO,) Ta pH kpoBi, a Takox
3a piBHEM CIIOKHMBAaHHS KHCHIO Y BiZICOTKaxX Bij
VO, .. [13], 3minn PO, ta pH xpoBi Buznava-
JU 3a JAONOMOTOI0 aBTOMAaTHYHOI'O KaCETHOTO
a"amizatopa rasiB «OPTI ccA TS» (CLIA).
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BumiproBaHHS MIBUAKOCTI CIIOKUBAHHS KUCHIO
MPOBOJMIIN 3arJIbHONIPUHHATHM MaHOMETPHY-
HUM MeToJioM [14].

ITo 3akiHYeHHI €KCTIepUMEHTY TBapWH Je-
KamiTyBaJIM MiJ CJa0KuM e¢()ipHUM HApPKO30M.
Poboty Ha ycix eranax eKCIepUMEHTY BUKOHY-
BaJIK BiAMOBIIHO 110 [Tonoxkenb « EBporneiicbkol
KOHBEHLII Mpo 3aXHUCT XpeOETHUX TBApUH, LIO
BUKOPHUCTOBYIOTHCS JIJIS1 EKCIIEPUMEHTAIBHUX Ta
inmux mninei» (CtpacOypr, 1986), Ta npuHIUTIIB
I"embcincskoi Jekmaparii (2000).

Y MopdonoriuHux i MOpPOMETPUIHHUX
JOCTIPKeHHSIX BUKOPHCTOBYBAJIW 3pa3K JHUT-
KOBOTO M’s3a, CUMETPUYHHUX AUISHOK HIDKHIX
4acTOK 000X JIeTeHb i BEPXiBKH CEpIisi TBAPHH.
[IpemapaTtu nius eneKTPOHHO-MIKPOCKOTIYHIX
JIOCITIKEHb BUTOTOBIISIIIN 32 3arajlbHONPUHHS-
TOIO MeToAuKomo [15]. Dikcariifo 010JIOr1YHOTO
MaTepianxy IpOBOAMIM MUTTEBO, BHOCSYH 3pas3-
Ku B 3a0ydepenunit 2,5 % po3uuH IIIOTAPOBOTO
anpAerimay; modikcalito 3AiIHCHIOBAIN 3a JIO-
nomoroto peaktuBy Kondinga (Ha ocHoBi 2 %
0sO,, pH 7,4; «Sigmay, CIIIA); 3HEBOAHEHHS
MaTepiany BUKOHYBAJIH B CIIUPTaxX 3pOCTAIOYO]
KOHIIEHTpallii, a0COJIFOTHOMY CIIMPTIi Ta aIeTo-
Hi 3 HacTynHolo 3anuBkoio B enoH («Flukay,
Beiinapus). YIbTpaToHKi 3pi3u TOBIIMHOIO
40-60 uM xonTpactyBanu 1% po3zumHOM ypa-
HIJ anieTaTy Ta MUTPaTy CBHHIIO 33 METOAUKOIO
Peitnonbaca («Sigmay, CILIA) [15]. IIpenapaTtu
JOCIIIKYBaIl 32 JOMOMOTOI0 €JIEKTPOHHOTO
mikpockomna «I[TEM-125K» (Ykpaina). 3araib-
HYy KUIbKiCTh QyHKIioHYI0uMX Kaniispis (PK)
BH3HAYaJIN 3T1AHO 3 METOJUKOIO, 3aIIPOIIOHOBA-
Hoto Hoppeler ta criBaBT. [16] Ha ekpaHi eek-
TPOHHOTO MiKpOCKOTIa ITPU MalloMy 301JIbIICHH]
(puc. 1).

Mopdo- i crepeoMeTpUUHI XapaKTePUCTUKH
MITOXOH/piH (3araibHa KiJIbKiCTh MITOXOHPiH;
KITBKICTh CTPYKTYPHO 3MIHEHHUX MITOXOHIpIH;
CepenHil aiaMeTp MITOXOHIpPIiH; cyMa IMoBep-
XOHb MITOXOHJpPiH B OAMHHII 00’ €My TKaHUHHU
- S, ) BU3HAYAJIH 32 JIOTIOMOTOK KOMII FOTEPHOT
nporpamu Image Tool Version 3.0 (CLA) na
130-150 monsx mist KOXKHOT cepii JOCTiKEHbB.

CraTUCTUYHUN aHali3 OTPUMAaHUX PE3YIb-
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TaTiB MPOBO/IMIIN 3 BAKOPUCTAHHSIM TTaKeTa MPH-
knagHux nporpam Microsoft Office Excel 2003
3 BU3HAYCHHSM CEPEIHBOTO apH(PpMETHYHOTO
(M), crangapTHOi TOXHOKHK (M) Ta KpHUTEpito t
CrhroficHTa ISl OI[IHKK BIPOTIAHOCTI 3MiH, sIKi
BBaxkau Takumu npu P<0,05.

PE3YJIBTATHU TA iX OBTOBOPEHHS

Bbymno BcTaHOBIEHO, IO MPU CyOKOMIIEHCO-
BAHOMY CTyIEHI rinokcii HaBantaxenns PO,
apTepianbHOi KpOBi 3HWXKYyBanocsa g0 70-
75 MM pT. CT., BEHO3HOI — 710 20-22 MM pT. CT.;
pH xpoBi 3cyBaBcs y kucauii 6ik — 1o 6,86, 1o
BigmoBimae manum miteparypu [1, 13].

AHani3 3MiH yJIbTPACTPYKTYPHU JIMTKOBOTO
M’si3a IIypiB MOKa3aB, 0 TpuBasie Gi3uyHe Ha-
BAaHTa)KEHHS CyIPOBOKYBaNOCs 301JIbIIEHHSAM
rigparanii TKAHUHM, SIKE BUPAXKAJIOCs Y HAOPSIKY
reMaTornapeHxiMaTo3Horo 6ap’epa, a came — Ie-
PHKAMIIPHOTO IIPOCTOPY, YTBOPEHHSIM BaKyoOJIeH
y M’30BUX BOJIOKHAX, MOSIB1 TUISTHOK KPa€BOTO
HaOpsiKy KJIITHH Oins capkosemu. BonHowac
HassBHUMH OyJu H yIbTPacTPYKTYpHI MpPOSIBH
anmantanii m’s3iB 1o ®H. [lo-miepre, mpakTuyHO
HE CTIOCTepiragocs MOPOXKHiIX, a TAKOXK CHATUX
kamnijaapiB. IIpo aganTuBHI 3MiHH y TKaHHHI
JIMTKOBOT'O M’A3a MOYK€ CBIIYUTH 1 301JIbIIEHHS
KUIBKOCTI PyHKIIOHYIOYMX KaIApiB HA OJUHU-
L0 MJIOIII TKAaHWHH Y HIYpiB JOCHIAHOI rpynu

Puc. 1. [Ipuknan enexkTpoHOrpaMu I MiAPaxyHKY KiTbKOCTI
¢ynkmionyrounx xanisapiB (OK): HOK — kaninsapu, mo He
¢yHKIIOHYI0TH, MB - M’5130B1 BotokHa. 36. 1600
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(tabmn. 1). OctanHe gae 3MOTY IPUITY CTUTH HasIB-
HiCTh (POPMYBaHHS KOMIIEHCATOPHUX MEXaHI3MiB
B CHUCTEeMi MIKpOIUPKYISAIii, CIPIMOBAHUX Ha
MMOKpaIeHHs METa0OIIYHUX MPOIIECiB, 30KpeMa
y TJIaHI TOCTa4aHHS KHCHEM M’s3a B yMOBax
eKCIIepUMEHTATbHUX (DI3MUYHUX HABAHTAXKECHb.
B engoTenianbHUX KIITHHAX KaIiJIspHOI BHU-
CTHUJIKU BUSIBIISIIACH aKTUBAIIISl TIHOLMUTO3Y, AKY
MPUHHSTO PO3TISAIATH SIK BiTOOpaKeHHS IHTEH-
cudikaiii MeTaboTIYHUX TPOIECIB, IO MOXKE
cBimunuTH Mpo (hopMyBaHHS Ta/ab0 BKIIIOUCHHS
KOMIICGHCATOPHHUX peakilid y BiamoBias Ha ['H
[17]. ITo-apyre, cocTepiraiocss AOCTOBIpHE
301/IbIIEHHS 3araJIbHOI KiJBbKOCTI MITOXOHAPIN
cyOcapkoneManbHOi Ta iHTpamiodiopuiaspHOi
CyOTOMyIISITIiii, BUpaKEHE ACTIO OLTBITOI0 MipOTO
1010 cCybcapKoIeMaTbHUX OpTraHel (JIUB. Ta0.
1), oTxe BigOyBasiach akTuBallis MOpGOreHe3y
MITOXOH/JpPifl y BiAMOBiIb Ha HAaBaHTAXKCHHS.
Binomo, mo MixkmioiOpuisipHi MiTOXOHAPIT 1e-
pEeBa)KHO MPEICTaBICHI OpraHeIaMH BUIOBXKE-
HOi GOpPMH 31 3HAYHO PO3BUHYTHUM KOMITIJIEKCOM
KPHCT, XapaKTEepU3YIOThCs cIielliai3allicio Ha
cuHTe31 kpearuHdocdary; cydcapkoiemMalibHa
cyOmonynsiuis MiTOXOHAPiH € koMOiHalio op-
raHels BUAOBXKEHOI i KynsicTol popmu 3 moMipHO
PO3BUHYTUMHU, ayie C1a0KO OPIEHTOBAHUMU KPH-
cramu [ 18]. B Hamomy nocmimpkenHi 3011pnryBa-

JUCS TiHIHHI pO3MipH MITOXOHAPIH, CATAI0YN Y
cyOcapkoneMalbHii cyormomysmisax 0,87 MkM, a
y iHTpaMiohiOpuIIspHiil — mepeBUIIYI0YH | MKM;
3pocrasna i 3arajbHa IUT0Ia MITOXOHIPiH B OAH-
HuUIlll 00°eMy M’30B0T TKaHUHH (1quB. Ta0II. 1).
[Togexyau B MiTOXOHAPISIX BUSIBIISIIOCS TPOCBIT-
JICHHS MaTpUKcy Ta noMipHe (10 25-30 % Bix ce-
PEAHBOTO liaMeTpa MITOXOHAPIN y M A30BiH TKa-
HUHI KOHTPOJIBHUX IIypiB) HAOyXaHHS OpTraHel,
10 MOXXE CBIAYUTH MPO aKTHBAIIIO TIIKOIi3Y
[3]. Taki 3MiHM BBa)KalOThCSI IPOsIBAMU POPMY-
BaHHS KOMIIEHCATOPHO-IIPUCTOCYBAIbHUX 3MiH,
CHPSMOBAHUX Ha 3a0€3MEUYEHHs aJeKBaTHOTO
€HEePreTUYHOTO METa00II3My 1 TTomepeKeHHS
PO3BHUTKY BTOPUHHOI TKaHWUHHOI Timokcii [16].
OpHak BOHU HE € 0e33alepeuHuM CBIIUCHHSIM
nokpatmieHss GyHKuionyBaHHs MXA, OCKiTbKH
Pa3oM 3 IIMM, BCTAHOBJICHO CYTTEBE 301bIICHHS
BiZICOTKA CTPYKTYPHO MOIIKOJKEHUX OpTaHel
MOPiBHSAHO 3 KOHTPOJEM: OCHOBHI TOPYIIEHHS
TIOJIATAN Y HASBHOCTI 9aCTKOBO a0 TTOBHICTIO
BaKyo0J1i30BaHUX MITOXOHAPIH (puc. 2, TUB. Ta0MI.
1). lo Toro x y M’s30Biil TKAaHUHI crIOCTEpira-
JUCS AUISTHKY TinepTpodii M’ S30BUX BOJIOKOH,
301IBIIEHHS KUIBKOCTI BakyoJied MiXK HHUMHU,
mpoTte 03 BTpaTH iX PEeTyIsIpHOi CTPYKTYypH Ta
nposBiB gecTpykiii. [logiOHi pesynbraTu Oynu
OTpUMaHi TPH BUBYCHHI TiCTOJOTIYHOI CTPYK-

Ta0nuusa 1. Mopdo- Ta crepeoMeTpUYHi XapaKTePUCTUKH TKAHMHH JIMTKOBOI0 M’s13a IPH TPUBAJIOMY (isHUHOMY
HaBaHTa:xkeHHi (M+m; n=10)

| IToxa3sHuku

| KontposbHa rpyna | JocnigHa rpyna

3araipHa KiJIBKiCTh MiTOXOHJIPIH, OJ1." MKM™2

cybcapkonemMaabHi
iHTpamioidopuispHi

KinpkicTh CTPYKTYpHO 3MIHEHHX MITOXOHApPIH, %
cybOcapkonemManbHi
iHTpaMioiOpmIsIpHi

CepenHiit niaMeTp MiTOXOHIPIH, MKM
cyOcapkoneMaibHi
iHTpaMioQiOpIsIpHi

CyMa OBEPXOHb MITOXOHAPIN B OAUHUL 00’ €My M’s130BO1
y p p y

TKaHUHH, MKM>

cy0OcapkoneManbHi
iHTpaMioiopIIIsIpHi

KinbKicTh QyHKIIOHYIOUMX KamijisapiB, 0. MKM™>

10,3+2,4 17,8+3,1*
6,1+1,3 10,1+1,6%
3,8+0,7 13,241,4%*
0,9:0,2 11,042, 1%*
0,35+0,05 0,62+0,06*
0,58+0,08 0,76+0,07*
6,0+1,0 9,4+1,4%
3,6+0,9 5,6+0,8*
10,8+1,4 19,5+2,0%

[MpumiTka: TyT i B Taba. 2 i 3 * P<0,05, ** P<0,01 BiTHOCHO KOHTPOJIBHOI rpynu
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Puc. 2. VasTpactpykTypa M’130B01 TKAHHHU IIPU TPUBATIOMY
¢iznanoMy HaBaHTaxeHHi: MX — MiToxoHapil, M® — miodi-
6pun, B — Bakyoui. 36. 9600

TypH M’s30BO1 TKaHWHU 1 YIBTPACTPYKTYpPHOI
XapaKTEePUCTUKH CHAOTENIOUUTIB Kamiaapis
IypiB B yMOBaX €KCIIEPUMEHTAIbHOI imemii
KiHIiBKM. Ha mouarky mocCHigXeHb aBTOPH
BiMIYaJii JACCTPYKIIiIO M’I30BUX BOJIOKOH, X
¢i0po3He mepepoKeHHs, pyHHYBaHHS eHepre-
TUYHO-TUTACTUYHUX CTPYKTYP CHAOTETIOLHUTIB
kaminsapiB. O3HaKM NEPBUHHOTO aHTiOTreHE3Y,
SK KOMIIEHCATOPHOI BiMOBi/AI Ha imeMidHe
YpaxX€HHsI, CIIOCTEPITaTIOCs JTUIIE Ha 25-Ty 100y
excniepuMenry [19].

3 00Ky TKaHWHH JIETCHb NMPHU 3-THKHEBOMY
TpeHyBaHHI CIIOCTEpiranocs 3HauHe NOTipLIeH-
HS yIBTPACTPYKTYpPH aeporeMaTHdHoro Oap’e-
pa (AI'b), mo BHpaxamock y AECTPYKTUBHUX
nporecax y KIiTHHax, sKi BXOAAThH 0 HOTo
cknany. Buznauanacs pparmeHTarist eHa0TeNi10
JIETCeHEBUX KaMiJsApiB, a TAKOXK pPyHHYBaHHS eIi-
TeNiaJbHOTO IIapy, 10 MPU3BOAMIO HE TiJIBKH
10 BHYTPINIHHOATBBEOJIPHOTO HAOPSKY, ane i
710 BUXOY B IOPOXXHHUHY AJTbBEOJT EPUTPOLHUTIB,
TOOTO JI0 PO3BHUTKY T€MOPAarivHOro CUHAPOMY
(puc. 3). BuHUKHEHHS JlereHeBOi KpoBOTedi
MicyIsl BIUTUBY TPUBANIKX (Di3HYHHUX HAaBAaHTaXKCHb
OyJi0 BUSBIICHO SIK B OpTaHi3Mi JTIOAWHU, TaK i
PI3HUX eKCTIEpUMEHTAIbHUX TBapUH. [H1yKOoBaH1
TPEHYBaHHSIMHU JIETEHEBI TeMOparii mop’ 13y Th
3 OKJIFO3MBHHUM PEMOJICIIOBAHHIM JICTCHEBHUX
cynuH. [1in yac TpeHyBaHb 3pOCTa€E perioHapHUN
THCK Y JIETEHEeBUX Kaliispax, 110, MBHUALIE 32
BC€, 1 MPU3BOAUTH 110 iX po3puBy [20].
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Puc. 3. VapTpacTpyKTypa JIeTeHb IpH TPUBAJIOMY (Bi3HIHOMY
HaBaHTa)XeHHI: A — anbBeona, AI'b — aeporemarnanmii 6ap’ep,
E — epurpormru. 36. 6900

Yepes 3 twx Qi3MUHUX HaBAaHTaXEHb OyIH
BUSBIICHI AINSHKWA 3HAYHOTO MPOPOCTAHHSI
KOJIATEHOBUX BOJIOKOH Yy CTpoMi sereHs. Lle
BKa3yBaJIO Ha PO3POCTaHHS CIIOTYYHOT TKAHHHH
B pecrnipaTopHOMY Bijaini ysierenb. Taki 3MiHH
MPU3BOIATH A0 HOTipUIeHHS YMOB Audy3ii Kuc-
Hro yepe3 AI'b [21]. ®ynknis cypdakTaHTHOL
crcreMu Oyia TOPYIIEHOI0, OCKLTBKH JIaMesIpHi
TUIBIIS MakKe HEe MICTHJIM pe3epBHOTO cypdak-
TaHTa, OJIHAK, B IOPOXKHUHI aJIbBEOJI 30epiraiacs
MeBHA KUJIBKICTh aKTUBHOTO cyp(aKkTaHTa, L0
MEPELIKOAKAIO iX 3nunanHio. OUiHKY Kanijispu-
3a11ii JIereHeBoi TKAaHWHU HE TIPOBOJIUIH Y 3B’ 513~
Ky 3 0COOMUBOCTSMU ii OyI0BH 1 BiACYTHOCTI Ha
TemepilHii yac HaAiHHUX MOPPOMETPUIHUX
MiIXOAIB AN MiApaxyHKy. Mopdo- Ta crepeo-
MeTpuyHa olinka MXA TKaHUHH JIETEHb, 5IK 1y
BUIIAJKy TKAHWHH CKEJIETHHUX M’s3iB, IIOKa3aa
aKTUBi3aIiro MopdoreHesy MiTOXOHIpIH, 110
BiZirpaBajgo KOMIICHCATOPHY POJib, CIIPSIMOBaHY
Ha 1mociabJIeHHsI TPOSIBiB T1MOKCiT HABaHTAXKCH-
Hs (Tabm. 2).

Opnak npu (i3MYHOMY HaBaHTa)XCHHI
YIBTPACTPYyKTypa MITOXOHIpiH 3a3HaBajia i
CYTTE€BHUX HETaTUBHHUX 3MIiH — BHABIAIOCSH
pyHHYBaHHs 30BHINIHBOI Ta/ab0 BHYTPIIIHBOT
MITOXOHApPiaTbHUX MeMOpaH, MeMOpaH KpHCT
tomjo. Crnoctepiranocs pizke (y 4,1 paza)
301JIBIICHHS 1 KiIJIBKOCTI TaKUX CTPYKTYPHO IO-
IIKOJDKEHUX opraHes. ToOTO MOXKHaA BBaXKaTH,
10 OAHUM 3 TPOBITHUX MEXaHI3MiB PO3BUTKY

ISSN 0201-8489 @Dision. scypu., 2016, T. 62, Ne 6



K.B. Po3osa, T.B. Boxnrosa, K.P. Tumormenko, }0./]. Binanuyk, JI.M. I'ynina, B.B. Be3yrna

Taomuus 2. Mopdo- Ta cTepeoMeTpUYHI XapaKTEPUCTUKY TKAHUHM JiereHb NpH (isuyHOMY HABAHTAKeHHI

(M£m; n=10)
KonTtponbsHa Jocninna
IToka3znuku
rpymna rpymna

3aranpHa KilbKicTh MiTOXOHAPIH, 0.  MKM ™2 9,6+0,2 15,0+£1,1%
KinpKicTh CTPYKTYPHO 3MIHEHHX MITOXOHAPIH, % 4,6+0,5 18,8+2,1**
Cepenniii giaMeTp MITOXOHJAPiH, MKM 0,39+0,01 0,73+0,08*
CyMa 110BEpXOHb MiTOXOH/Ipiii B OIMHHIL 00’ €MY TKAHMHHM JICTEHb, MKM 5,7+0,5 8,4+0,8*

BTOPUHHOI TKaHWHHOI TiMOKCii (IpUHAWMHI y
CHCTEMi 30BHIINIHLOTO TUXAHHS) IPH TPHBAIIO-
My Qi3UYHOMY HaBaHTAXKCHHI € CaMe PO3BUTOK
MITOXOHIpiasibHOT nuchyHKIii. BogHouac Bij-
OyBasocs 3HauHe (Maiike JBOpa3oBe) HaOyXaHHS
MITOXOHAPiH (AMB. Ta01. 2), 10 MOYKHA PO3TIIf-
JATH SIK NepIIni eTan 3arudesi Hux opraHen 3a
HEKPOTHYHUM THUIIOM [22].

3 60Ky Miokapjaa mpu TpuUBaiIoMy (Qi3UIHO-
My HaBaHTa)KEHHI CIIOCTepiragocs 3HauHe (Ha
55,9 % mopiBHSAHO 3 KOHTPOJEM), 30UIBIICHHS
KiIbKOCT1 QyHKLIOHYIOUHMX Kamiispis (Tadum. 3).
Taxki MmopdooriyHi 3MiHU PU3BOIATH JI0 CYTTE-
BOT0 301TBITICHHS iIHTEHCHBHOCTI KPOBOOOITY TI0
MIKPOIUPKYJISITOPHOMY PYCIy Ta MONIMIIEHHS
eHeprozade3neueHHs] CKOPOTIMBOT NisTbHOCTI
kapaiomionuTiB. [locuiieHHs KamiIsipHOTO KPO-
BOOOITY CBIIYMTH TAKOX MPO 3POCTAHHS KiJb-
KOCTI ITUPKYIIOIOYNX EPUTPOLHTIB Yy KaITiaspax
MioKapJa, poCTy KHCHEBOi EMHOCTI KPOBI 1, BifT-

TTOBiTHO, 3MEHIIIEHHS TKAHWHHOI TiMmoKcii [23].

Taxox BUSIBIEHO CYTTEBE 3pOCTaHHS 3arajb-
HOT KUJIBKICTh MITOXOHJIPiH 000X CYyOTOMYIsIIIii,
110 BKa3y€ Ha pealibHy aKTUBaILlit0 MOPGOTCHE3Y
3a/J1s MiATPUMAHHS aJlecKBaTHOTO €HEProyTBO-
peHHs B TKaHUHI cepus npu po3Butky I'H (puc.
4, nuB. tabn. 3). [lpu npomy 30inbIIYBaBCS i
BiZICOTOK CTPYKTYpPHO 3MiHEHHX MITOXOHJpIi,
OJIHAK Ha TJi 3araJIbHOTO CYTTEBOTO 3POCTAHHS
KIIBKOCTI cyOcapkojeManbHUX Ta iHTpamiodi-
OpUISIPHUX MITOXOHAPiH MOXKHA TOBOPHUTH PO
301IBIIEHHS KUIBKOCTI OpTaHeN 3 HaTUBHOIO
YABTPACTPYKTYPOIO, 3AaTHUX 10 CUHTE3Y MaKpO-
epriB. CepenHiii giameTp MiTOXOHAPii OyB O171b-
UM y opraHes 000X cyOnonyJsiiii BiJIHOCHO
BH3HAUYEHOT'O B MiOKap/ii KOHTPOJIbHUX TBAPHUH.
Crnix BIIMITHTHU 3pOCTaHHS S, ot (nuB. Tabm. 3).
JaHi nocnigKeHb IHIIUX aBTOPiB, OTPUMaHUX
npu cyOMakCHMalbHOMY HaBaHTAXEHHI1, TEX
CBIiYATh TPO 30UIBIICHHS KIJIBKOCTI Ta 00’€-

Tadmuus 3. Mopdo- Ta cTepeoMeTpUYHI XapAKTEPUCTUKH TKAHUHH ceplUd NpH GisHYHOMY HABAHTAKEHHI
(Mzm; n=10)

| IToxkasHukmn

| Kontposnbna rpyna | Jocnigna rpymna

3arayipHa KUIBKICTh MITOXOHJIPIH, OJ1./MKM?
cy0OcapkonemManbHi
iHTpaMiodiopmIsIpHi

KinpKicTh CTPYKTYPHO 3MIHEHHUX MITOXOHApPIH, %
cyOcapkonemManbHi
iHTpaMioQiOpIIIsIpHI

CepeaHiii niaMeTp MiTOXOHIPIH, MKM
cyOcapkonemMaibHi
iHTpamiodiopuspHi

Cyma moBepX0oHb MITOXOHIPiH B OAMHUII 00’ €My M’ s130BOi

TKaHUHHU, MKM>

cyOcapkonemMaibHi
iHTpamiodiopuspHi

KinbkicTh QyHKIIOHYIOUMX KaMiJApiB y TKAHUHI, O/1./MKM?

12,5+1,6 20,143,1%
8,4+1,1 15,0+1,3*
4,140,6 18,343,5%*
2,740,4 14,64+2,1%*
0,50+0,04 0,69+0,03*
0,76+0,07 0,98+0,05*
8,30,8 14,241,0%
6,8+0,9 9,3+0,8*
13,6+1,8 21,242,1%
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Puc. 4. VasTpactpykrypa Miokapsa mpu TpuBaiaomy ¢izud-
HOMY HaBaHTakeHHi: MX — miToxoHpii, M® — MiodiOpmm.
36. 9600

My MITOXOHJIpili y TPEHOBaHOMY MioKapai Ta
M’sI30Bili TKaHWHI, 1[0 MO3UTUBHO KOPEIIOE 3
MAaKCHUMaJIbHUM CHOKMBAaHHSIM KHCHIO Ta HeTa-
THBHO — 3 piBHEM HaKONHWYEHHS JakTaTy [24].
[ToniGui 3minu S, | IpU TpUBAIOMY (hi3HIHOMY
HaBaHTa)XEHHI CIIOCTEpiraiucs B yciX JOCIHi-
JUKYBaHUX TKaHWHAX, 1 TOMYy Taka JHHaMika
MOJKE PO3IIsAaTHCS K POpMyBaHHs 3araJibHO]
amantuBHOI peakiii MXA kmitTiuH. Baxknupicts
LbOI0 MOKAa3HHWKA BU3HAYAETHCS THM, L0 BiH
BimoOpaxae cymMapHy JOBXKHUHY MITOXOHApI-
aJbHUX MeMOpaH, pO3TalloBaHUX y 00’ eMmi
TKaHuHH [25]. OCKiIbKU OCHOBHA MITOXOHJIPi-
ajpHa (QYyHKIIS — €HEPreTHYHa — 3yMOBJIIOETHCS
poboTO0 MUXanbHUX (PEPMEHTIB MITOXOHAPIH,
SKi € MeMOpaHo3B’sI3aHUMH, TO MPOTIKHICTH
MeMOpaH IHX CYOKJIITHHHHX OpraHel MOXKe
OyTH MOOIYHUM IMOKA3HUKOM iX 3JaTHOCTI J0
y4acTi B eHEpreTHYHOMY MeTaloIi3Mi KIIITHH.
Otxe, npu agantauii 1o I'H cTBOprooThCs
YMOBH JUJIS aKTHBaIlil MiTOXOHJPiaJbHOTO
MeMOpaHHOTO KOMIUTEKCY I, 3MiH (hyHKITIOHATE-
HOTO CIPSKCHHSI JCIKMX MITOXOHIAPIaJibHUX
KiHa3 1 crumymsinii yrBopenns AT®, a Takox
MEPEIKOKaHHS IEPeXoy MPOLEciB y CTamIilo
JIexoMmIeHcarii [26].

OTxe, oTpuMaHi pe3yiabTaTH CBig4aTh, IO
MpU eKCIIEPUMEHTAIBHOMY TPUTHKHEBOMY (i-
3MYHOMY HaBaHTaXXCHHI, MONpHU po3BUTOK ['H,
MOYMHAIOTH opMyBaTHCs 200 BKe HOPMYIOTh-
cs aganTUBHI peakuii (301MbMIEHHS KITBKOCTI

78

(GYHKIIOHYIOUMX KaliispiB; akTuBamis Mopdo-
reHe3y MITOXOH/Ipiii; osiBa FOHUX Ta 3 TOMIPHUM
cTyneHeM HaOyXaHHs MiTOXOHAPiH; TOCHUIIEHHS
MMHOIUTO3Y B €HIOTEIOIUTAaX TOIIO), CIIPSIMO-
BaHI Ha MOMEPEIKEHHsI PO3BUTKY BTOPUHHOT
TKaHUHHOT TIOKCIT Ta 30epeKEHHS aJICKBaTHOTO
CHEPTreTUYHOTO MeTaboMi3My. 3MiHH, AKi BHSIB-
JIEHO B MITOXOHJIPiaJIbHOMY arrapari J10CIiKy-
BaHMX TKaHWH, TIOB’s3aHi, B IIEPIILY Y4epry, 3 HOoro
POJUIIO B afamnTallii A0 TiMoKCii Ta 3HUKEHHSIM
MpU BOMY MIiTOXOHJIpianbHOI AUCHYHKIIT SK
0a30BOTO KJIITHHHO-MOJICKYJISIPHOTO MEXaHi3My
y BiANOBigb TKAHWUH Ha MOPYLICHHS CIHiBBiA-
HOIIEHHS JOCTaBKa/CIOKUBAHHS KHCHIO [7].
Kommexe amanramiitanx mepedymoB y MXA
KIIITHH PI3HUX TKaHUH OpraHi3My, HIMOBIpHO, €
HEOOXITHUM JIJIs IEPEX0/1y Ha HOBUH O1JIbII €KO-
HOMIYHHH PEXUM €HEPreTHIHOT0 METa00Ii3My
3 popMyBaHHSM TKAaHUHHOI HecTleNU(ivHOT pe-
3UCTEHTHOCTI J0 TiITOKCii, 30KpeMa JI0 TimoKcii
HABAaHTAXKEHHS.

OTpuMaHi pe3ylbTaTd PO3KPUBAIOTH JESIKI
MexaHi3MH (hopMyBaHHS ajanrtaiii 10 Gi3udHuX
HAaBaHTAXEHb Ta, 0€3yMOBHO, MOTPEOYIOThH MO-
JAJIbLINX AOCIHIIKEHb CTPYKTYPHHUX IepeOyaoB
TKaHWH opraHizmy B ymoBax ['H. BuBuenns
MEXaHi3MIB PO3BUTKY TAKOTO TiMOKCHYHOTO
CTaHy MOXYTb CTaTH MIATPYHTSIM JUIsl pO3POOKH
e()eKTUBHHX IUISIXiB ()apMaKOJIOTT4HOT KOPEeKIii
MOPYLIEHB, 1110 PO3BUBAIOTHCS, 30KpeMa 13 3acTo-
CYBaHHSIM IIpernaparis 3 MEMOPaHOIIPOTEKTOPHHU-
MU BJIACTHUBOCTSIMHU, a TAKOXX TaKUX, K1 34aTHI
3a0e3MeYnTH MATPUMKY OIITHMAIILHOTO €HEepre-
TUYHOTO 3a0e3MeueHHs opranismy. Takuii miaxiza
Mae Oe3nocepeHIO MPAaKTUUHY COPSIMOBaHICTh
1 € 0cO0MMBO BAXKJIMBUM JIJISI YMOB PEaJbHOTO
TPEHYBAJIBHOTO MIPOIIECY CITOPTCMEHIB, 0COOIH-
BO TPEACTABHUKIB BHUIIB CIOPTY 3 MEPEBAKHO
aepoOHUM MexXaHi3MOM eHeprosade3nedecHHs .

BUCHOBKHA

1. OTpuMani pe3yiabTaTH BIJIMBY TPUBAJIOTO
($i3UYHOTO TPEHYBaHHS 3 PO3BUTKOM TiMOKCii
HaBaHTaXEHHs Ha CTPYKTYpHI mepeOynoBH
M’s130BO{ TKAHUHH, TKAHWHU JETeHb Ta MiOoKap-
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Jla y UIypiB MOKHAa YMOBHO PO3MOJIUINTH Ha 2
rpynu: OeCTPYKTUBHOTO Ta KOMIIEHCATOPHO-
MPUCTOCYBAJILHOTO XapakTepy.

2. Jlo 3MiH IeCTPYKTHBHOTO XapakTepy
HaJIeKaTh OCOOJMBOCTI yIBTPACTPYKTypu 0i0-
noriuHuX Oap’epiB, 30KpeMa, TimepriapaTaris
OKpeMHX iX mapiB abo ii Oap’epiB B LijgoMmy,
[0 TOTipIrye yMOBU AU(y3ii KUCHIO, @ TaKOXK
NIeCTPYKTUBHI 3MiHH B MITOXOHJIpISIX KIITHH,
(¢yHKIiOHaNbHE 3HAYEHHS AKUX MOJATaec y
3HWKEHHI €HEPTeTUYHOTO MMOTEHITiaTy MiTOXOH-
JIpiaJIbHOTO amapara.

3. Jlo 3MiH KOMIIEHCATOPHO-TIPUCTOCYBAIb-
HOTO XapakTepy HajexXarb 301IbIIeHHS KiJIbKO-
cTi QyHKIIOHYIOUHX KamNiJsIpiB, M0 MOTMEpe/-
’Ka€ PO3BUTOK BTOPWHHOI TKAHWHHOI TIMOKCIT;
MMOCHUJICHHSI MIHOIHUTO3Y B €HAOTENIONHNTAX;
aKTUBaIliss MOpQoTeHe3y MiTOXOHAPiH; mosiBa
IOHUX OpraHes Ta MITOXOHApPiil 3 MOMiIpHUM
cTyneHeM HaOyXaHHs, IO CIPHUSE 3POCTAHHIO
€HEepPreTUYHOI MOTYKHOCTI MITOXOHIPialIbHOTO
armapary KJIiTHH.

K.V. Rosoval, T.V. Bolgova', K.R. Tymoshenko,
Ju.D. Vinnichuck?, L.M. Gunina?, V.V. Bezugla®

RESTRUCTURING OF SKELETAL MUSCLE,
LUNG AND HEART TISSUES OF RATS
UNDER HYPOXIA TRAINING

We studied some specific features of the changes in mor-
pho- and stereometric characteristics of the ultrastructure of
tissues of lungs, heart, and muscles, their capillarization, and
the mitochondrial apparatus of cells in adult male Wistar rats
under long-term physical loads. It is shown that the influence
of a sustained training accompanied by the development of
exercise-induced hypoxia on the structural readjustments of
tissues of muscles, lungs, and myocardium can be conditionally
divided into 2 groups: with destructive and compensatory-
adaptive features. The changes with destructive character
include, firstly, those of the ultrastructure of biological bar-
riers such as, in particular, hyperhydration of barriers on the
whole and their separate layers, which deteriorates the condi-
tions of oxygen diffusion; second, the destructive changes
in mitochondria (it increased the number of damaged lung
organelles by 4.1 times, in the heart - at 4.5-5.5 times depend-
ing on subpopulations and in muscle — by 3.5-12.2 times also
depending on the subpopulation of mitochondria), which are
accompanied by a decrease in the energy potential of the
mitochondrial apparatus, are observed. To the changes with
compensatory-adaptive character, we refer an increase in the
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number of functioning capillaries (by 80% in the gastrocne-
mius muscle and by 60% in the myocardium), which prevents
the development of secondary tissue hypoxia; intensification
of pinocytosis in endotheliocytes; activation of mitochondrial
morphogenesis, which was accompanied by an increase of
the number of organelles at gastrocnemius muscle by 65%, in
the lungs — in 4 times and in heart by 60-80% depending on
the mitochondrial subpopulations; and appearance of young
mitochondria and mitochondria with moderate degree of
swelling, which favors the growth of the energy power of the
mitochondrial apparatus of cells.

Key words: physical load; hypoxia training; mitochondrial
morphogenesis; functioning capillaries; lung; myocardium;
muscle tissue.
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E.B. Po3zoBal, T.B. Boarosa!, E.P. TumomeHnko,
10./1. Bununuyk?, JI.M. T'ynuna?, B.B. Besyrinasn?

MEPECTPOMKA TKAHU CKEJIETHBIX
MbIHII, JETKUX U CEPAIIA KPBIC B
YCIOBUAX TNITOKCUN HATPY3KH

Pabota mocpsiieHa U3y4eHUIO0 0COOCHHOCTEH HU3MEHEHHH
MOpP(}O- ¥ CTEPEOMETPUUECKHIX XaPAKTEPUCTUK YIIBTPACTPYK-
TypBl TKaHEH JErKuX, CepAla W MBIIIEYHOH TKaHW, UX
KalMUIIPU3alid, a TaK)Ke MHTOXOHAPHAIBHOTO armapara
KJIIETOK Yy TIOJIOBO3PENBIX KPBIC-CAMIIOB JTMHUM Bucrap mpu
JUTITENBHBIX (M3UUecKnX Harpy3kax. [Tokazano, 4to BinsiHUE
JUTUTENTLHON TPEHUPOBKH C Pa3BUTHEM TMIIOKCHH HArPY3KH Ha
CTPYKTypHBIE IEPECTPONKH MBIIIECYHON TKAHH, TKAHU JIETKHX
1 MHOKapJa MOXKHO yCIOBHO pa3/IelMTh Ha JIBE TPYIIIHI:
JIECTPYKTUBHOTO ¥ KOMIIEHCATOPHO-IIPHCIOCOOUTEIHLHOTO
xapakrepa. K n3MeHeHUsIM JeCTpyKTHBHOTO XapakTepa, BO-
MIEPBBIX, OTHOCSITCS BAPUALIUH YIBTPACTPYKTYPbI OHOJIOTrHue-
CKuX 0apbepoB, B YaCTHOCTH, TUIIEpPTrUApaTanus 6apbepoB B
LIEJIOM U UX OT/JEIBHBIX CIIOEB, YTO YXY/IIAeT yCIOBHS AUD-
(y3uu KHCII0pO/Ia; BO-BTOPHIX, HAOMIONAIOTCS IeCTPYKTUBHBIS
HN3MEHCHMSI B MHTOXOHJPUSX (KOJIMYECTBO MOBPEKICHHBIX
oprasesul Bo3pacTajo B Jierkux B 4,1 pasa; B cepaue — B
4,5-5,5 pa3a, a B mbiiiie — B 3,5-12,2 paza B 3aBUCMOCTH OT
CyOTIOTyNAIMHY MUTOXOHAPHIA), YTO COMPOBOXKIAETCS] CHHU-
JKEHHEM YHEPreTHIeCKOro MOTEHINAaIa MUTOXOHPHATBHOTO
ammapara. K m3MeHeHHsIM KOMITEHCATOPHO-TIPACTIOCOOUTEITh-
HOTO XapaKTepa IpHHAJJIeKaT yBEINICHHE KOJTHMYECTBA
(GyHKIMOHUpYIOMMX KanmmusipoB (Ha 80% B MKPOHOKHOI
MblIe 1 Ha 60% B MUpOKap/e), 4To NpeaynpexaaeT pa3Bu-
THE BTOPHYHOM TKaHEBOH I'MIIOKCHUH; YCUIEHHE THHOIIUTO3a
B SH/IOTEIMONNTAX; aKTUBAIMS MOP(OTEHE3a MUTOXOHIPUH,
9TO COMPOBOXKIACTCS YBEIMUCHUEM KOJIMIECTBA OPTaHeIlT B
HWKPOHOXKHOM MBIIIIE B cpeHeM Ha 65%, B ierkux — B 4 pasa,
a B cepaue Ha 60-80% B 3aBUCUMOCTHU OT MUTOXOHIPHAIbHOM
CyOIONYJISIUY; TTOSIBIICHUE FOHBIX MUTOXOHIPUH M MUTOXOH-
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ITepeOynoBa TKAaHUH CKEJICTHUX M’sI3iB, JIETEHB Ta CEPIIS IypiB3a YMOB TilIOKCiT HABAHTAXKEHHS B €KCIIEPUMEHTI
peoy, >

JIPUii C yMEPEHHO# CTerneHbio HabyXaHHs1, CIIOCOOCTBYIOIIEE
pOCTy 3Hepl"eTH'~leCKOﬁ MOIIHOCTH MHUTOXOHIAPHAJIBHOTO
armapara KJIeTok.

KiroueBsie croBa: Gu3nvyecKkue TPEHUPOBKHU; THIIOKCHUS
3arpys3ku; MophoreHe3 MUTOXOH/PHI; KallHMJUISIPBI; JIETKHE;
MHUOKap/; MbIIICYHAsA TKAaHb.
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Cran ncuxogisionoriynux GyHKuin y BUCOKOKBaJTi(]i-
KOBAHHUX CIIOPTCMEHIB Pi3HUX BIKOBUX I'PyIl

JL.I. KopooeiinikoBa', M.IO. Makapuyk?, I.B. Kopooeiinikos', B.C. Mimenko',
O.b. 3anosiTpsina’

' Hayionanonuil ynisepcumem @izuunozo euxoeanwsi i cnopmy Yrpainu,; Kuis;
2 Kuiscokuii nayionanvhutl yuieepcumem imeni Tapaca llleguenxa, e-mail: lesia.66@mail.ru

Busuanu ennue 6ikosux ocoonugocmell K8AniQiKOBAHUX CNOPMCMEHIE HA NCUXOPI3I0N02IUHULL CMAH HA
emani NIOMPUMKU BUCOKUX pe3yibmamis. byno 0ocnioxceno mpu 2pynu CHOpmMeMenie pizHo2o 6iKy - 6i0
18 00 20 poxis, 6i0 21 0o 25 pokie i 6i0 26 0o 34 pokie, wienu 30ipHoi Komanou Ykpainu 3 epexo-pumcovroi
b6opomvoU. Busigneno, ujo cnopmemenu cmapuioi 6ikogoi epynu 8iOpisHAIOMbCsL 610 MOIOOWUX HASLGHIC-
mro OiILUWLOT 6MOMU 3 OOHOUACHUM SHUNCEHHAM A8MOHOMHOCII NPU (QOPMYBAHHI cmpamezitl CHOPMUBHOT
QisibHOCMI [ 0OCKOHAUM MEXAHIZMOM 8e2emamusHux peaxyitl. Bikosi nozipwiens cnputinamms 30pogoi
iHGhopMayii' y HUX NPOAGTAIOMbCA Y SHUNCEHHT NPOOYKMUBHOCHI, eheKMUBHOCTI | UBUOKOCTT NOPIGHAHO
31 cnopmemenamu monoowux epyn. Takooc eusngneHo Oiib GUCOKULL PIGEHb HANPYICEHHS ABNMOHOMHOL
peaynayii pummy cepys NOpi6HAHO 3 MOIOOUMU CNOPIMCMEHAMU MA OiNbWl ONMMUMATbHA AKMUBAYISA CUM-
NnamuyHo2o IOy 6e2emamusHol Hep8ogoi cucmemu.

Kntouosi crnosa: ncuxogizionociunutl cmau, 0coonueocmi cnputinammsi, nepepooxa ingopmayii; 8ikosi

ocobnusocmi.

BCTVYII

Y crnopTi BUIUX JOCSITHEHb aKTyaJbHHUM 1
CKJAJHHUM € MHUTaHHS KepyBaHHS (i3ioyorid-
HUMU IIPOIIeCaMU OpraHi3My B TPEHYBaJIbHOMY
MpoIeci Ta MpU MiATOTOBI /10 BHUPINIATbLHHUX
3maranp [1,2]. Omiaka nmcuxodi3ioTOTiYHUX
¢byHKUid B TOW abo iHMMIA 4ac BUKOPUCTOBY-
€THCS K IHTErpajbHUI MOKa3HUK 3arajibHOTO
(YHKIIOHATLHOTO CTaHYy.

Xapakrepusyrouu rncuxodizionoriuai GyHk-
i1, MO)KHA OTPUMATH 1HPOPMAIIIIO PO THAUBI-
JyaJIbHO-TUITOJNIOTIYHI XapaKTepUCTUKU BUINOT
HEPBOBOI NiSTBHOCTI CIOPTCMEHA, WMOBIPHO
€ OCHOBOIO HE JIUIIEC CIIOPTUBHOTO BifOOpYy, a
U miarpyHTsAM nudepeHIiiiHol 1iarHoCTUKH
(YHKIIIOHATBHOTO CTaHy CIIOPTCMEHIB Ha Pi3HUX
eTanax TPeHyBaJIbHOTO UM 3MarajibHOTo Ipole-
cy [3-5]. Kpim Toro, ctaH ncuxodi3ioqoriaHuX
GbyHKIIH BimoOpakae CTyHiHb BJIOCKOHAJCHHS
CeliaJIbHUX PyXOBUX HaBUYOK, IO JA€ 3MOTY
BUKOPHCTOBYBATH iX SIK MOKAa3HUK TEXHIYHOI
MiITOTOBKH CIIOPTCMEHIB [6-8]. BaxauBum € i

Te, 10 TPOIECH CTOMJIEHHS, SIKi pO3BUBAIOTHCS
MpU HaMpyXeHIH M A30Bid AisAIBHOCTI, TepIn
3a BCE PO3MOYUHAIOTHCA Y HEPBOBHX LIEHTPAX.
Buxoasuu 3 BChOro niboro MokKHa CKazaTH, 10
cTaH ncuxogizionorivHuX QyHKIIIH CIOPTCMEHA
MO)KHa BB2)KATH YHIKQJIIbHIUM 1HIUKAaTOPOM PO3-
BHUTKY MIPOIIECIB HATIPYKEHHS, IEPEHATIPYKSHHS
1 cTOMJIEHHS opraHizmy [9-11].

Brpogok 0CTaHHLOTO Yacy, y 3MaraHHsX
cBiToBoro piBH: (3 2004 mo 2012 pp.) HAMITHIACS
YiTKa TEHJICHIIisI 10 3pOCTaHHS BiKY IIEPEMOXKIIIB
i mpuzepiB [12,13]. Jloka3om 1poOro € Te, 10 Ha
ChOTO/IHI TIepeMOoXKIll OIIMIIHCHKUX 1TOp, YeM-
MMOHATIB CBITY Ta KOHTHHEHTIB € CIIOPTCMEHH
BikoM 35 pokiB i crapuri [14]. He3Baxaroun Ha
JIOCTATHIO KIBKICTh JTOCII/IKEHB, MPUCBIUYCHUX
PI3HUM acTeKTaM ITiJrOTOBICHOCTI CIOPTCMEHIB:
¢dbynakmionansHOi1 [ 15-17], menxonoriunoi [18,19],
TEXHIKO-TaKTHYHOI [1,20], HUHI MaJIO BUBYCHUM
3QIMIIAETHCS MUTAHHS I10/I0 BIUIMBY Ha CTPYK-
Typy Ta CKJIaJl MiATOTOBKH CIIOPTCMEHIB BUCOKOT
KBamiikaiii BIKOBHX BIUIUBIB.

© JL.I. KopobeiinikoBa, M.1O. Maxkapuyk, [.B. Kopo6eiinikos, B.C. Mimenko, O.b. 3anosiTpsiaa

ISSN 0201-8489 Dision. scyph., 2016, T. 62, Ne 6

81



Cran ncuxodisionoriunux QyHKIINH y BHCOKOKBaIi(hiKOBAHMX CHOPTCMEHIB Pi3HUX BIKOBHX IPYI

MeToro Hamoi poboTH Oyii0 BUBYEHHS BiKO-
BHUX 0COOJNMBOCTEH CTaHy NCUX0(i310JI0TTIHIX
(yHKIIIH BUCOKOKBaTI()iKOBAaHUX CITOPTCMEHIB.

METOAUKA

O6cTexeno 41 cnoprcMeHa BUCOKOT KBastiika-
1ii (3aciykeHi maictpu criopty — 3MC, Mmaiic-
TPH CIOPTY MixkHapoaHoTO Kitacy — MCMK Ta
Maiictpu criopty Ykpainu — MC), Bikom Bix 18
110 34 pokiB. /I BUBUCHHS BIKOBUX 0COOIMBO-
CTel CIpUHHATTS Ta IepepoOKu 30poBoi iHdop-
MaIlii BCiXx 00CTEXyBaHHUX CIIOPTCMEHIB OyJ0
pO31ineHo Ha TpH Tpynu: 10 1-i rpymnu (tfoHiOpH)
Oymo BimHeceHo 15 cmopTcMmeHiB, BikoMm 18-20
POKIB, KOXHUH 13 sIkMX MaB KBasidikaiiro MC.
Hpyry rpyny (yMOBHO Mojoally) ckianu 14
CIIOPTCMEHiB, BikoM 21-25 pokiB. Cepen HuX — 4
manu kBanigikanito MCMK, 10 - MC. [lo Tpe-
THOI rpymH (YMOBHO cTapiia) Oyio BigHeceHo 12
CIIOPTCMEHIB, BikoM 26-34 pokiB 3 kBamidika-
miero 3MC 5 gonosik, 5 - MCMK, 2 - MC.

Jns omiHKM 1CUXO0(]i3i0JOTIYHOTO CTaHy
Ta piBHA Npame3JaTHOCTI HEPBOBOI CHCTEMH
OyJ10 BHUKOPUCTAHO BOCHMHUKOJIBOPOBHH TECT
Jlrormepa KoMI’ 10TepHOT cCTeMHU « MYITBTHIICH-
xoMeTp-05». B 0CHOBY METOAMKHU MOKJIAJIEHO
KOHIEIIiI0 MPO iCHYBaHHSA acoliaTUBHOTO
3B’A3KY MIXK KOJIbOpaMH Ta CTaHOM JIOAWHHU,
o BimoOpakae pi3Hi cnmocoOu Horo ajmamnra-
i1 10 HaBKOJUIITHBOTO cepemoBuma [21, 22].
3aBmaHHs 00CTEKYyBaHOTO TOJIATANIO Y BHOOpPI
KOJBOpY, IKOMY BiH BigngaBaB mepesary. Jlus
BOTO MOTPiIOHO OYyJI0 HATUCKATH BIIMOBIIHY
KJIaBilly cneuiajbHOi KiaBiaTypu (mpaBy abo
niBy). BuB4anm mokazHWKY — Mpane3aTHICTh,
CTOMJICHICTh, TPUBOTA, BETeTaTUBHUM Koe]ii-
€HT, TETEPOHOMHICTh Ta aBTOHOMHICTb.

3a nomomororw MeTonuku «lleprentuBHa
HIBHUJIKICTHY» MCHXOJIarHOCTUYHOTO KOMILICKCY
«Mynpruncuxometp-05» omiHIOBaNIN Xapakre-
PHUCTHKH 30pPOBOTO CIIPUHHSATTS, SKi BITHOCSTHCS
IO piBHS €JIEMEHTApPHHUX TEPIECNTHBHUX Iiid.
Buxopucrana MeToauKa Jlajia 3MOTY BU3HAUYHUTH
MIBUAKICTHE 1 TOYHICTH CIIIBBIJHECEHHS I'€0-
MeTpUUHHX Qiryp. 3aBOaHHSI 00CTEKYyBaHOIO
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noisrano B ineHTUu(ikamii ¢irypu, 4acTHHOO
sTK01 OYB TE€CTOBHI CUTHAJ, KOTPHUI CTAaHOBHB 75
gu 50% Big camoi ¢irypu. OuiHIOBaIM CTPYK-
TYPHICTh COPHUHSITTS, TOOTO 3/1aTHICTD JIIOAMHH
BijoOpakaru 3arajibHe OauCHHS MPEAMETA.

[Tix yac qocmifKeHHs BUZHAYAJIN CTaHAapT-
Hi TTOKa3HUKH: MPOAYKTUBHICTH, NIBUAKICTb,
TOYHICTh, €(PEKTUBHICTE. [IpONYKTHUBHOCTI
BKa3y€ Ha MIBUKICTH MPOIIECIB CIPUWHSATTS Ta
MUCJICHHS 1 3aJICKUTH BiJl pyXJIMBOCTI HEPBOBUX
nporecis. BimHocHa 4acTOTa MOMUIKOBUX Bij-
MOBiJlel NiarHocTye €(PEeKTUBHICTh MCUXIYHUX
MpoIEeCiB.

Mu BUKOpPHUCTOBYBaJIM MeTOAUKY «Bcra-
HOBJICHHSI 3aKOHOMIPHOCTEW», SKa OIlIHIOBaIa
piBeHb PO3yMOBHUX 3ai0HOCTel monuuu. Lleit
TECT MPU3HAYCHUH JIJIs1 BUBYCHHS IEIKUX OCO-
OnMBOCTEH MPOLIECY MUCIICHHS Ta ONEPaTUBHOT
mam’saTi [23]. Bu3Hawanu MOKa3HWUKHU 3araib-
HUX PO3YMOBHX 3HiI0HOCTEH: MPOAYKTUBHOCTI
- 3arajibHa KUIBKICTh NMPaBUIBHO BHKOHAHHUX
3aBlaHb 32 BECh 4YaC BUKOHAHHS TECTY; IIBHUJ-
KOCTI - BITHOIIEHHS KIJIBKOCTI «IIEPETIISTHY TUX»
3aBJaHb A0 BUTPAYCHOI'0 Ha 1€ 4acy B XBHJIMHAX,
CMrHaJjiB 3a 1 XB; TOYHOCTI — KUIBKICTH IIOMMJI-
KOBUX BIATIOBifeH; €(PEKTUBHOCTI — MPOIICHTHE
BIIHOIICHHSI TPaBUJIbHO BUKOHAHUX 3aBAaHb 10
3arajibHOi KiJbKOCTI 3aBAaHb y TECTi, CKOPHUIO-
BaHa Ha HIMOBIPHICTb BUMAIKOBOTO BraJlyBaHHs.

CraH peryisToOpHHX MEXaHi3MiB y 00CTeXY-
BAHUX PI3HUX I'PYI OIIHIOBATIHN 32 TTOKa3HUKAMHU
CTaTHUCTUYHOTO aHalli3y BapiabenbHOCTI pUTMY
cepus. [Jj1s 1bOro BUKOPUCTOBYBAIH KapAioMO-
Hitop «Polar RS800CX». Otpumani pesynpratu
aHaJi3yBaly 3a JOIOMOT0I0 CTATUCTUYHOI IPO-
rpamu «KubiosHRV».

CratucTuuHy 00pOoOKYy OTPpUMaHUX Pe3yiib-
TaTiB NPOBOJMIIN 3 BHKOPUCTAHHSIM KOMII FO-
TEPHUX MaKeTiB NpHUKIAIHUX mporpam MS
Excel i Statistica 6.0. OCKiJIbKY TOKA3HUKH, K1
aHaJi3yBalu, MiAJArall 3aKOHY HOPMallbHOTO
PO3MOiTy BiAMOBIHO 10 KpuTepito ManHa-YiT-
Hi, TO JJIs BU3HAYCHHS CTATHCTUYHOI 3HATYIIIOT
PI3HUII MK BUOIpKaMU BUKOPHUCTOBYBAJIH KPH-
Tepiii t CTploACHTA MPHU PiBHI 3HAYYLIOCTI HE
amxue "Hixk 0,05.
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PE3YJILTATHU TA IX OBGTOBOPEHHSI

BupueHHa ncuxo@i3ioNorivHOrO CTaHy 3a-
CBiYMIIO BiJICYTHICTBH JIOCTOBipHOT pi3HUIII 3a
MOCIHKYBAHUMH TTOKa3HUKAMH MIX TpyIa-
MH FOHIOPIB Ta MOJIOJIIOK BIKOBOK T'PYyIOIO.
Boanowac cnopTcMeHH cTapioi BiKOBOi rpynu
BiJIpI3HSAIOTHCS BiJ JIBOX MOJIOJIIUX TPyl 3a
3HaYHUM 3POCTAHHSM BTOMH, 11O CBIIYUTH PO
3HUKEHHS (QYHKIIIOHATFHUX MOXKIUBOCTEH He-
pBOBOI cuctemu (nuB. Tadm. 1).

[Tpu bOMY HUKYi 3HAYCHHSI BETETaTUBHOTO
koe(dinieHTa y CIOPTCMEHIB cTapuioi BiKOBOi
IpyIH MOPIBHSHO i3 MOJIOAUIMMH Ta IOHIOpaMHU
BKa3y€e Ha MEHINY 3aJeXKHICTh AiSUTBHOCTI 1X
BETeTATHBHOT HEPBOBOT CHCTEMH BiJl 30BHIITHIX
YUHHUKIB (AUB. Tab6m1.1). PasoM 3 TUM 3HMKEHHS
ABTOHOMHOCTI y IIX CIIOPTCMEHIB CBITYUTH PO
O1IBIII BUCOKY 3aJI€KHICTh 1X MOBEAIHKOBHX pPe-
aKI[iid BiJi yMOB 3MarajbHOI JisJIbHOCTI.

TakuM 4MHOM, MOXKHa CTBEPIKYBaTH, LIO
CIIOPTCMEHH CTapIIOi BIKOBOI TPYTTH BUSBIISIOTH
MOPIBHSIHO 3 OLIBII MOJIOJANIMMH BHIII O3HA-
KaMH CTOMJICHHSI 13 OJJHOYaCHUM 3HIKCHHSM
ABTOHOMHOCTI MpU GopMyBaHHI TTOBEAIHKOBUX
peaxiiii, 1o KOMIEHCYEThCS y HUX OUIBII J10-
CKOHAJIMMH MEXaHi3MaMHM PeryJssiiii BereTaTus-
HUX QYHKITIH.

Amnani3z pesynpratiB tecty «llepuentus-
Ha MIBUJKICTh» BUSBUB HAsBHICTH PI3HUII 3a
JOCIIPKEHUMU TTOKAa3HUKaMHU Y CIIOPTCMEHIB
PI3HUX BIKOBUX I'pyIl. BcTaHOBIEHO, IO piBEHB
MPONYKTUBHOCTI, €(pEKTUBHOCTI Ta MIBUIKOCTI
CIIPUWHSATTS HAWBHUIINM € y IOHIOPiB TOPiBHSIHO
3 CIOPTCMEHAMU MOJIOAIIIOT Ta CTAPIIOi BIKOBUX

rpyn (ta6n.2). Ilpu upbomy 3HauY€HHS TOYHOCTI
(BimoOparkae BIHOMICHHS KiTbKOCTI MTO3UTHUB-
HUX peakxiliii Ha BiAMOBiIHI MOAPa3HUKH IO
3arajibHOi KiJbKOCTI MOAPa3HUKIB) HAaWBHUILUM
OyJ10 y CIIOPTCMEHIB CTapIIoi BIKOBOT TPYTIH.

TakuM 4MHOM, 3arajbHE BIKOBE MOTipIIaHHS
CHPHUUAHSATTS 30pOBOi iHGOpMAIii y cClIOpTCMEHIB
cTapuoi BiKOBOI IpyIH, sIKE MPOSIBISETHCS Y
3HUKEHHI TPOJYKTHBHOCTI, €)EKTUBHOCTI Ta
MIBUJIKOCTI CIIPUAHSATTS MOPIBHSHO 3 FOHIOpaMHU
Ta MOJIOJIIMMHU CHIOPTCMEHAMH, HE BIIMBAE HA
TOYHICTh CIIPUAHSATTS 30pOBOi iH(OpMaIii, mo
JOCATAETHCS Yy CIOPTCMEHIB CTapuioi BiKOBOi
IPYIU 332 paXyHOK IXHBOTO JTOCBiy (IUB. Ta0MI.2).

Cnia BIAMITUTH 3aKOHOMIpHE 3HHMIKCHHS
KOTHITUBHUX (YHKIIH Y CIIOPTCMEHIB CTapIIOi
BIKOBOI Irpynu MOPIBHSAHO i3 Mojommumu. Ha-
CIIZIKOM IHOTO € TE, 10 Y HUX 3HUKCHUMH €
MPOJYKTUBHICTh, IIBUJKICTh Ta €(EKTHBHICTh
nepepoOku inpopmanii (ta6x.3). BogHouac
TOYHICTh BKa3y€ Ha HUXXUYHUU PiIBEHb 30POBOTO
CHPUUHSTTS 30BHINIHLOT 30poBOi iHpopMarii
Ta MPOIECIB MUCIICHHSI y CTapIIUX CIOPTCMEHIB
(mmB. TAb1.3).

BikoBe moripmaHHs COPUHHSITTS 30pOBOL
iHpopMalii y CIOpTCMEHIB cTapuioi BiKOBOT
IPYIU TPOSBISETHCS y 3HMKEHHI MPOTYKTHB-
HOCTI, €pEeKTUBHOCTI Ta MBUJIKOCTI MOPIBHIHO
3 IOHIOpaMHu Ta MOJOJALIOK rpynot. OgHakK y
CIIOPTCMEHIB CTapIiol BIKOBOI I'PyIH, 3a paxy-
HOK HasiBHOCTI OiJBIIIOTO AOCBITY, BUSBISIOTHCS
Kpali BIaCTUBOCTI CIPUUHSATTS Ta TIEPEePOOKHU
30poBOi iH(popMaIrii.

B ymMoBax cmopTHUBHOT JisSIbHOCTI peecTpa-
Lisl Ta OLIHKAa XapaKTepy KOJMBAJIbHOI CTPYK-

Tadmuus 1. OcHOBHI NOKA3HUKH (YM.0/1.) HCUX0(i3i010TiYHOIO CTaHy eTiTHHX CIIOPTCMEHIB Pi3HHX BiKOBHX rpyIl,
BHU3Ha4YeHi 32 KO1bopoBUM TecToM JIomepa (X£S(X)

IToxa3sHuku | OHiopu (n=15) | Momnoauii (n=14) | Crapui (n=12 |
[Ipamne3marHicTh 9,75+0,97 9,81+0,71 9,42+1,02
Broma 3,62+0,32 3,18+0,99 4,71+0,22% **
Tpusora 2,87+0,97 2,54+0,74 2,71+0,89
BereraruBuuii koedimieHT 15,25+0,75 15,90+0,40 14,42+0,76%* **
[eTepoMHICTB 6,50+1,05 6,18+0,77 7,00+1,15
ABTOHOMHICTH 9,00+0,73 9,72+0,64 8,28+0,06% **

[TpumiTka: TyT i B Tabs. 2—4 * CTAaTUCTUYHO BIPOTiIHA PI3HUILIS MOPIBHSHO 13 TPYIIOIO IOHIOPIB, ** — OPIBHSHO

13 MOJIOAIIIOIO BIKOBOIO I'PYIIOKO.
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Taomuus 2. OcHOBHI NOKA3HUKH MepUeNIIii cepe/ eJIiTHUX cNOpTcMeHiB piznux BikoBux rpyn (X£S(X)

3 C— Oniopu Mornoamii criopTcMeHH Crapiui criopTcMeHn
(n=15) (n=14) (n=12)
[IpomyKTHBHICTB, YM.O. 19,62+0,13 18,91+0,63 18,42+0,39*
HIBuaKicTb, XB™! 8,28+0,96 7,16+0,63* 4,37+0,77* **
To4HICTB, YM.OJ. 0,82+0,09 0,78+0,06* 0,85+0,02%**
EdexTuBHICTD, YM.OI. 67,74+2,19 61,63+1,30% 60,31+2,86*

Typu (BapiabeJIbHOCTI) CEPIEBOTO PUTMY, IO
Bi1oOpakae akTUBHICTB PErYISITOPHUX CUCTEM,
€ OCHUTHh IHPOPMATHBHOIO MPHU 00’ EKTUBHOMY
aHaxi3i QyHKIIOHAIbHUX MOXKJIHBOCTEH Op-
raHizamy crnoprcMmena [24].

[IpoBenenwnii anani3 BapiabeIbHOCTI PUTMY
CepIIs CBIIUUTH PO BIIMIHHOCTI MiXK CIIOPTCME-
HaMM CTapuIOi BiKOBOi I'pyHH Ta MOJIOAIIUMHU
rpymnamu. 3a cepelHhOI0 TPUBAIICTIO Kap 1i0iH-
TEepBaJiB y CIIOPTCMEHIB CTAPIIOi BIKOBOI TPyIH
BUSBIISIETHCS] BUINMKA piBeHb (DYHKIIIOHYBaHHS
cucreMu KpoBooOiry (tabn.4). Kpim Toro, y
HHUX CIIOCTEpIraeThCcs BUIIMU PiBEHb HANpy-
JKEHHS PeryIsIii pUTMy ceplisi, TOPiBHSIHO i3
MOJIOAIMUMHU cnopTcMeHamu. Lle miaTeepn-
KYETHCSI 3HMKCHUMHU 3HAYCHHSIMHU CEPEJTHHOTO
KBaJIpaTUYHOTO BigxuyieHHs RR-iHTepBasiB
Ta TPHAHTYJISpHOTO iHAeKkcy. Ciij BiAMITUTH
HasIBHICTh BIAMIHHOCTEH 3a CHEKTPaJbHUMH
XapaKTepHCTUKA BapiabeIbHOCTI PUTMY CepIist
M)XK BIKOBUMH TPyIaMH CIIOPTCMEHIB (IUB.
Tabmn.4). HaliHmx4uii piBeHb akTHBamii Han-
HHU3bKOYACTOTHOTO crnekTpa RR-iHTepBanis
CIOCTEepiraeThcsl y MOJOAUIINA BiKOBiHM rpymi,
HaWBHIIUH — y CIOPTCMEHIB cTapioi rpynu. Ls
o0CcTaBWHA CBIAYUTH MIPO MOCUIICHHS aKTHUBAIil
HEHpPOryMOopalbHUX LIEHTPiB aBTOHOMHOI HEPBO-
BOi CHCTEMH y CIIOPTCMEHIB B yMOBaX BIKOBOI
inBosiroIii [25]. OmHak 301bIICHI MOPIBHSIHO

13 MOJIOJIIIIOI0 T'PYIOI CIIOPTCMEHIB 3HAYEHHS
HaJTHU3bKOYAaCTOTHOTO criekTpa RR-iHTEepBaiB y
FOHIOPiB BKAa3yIOTh Ha HETOCKOHAJICTh MEXaHi3-
My HeHporyMopanbHOI peryisiiii (1uB. Tadm.4).
BoaHouac HaliHMXYl 3HAYEHHS HU3bKOYa-
cToTHOTO criekTpa RR-iHTepBaiB y cnoprcMeHiB
cTapiioi BikOBOi Ipylu MOPiBHSAHO i3 MOJOJ-
UMM CITIOPTCMEHIB Ta IOHIOpaMHU € HaCIiIKOM
ONTUMAJIBHOI aKTHBAIlll CHMITATHYHOTO BiJIILTY
BEreTaTUBHOI HEPBOBOI CHUCTEMH. AHAIOTTUHHIMA
pe3yinbTaT OTPUMAHO 3a 3HAYCHHSIM BHCOKOYa-
CTOTHOTO criekTpa RR-iHTepBaniB, sIKMi CBITYUTH
npo OinpIly aKTHBAILil MapacUMIATHYHOTO
TOHYCY aBTOHOMHOI PETYISAIil pUTMY Cepis y
CIIOPTCMEHIB CTapIIOi BIKOBOi TPYMH MOPIBHS-
HO 13 MOJIOJIIMMH Ta FOHIOpaMu (auB. TaOm.4).
OTxe, BIJHOUICHHSI HU3bKOYACTOTHOTO /10 BUCO-
KOYaCTOTHOTO CIEKTpa (BereTaTWBHUI OajiaHC)
Y3TOKY€EThCSI 3MIHAMH TTOKa3HHUKY CEPEIHBOTO
KBaJIpaTHIHOTO BinxuiaeHHS RR-iHTEepBaiB, mo
MPOSIBISIETHCSI Y 3pPOCTAHHI HANIPYKESHHS PeryJIsiiii
pUTMY ceplis 301TbIIEHHSIM BiKy CIIOPTCMEHA.
Takum 4YMHOM, CIIEKTpalbHUN aHai3 Kap-
NMiOIHTEpBaIliB BUSABUB OLNbBII JOCKOHATY CHC-
TeMy BEreTaTHBHOI PeTyNslii y CIIOPTCMEHIB
crapmioi BikoBOi rpynu. OmgHaK BiKOBiI 3MiHH
BIJIMBAIOTh Ha aKTHBAIil0 KOMIIEHCATOPHUX
MEXaHi3MIB 3armo0iraHHI0 IHBOJIOIINHUX MPO-
neciB. 30kpema, 1€ BUSBISETHCS Y MOCHIICHHI

Tadmuus 3. OCHOBHI NOKA3HUKH TECTY «BCTAHOBJIEHHS 3aKOHOMIPHOCTei» cepe/l cIOPTCMeHIiB Pi3HUX BiKOBHX rpyn

(X£S(X)
s PO— Oniopu Monomi ciopremMenn | Crapuii CHOpTCMEHH
(n=15) (n=14) (n=12)
[IpoayKTUBHICTD, YM.OI. 23,12+0,89 23,33+0,89 18,424+0,04%,**
HIBHAKiCTH, XB™! 13,82+1,28 12,70+1,04 10,80+1,57*
TouHicTh, yM.0x. 0,77+40,02 0,77+0,02 0,63+0,09% **
EdexTuBHICTB, YM.O/I. 55,78+5,33 57,56+5,43 40,53+3,40% **
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Taomuus 4. OCHOBHI NOKA3HUKHN BapiadeIbHOCTI pUTMY cepls Y eJiTHUX cOpTcMeHiB pi3Hux BikoBux rpyn (X+S(X)

Oniopu

ITokazHukn (n=15)

Crapui ciopTcMeHH
(n=12)

Moot CriopTcMeHu
(n=14)

CepeaHst TpUBaIICTh
Kap/10iHTepBaJiB, MC 1114,96+49,80

CepenHe KBagpaTHIHE

BIIXWUJIEHHS 1HTEPBaJiB, MC 125,21+4,37
TpuaHrynspHuil iHaexc,
YM.OJL 19,814+0,86

HannuspkouacToTHUH
CIIEKTP, MC> 9501,86+382,01

HuszbkouacToTHUH crieKTp,

mc? 3164,43+359,55
BucokoyacToTHMi ciekTp,
mc? 2807,00+231,49

BinHoOIIEHHS HU3bKOYACTOT-
HOT'O 10 BUCOKOYAaCTOTHOI'O

CIIeKTpa 1,48+0,03
[IIupuna «xMapu» ckarepo-
rpaMu KapJioiHTEpBaJIiB 67,71+5,41

I[OB)KI/IHa «XMapun» CKarepo-

rpaMu KapIioiHTepBaliB 160,37+10,22

1080,11+34,50 986,104+33,01%*,**

112,33+3,71%* 101,28+2,99%
20,09+1,18 13,92:+1,83% **
7392,82+254,19* 10105,20+581,64**
2849,82+266,26 2260,10+310,51°*

2471,82+197,38 13928,30+2428,02% **

1,64+0,01 1,94+0,06*

62,26+7,79 47,68+6,33% **

142,95+15,16* 132,69+18,99% **

aKTHBAIli HEHPOTYMOpAIHHHUX IEHTPIB Ta Ta-
pAacHMIIaTUYHOI JJAHKW aBTOHOMHOI HEpPBOBOI1
cucTeMu Ha (OHI 3pOCTAHHS PiBHS HAMPYKEHHS
perymsnii pumy cepus.

JocnimxenHs aOCONOTHUX 3HAUYEHb MOKa3-
HHUKIB CKaTeporpamMu BapiaOenbHOCTI PUTMY
cepIrsi ToKa3ajao HasBHICTh BUPOTHIAHUX BiAMIH-
HOCTEH MIXK CITOPTCMEHAMH Pi3HUX BIKOBUX TPYII
(nuB.Ta0I1.4). 3MEHIIICHHS a0COMIOTHUX 3HAYCHB
NIUPUHHA «XMapu» y CIOPTCMEHIB cTapuoi
TPYNH MOPIBHSAHO i3 IOHIOpaMHU 1 MOJOIIINMH
CIIOPTCMEHAaMU BKa3y€ Ha YHNOBIJIbHEHHs alle-
plOIMYHUX KOJTUBaHb KapaioiHTepBamiB. MeHi
3HAUCHHS JOBXHUHU «XMapHu» y CIOPTCMEHIB
CTapuIoi Tpynu MOPiBHIHO 3 IOHIOpaMU 1 MOJIOA-
LIMMHU CIIOPTCMEHAMU BKa3yIOTh Ha YIIOBIJIbHEH-
HS NEpiOJAMYHUX KOJIUBAaHb KapJiOiHTEpBaliB,
110 Y3TOKYETHCS 13 CHEKTPaJbHUMHU XapaKTe-
pUCTHKA CEPIIEBOrO pUTMY (IUB. Ta0m.4).

TakuM 4MHOM, 3pOCTAHHSI PIBHSI HANIPY KEHHS
perymsIii KapioiHTepBalliB y CIIOPTCMEHIB CTap-
1101 BIKOBOT TPYNH CYyHPOBOIKYETHCS YMOBLIb-
HEHHSIM aIrepiouYHNX Ta NePiOANYHUX KOJIUBaHb.
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BUCHOBKH

1. CnoprcmeHniB Bucokoi kBafdigikauii crap-
moi BiKOBOi rpynu MOpiBHAHO 3 OinbII MoO-
JOAIIMMHU CIOPTCMEHAMHU XapaKTEpHU3YE
BUIIMH PiBEHb CTOMJICHHS Ha QOHI 3HUKECHHS
aBTOHOMHOCTI npu GopMyBaHHI cTpaTeriu
IISITBHOCTI, MO0 KOMIIEHCYETHCS OLIBII J0-
CKOHaJIMMH MEXaHi3MaMH peryisuii Berera-
TUBHUX QYHKIIH.

2. BikoBe moripmaHHA COPUUHATTS 30-
poBoi iHpopmanii y cnmopTcMeHiB cTapuoi
BIKOBOT I'PyNHU MNPOSIBIAAETHCS Yy 3HUKEHHI
NPONYKTHBHOCTI, €)EKTUBHOCTI Ta MIBU/I-
KOCTi MOPIBHSIHO 3 MOJOJILIOI T'PYMOI0 Ta
toHiopamMu. OQHaK 3a paxXyHOK JAOCBiAy TOY-
HICTh 30POBOTO CHPUHHATTS Yy CHOPTCMCHIB
cTapumwoi rpynu He CTpaxaae.

3. ¥V cnoprcMeHiB cTapumoi rpynu 3po-
CTaHHA aKTUBaLii HEHPOTYyMOpaIbHUX LEHT-
PiB peryusuii JisIbHOCTI CeplUeBO-CYIUHHOT
CUCTEMHU NPOABIASETHCS YHNOBIJIBHEHHAM
anepiogMYHUX 1 MEePiOAMYHHUX KOJIHMBAHBb
KapaioiHTepBaliB.
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JL.I. KopoOeiinnkosa', H.IO. Makapuyk?,
I.B. Kopoo0eiinukos', B.C. Muienko',
O.b. 3anoBurpsina’

COCTOAHME IICUXOPU3NOJTOTNMIYECKHUX
®YHKIUI BBICOKOKBAJIU®UIIMPOBAH-
HBbIX CIOPTCMEHOB PA3HBIX
BO3PACTHBIX I'PYIIII

B pabore nsyudanock BIMSHHE BO3PACTHBIX OCOOCHHOCTEIl
BBICOKOKBaJIM()UIIMPOBAHHBIX CIIOPTCMEHOB Ha MCHXO(U3M-
0JIOTMYECKOe COCTOSIHHE Ha JTale MOAJICPIKaHUS BBICOKUX
pe3ynsTaToB. VceiieoBaHo TpH IpyHITh CHOPTCMEHOB Pa3HOTO
Bozpacra. [lepBas rpynmna — crioprcMensl B Bozpacre 18-20
net, BTopasi — 21-25 net, Tpethst — 26-34 rona, 4ieHbl cOOpPHOIA
KOMaH[bl YKpauHbI 10 TPeKo-puMckoil 60pbde. BrisBieHo,
YTO CIIOPTCMEHBI CTapLIel BO3PACTHON IPYIIIBI UMEIOT OTIIH-
YHsl B HAJIMYUU YTOMJIEHHS, C OJTHOBPEMEHHBIM CHI)KEHUEM
AQBTOHOMHOCTH TIpH (pOPMUPOBAHNY CTPATETUil CIIOPTUBHON
JIEATeIIbHOCTH 1 COBEPIICHHBIM MEXaHN3MOM BETETaTUBHBIX
peakuuii. BozpacTHoe yXy/ieHne BOCIPUATHS 3pUTENbHOMN
UH(POPMALNH Y BBICOKOKBAIU()UIIMPOBAHHBIX CHOPTCMEHOB
cTapuieil BO3pacTHOW IPYIITBI TPOSIBISIETCS B JOCTOBEPHOM
CHIKEHHH [TPOU3BOANTEIILHOCTH, (G (EKTUBHOCTH M CKOPOCTH
B CPaBHCHMH CO CIIOPTCMEHAMHU MJIAIIIMX rpymi. Taxxke B
cTapIieil Bo3pacTHON Tpymre HaOmromaics Oonee BBICOKHIA
YPOBEHb HANPSHKEHUSI aBBTOHOMHOM PErymsAIiy pUTMA CEepALa
10 CPAaBHECHUIO C MOJIOABIMHU CITOPTCMEHAMM U HAJIMYUE ONTH-
MaJIbHOW aKTHBAIlMU CUMIIATHYECKOTO OTJIela BereTaTUBHON
HEPBHOW CHCTEMBI.

KiioueBsle croBa: McHX0()HU3HMOTOTHIECKAE COCTOSHUS;
0COOCHHOCTH BOCTIPHATHS; IepepadOTKa HHPOPMAIIHHU; BO3-
pacTHbIe 0COOEHHOCTH.

L.G. Korobeynikova!, M.Yu. Makarchuk?,
G.V. Korobeynikov!, V.S. Mischenko',
0.B. Zapovitryanal.

STATES OF PSYCHOPHYSIOLOGICAL
FUNCTIONS OF ELITE ATHLETES IN
DIFFERENT AGING GROUPS

The influences of aging peculiarities in elite athletes on the
psychophysiological states on the stage of the maximum capac-
ity were studied. Three groups of athletes with different age
were studied. The first group was composed of the athletes aged
18-20, the second one included athletes aged 21-25, the third
group included athletes aged 26-34, and were the members of
the team of Ukraine in Greco-Roman wrestling. We revealed
that elite athletes of older age group were significantly different
from the younger by the presence of a large fatigue with the
decline of autonomy when forming strategies of sports activi-
ties and more perfect the mechanism of autonomic reactions.
The aging deterioration of perception of visual information
in elite athletes of older age group manifested in a significant
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decrease of productivity, efficiency and speed for comparison
with the groups of younger athletes. Also, in elite athletes older
age group there is a significantly higher level of tension of
autonomic regulation of heart rhythm compared with young
athletes and the presence of more optimal activation of the
sympathetic division of the autonomic nervous system.

Key words: psychophysiological states; visual perception;
information processing; age peculiarities.

'National University of Physical Education and Sport of
Ukraine, Kyiv,

2Kyiv National University named Taras Shevchenko
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MopgoJioriuHi 3MiHH MiANLIYHKOBOI 321034
IiCJISl BBEICHHSI MEJIATOHIHY Yy PI3HI CE30HU POKY

P.B. SIako

Inemumym @izionoeii im. O.0. Boeomonvyss HAH Yxpainu, Kuis, e-mail: biolag@ukr.net

Jocniosxcysanu mopghonoziuni sminu niowinyrkoseoi 3anoszu (I13) monooux wiypie ainii Bicmap nicis 66edenHs
€K302eHH020 MEeNAMOHINY Y 8eCHANUL I OCiHHill nepioou poky. [Ipenapam meapunu ompumyeanu wooHs
npomseom 28 0i6 y 003i 5 me/ke. Bussneno, wo exzoxpunna yacmuna I13 wypie HeoOHaxoeo peacye na
BNIUS MENAMOHIRY Y PI3HY nopy pokYy. Tak, nicis 11020 66e0eHHs Y 8eCHAHUL NePiod 30LNbULYIOMbCA POIMIPU
ayunycie, sucoma ix enimenito (na 7 %), nnowa exzoxpuroyumie (na 58 %), ix adep (na 20 %) ma yumon-
aazmu (Ha 69 %), Kinekicms s0epeyb 6 A0pax kuimuH (Ha 18 %), 3HudxzCyEMbCa WUpUHa npowapKie mixcua-
cmouxosoi (na 20 %) ma migcayunycnoi (na 8 %) cnonyunoi mxanunu. A 60cenu cnocmepieanu 3MeHueHHs
PO3MIDI6 AyUHYCI6, BUCOMU MA NIOWI eK30KPUHOYUMIE, 3POCMAHHA KIIbKOCII eK30KPUHOYUMIE Y AYUHYCI,
s0epeysb ma WUpUHU RPOULAPKIe MIdCHACMOYKOBOI CRONYYUHOT MKAHUHU y 341031, L]e modce ceiouumu, o
MENamoHin y ecHAHUL nepiod NiOGUWYE O3HAKU CUHMEMUYHOT aKMUGHOCMI ek30KkpunHoi yacmunu 113,
mMoOi Ik 60CeHU (3a OIILUICTII0 MOPPOMEMPUUHUX NOKAZHUKIB) — OelyO 3HUNCYE IT PYHKYIOHANbHUL CMAH.
Busignero, ujo 66edenHs 20pMoHY 5K y 8eCHAHUIL (OibULOIO MIPOIO), MAK i 8 OCIHHIL Nepiod NIOBUULYE O3HAKU
QyuryionanvHoi axmuenocmi eHdokpunnoi yacmunu I13. Ha ye éxaszye 3pocmanms posmipie ocmpieyie

Jlaneepaanca, 30inbuients Kitbkocmi po3mauio8anux y Hux eHOOKpUHOYUMIe.
Kniouogi cnosa: menamonin,; niowiyHkosa 3anosa.

BCTVYII

[Minmnynkosa 3ano3a (I13), sxiii BmacTuBa 30B-
HINTHS Ta BHYTPINTHS CEKPETOpHA isIbHICTD,
BiJIirpae BaXKJIIUBY pPOJIb B OpraHi3Mi TBapHH i
monuau. Bona cunTesye GepMeHTH (TpUIICHH,
Jimasa, amijgasza TOIno), SAKi HEOOX1aHI I Te-
peTpaBiieHHs OiNKiB, )XHPIB Ta BYIJIeBOIiB. B
SHJIOKPUHHIM YaCTUHI 3aJI03U BUPOOISIIOTHCS
ropMoHu (iHCYIiH, TIIOKaroH, COMaTOCTaTHH
Ta iH.), AKi PETYIIOI0Th BMICT IIYKpPY B KPOBI Ta
MiATPUMYIOTh NEBHUH PiBEHb TOMEOCTAa3HCy B
opranismi [1]. [IpoTaroM ychoro >KUTTS JTIOAHU-
Hu [13 3a3Hae BIIIMBY Pi3HUX HECHPHUITINBHX
(haxTOpiB: BXKMBAHHS AJIKOTOJIO, HESKICHOT 1Ki
1 BOIM, KypiHHS, TepeinanHs, HaJMipHE CIIO-
JKUBaHHA LIYKPY, 3a0pyIHEHHS HaBKOJIUIIHHOTO
cepenoBuia, iH(eKIiHI XBOopoOHU Toto. Lle
9aCcTO MPHU3BOMUTH 10 3HMKCHHS (PYHKIIIO0-
HAJBHOTO CTaHy Ta PO3BUTKY MATOJIOT1i 3aJ103H.
OnHuM 13 odimiHaTFHUX 3aCO0IB MiJABUIICHHS
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¢dyHKIiOHATHLHUX MOXIUBOcTel [13 Moxke OyTn
npenapar ropMOHAJIBHOTO THUIY MEJIaTOHIH.
Binomo, 1o BiH Ma€ yHiBepcallbHI aIalTOreHHI
BJIACTHBOCTI, SIKi peani3yloThCs Ha PI3HUX (PyHK-
MiOHAJIBHUX PIBHAX 1 CTOCYIOTHCS OIJIBIIOCTI
OpraHiB i cucteM. MeJlaTOHIH € PeryasiTopoM
MeTa0OoTIYHUX, IMyHHUX 1 PENpPONYKTUBHHUX
npolecis, Oepe ydacTb y MexaHi3Max TepMope-
TYISIIi Ta cTapinHi [2].

[lokazaHo, 10 MeNaToOHiH, SIK NPSIMUN aK-
HETNTOp paJMKaIiB KHCHIO Ta a30Ty 1 aKTUBATOP
AHTUOKCHUJIAHTHUX (EepMEHTIB, e(pEeKTHBHO
3axumae TkaHuHU [13 Bix OKMCHOTO cTpecy i
3aMaJibHOTO MOIIKOKEeHHS [3]. BeraHoBieHo,
1o Horo BBeaeHHs noninmye ¢ynkuito 13 [4],
aKTUBY€E CHHTE3 HEIO MAaHKPEATHIHOI aMisia3u [5]
tomro. [lepeBakHa GiNbIIICTh HAYKOBUX IPaIlh
MPUCBSYCHA JIOCHIKCHHIO i MEJaTOHIHY Ha
eHnokpuaHy dactuny 13 [6, 7], Toxi sk #oro
BILJIMB Ha EK30KPHHHY YaCTUHY 3aJ1031 — BUBUE-
Hull HepoctarHbo [8]. JliteparypHi nani yacTto
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HeOJHO3Ha4Hi 1 cynepewtusi [7, 9]. lle moxe
OyTH MOB’S13aHO SK 3 BUKOPUCTAHHSIM B €KCIIe-
pUMEHTax TBapWH PI3HOTO BHUIY 1 BiKY, TaK i 3
BIAMIHHOCTSIMH TIPOBEJICHHS €KCIIEPUMEHTIB y
pi3HUN "Yac mo0u i pi3HY MOPY POKY, B J03aX
BBEJICHOI'O Tpernapary, TPUBAJIICTIO €KCIIepH-
MEHTIB TOLIO.

Merta Hamoi poOOTH — AOCIIIUTH Ta HOPiB-
HATH MOPQOJIOTIUHI 3MiHU €K30- Ta €HJIOKPHH-
Hoi yacTuHH [13 MosTonuX IIypiB MicCIIsT BBEICHHS
MEJATOHIHY Y BECHSHUM Ta OCIHHIN mepioau

POKY.

METOJUKA

JlochiuKeHHS MPOBEICHO Ha 48 1Iypax-camIfsiax
ninii Bictap BikoM 3 Mic y BeCHAHHH (KBITCHD)
Ta OciHHil (IMcTonan) nepionu poxy. TBapuHam
JOCIIAHUX TPYIN LIOJIHS MEPOpPajIbHO BBOAH-
nu ek3oreHHUW MenatoHiH (“Unipharm Inc.,
CIOA”) o 10.00 B mo3i 5 mr/kr. Ulypu Bcix
rpyn nepeOyBanu B yHiQiKOBaHMX yMOBax 3i
CTaHAApPTHUM palioOHOM XapuyyBaHHS Ta MPH-
POIHHUM LUKIJIOM CBITJIO/TeMpsiBa. TpHUBaiicTh
ekcniepuMeHTty cranoBuia 28 mi6. lllypu Oymu
posmineni Ha wotupu rpynu: I i Il rpynu — iH-
TaKTHI TBAPUHU Y BECHSIHUH Ta OCIHHIHN mepioau
Biamosigno, 11 1 IV — mypwu, ski orpumyBanu
€K30TCHHHUH MENaTOHIH Yy BECHSHHH 1 OCiHHIN
nepiox poxy BiamoBigHo. Poboty 3 mypamu
NPOBOAUIM 3 AOTPUMAHHIM MIXHapOIHUX
MIPUHIHTIB €BPOTEHCHKOI KOHBEHIIIT PO 3aXUCT
XpebeTHUX TBAPHUH.

MopdodyHKIliOHATBHY aKTUBHICTh TKAHUHH
I13 omiHOBaIM 3a JOIMOMOIOK I'ICTOJOTTYHUX 1
MOP(POMETPUYHUX METOJIIB JOCIIKEHHS. 3 TKa-
HuHY 113 BUTOTOBIISAIH TiCTOJIOTIUHI TIperrapaTu
3a CTaHAAPTHOIO METOIUKOIO: (PiKCYBaH B Piau-
Hi ByeHa, 3HEBOAHIOBAJIN Y CIUPTAX 3POCTAIOUO]
koHUeHTpauii (Big 70 no 96°) Ta giokcani. OTpu-
MaHi 3pa3ku 3ajauBaiu B napadin. [lapadinosi
3pi3H, 3aBTOBIIKM 5—6 MKM, BUTOTOBJISUIM Ha
CaHHOMY MiKpoTOMi, (apOyBaiu TreMaTOKCH-
ninoM bemepa ta eosmnom. s Bizyamizarii
€JIEMEHTIB CIOJYYHOI TKAHWHU 3aCTOCOBYBAJIN
METOJIU JIBO- Ta TPUKOJIIPHOTO 3a0apBieHHS 32
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Ban-I'izonoM Ta Macconowm [10]. 3 Bukopucran-
HsIM U poBOi kKamepu Mikporpenapatu GoTo-
rpadyBanu Ha Mikpockomi «Nicon» (SmoHis).
MopdomeTpiro 37ifiCHIOBAIN 3a JOMOMOTOI0
KoMII toTepHoi mporpaMu «Image J».

Ha rictonoriunux 3pizax TkanuHu [13
MPOBOIUIH TiCTOMOPPOMETPUYHUNA aHATI3
€K30- Ta €HJJOKPUHHOI YaCTHHH opraHa. B ek-
30KpuHHIN yacTuHi [13 BuMiproBamu niameTp
1 MJIONy MOMEPEYHOT0 Iepepi3y aluHYCIB,
BHUCOTY 1 IJIONIY €K30KPUHOIUTIB, iX sijep Ta
[UATOIUIA3MHU, I APaXOBYBaIU KiTbKICTh sIepellb
B sIpax €K30KPHHOIUTIB 1 CEpeaHIO KiJbKiCTh
KJITITHH B anuHyci. B eamokpunHii gactuHi [13
paxyBaJM CEPEIHI0 KUThKICTh MAaHKPEATUIHHUX
oCTpiBIiB Ha oxuHuUIIO wiomi (500 Mrm?) i
KITBKICTh €HAOKPHUHOITUTIB, BUMiPIOBAIH TIJIOTITY
1 JiaMeTp MONepeyHoTo Tepepizy OCTPiBIIIB,
BH3HAYAM IIJIbHICTh PO3TALIYBAHHS KIITHH Y
HuX. JlJis BU3HAYCHHS CTaHy CIOJYyYHOTKAHHUH-
HUX €JIEMEHTIB y 3aJ1031 BUMIpPIOBAIU IIUPUHY
MPOIIAPKIB MI’)KYACTOYKOBOI Ta MiKAIMHYCHOL
crioy4yHoi TkaHueM [11].

CratuctudHy 0o0poOKYy pe3ynbTaTiB
3MIHCHIOBAIIM METOJIaMU BapialliliHOI cTaTuc-
THKHY 32 JJOMIOMOTOI0 KOMII FOTEPHOT MpOoTrpamMu
Statistica 5.0. BiporinHicTh pi3HHII MiX KOH-
TPOJBHUMH 1 JOCTITHUMH TPyTIaMH OI[IHIOBAIN
3a kputepieM t CThIOCHTA.

PE3YJbTATHU TA IX OGTOBOPEHHSI

Crpyxkrypa I3 po3ainseTrscss Ha €K30- Ta €H-
JOKPUHHY 4YacTUHHU. EK30KpUHHA YacTUHA
CKJIaJla€ OCHOBHY Macy 3aJI03H 1 IpeCTaBlieHa
allMHyCaMHU, BCTaBOYHUMH, MIXKAI[UHYCHUMHU,
BHYTPIIIHBO-, MI)K9aCTOYKOBHUMH 1 TOJTOBHUMH
nporokamu. PopMa aMHYCIB K B KOHTPOIb-
HHUX, TaK 1 B JOCIITHUX IIypiB pi3HOMaHITHA:
OKpyIJla, OBaJibHA Ta BHJAOBXKEHA. AIMHYCH
BHUCTEJICHI 3 CEPEJMHU CEKPETOMPOTYKYOUUMHU
KOHYCOTIOJIIOHUMU KJITITHHAMU — €K30KPHHOIIH-
TaMH, IKi MafOTh TPUKYTHY, YOTUPUKYTHY, OKpPY-
Ty 94 OBaJIbHY opmy. OTHIM ITOTFOCOM, OiTBIIT
3BYKE€HHM (BepXiBKa), BOHM HampaBiieH] A0
LEHTpa allMHyca, MPOTUJICKHUMHU PO3MIUPEHUM
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(ocHoBa) — Ha30BHIi. [luTominasma KJIITUH Mae
3EPHUCTICT. SIAPO po3MIlLy€eThCs O1JIst OCHOBH,
JI¢ 3epHUCTICTh BUpa)keHa MEHLIOK Mipolo,
Ta MICTUTH sSAepusd. AIIMHYCH 00’ €IHYIOTHCS
B YaCTOYKH, 30BHI MOKPHUTI CIIOJYYHOTKAHUH-
HOI0 00OJIOHKOIO, SIKa MpEJCTaBIeHA MyXKUM
MepPeIUICTIHHSAM TOHKMX MYYKIiB €JacTUYHUX 1
KOJIATCHOBUX BOJIOKOH (puc. 1).

B orpumanunx MopoMeTpUUYHHUX MOKa3HU-
KaX BHSBIICHO BiAMIHHOCTI (pyHKIIOHAJIBHOTO
cTaHy eKk30KpuHHOT yacTuHU [13 KOHTpOIBHUX
mypiB y pi3Hy mopy poky. Tak, B OCiHHIl re-
piox BOHM Manu OUIBIII PO3MIpH allMHYCIB, a
camMe: cepelHii JiaMeTp i IOy MONEepEeYHOro
nepepizy Ha 10 1 17 % BignoBigHO MOPiBHSIHO
31 3HaUeHHsAMH y BecHsHWH mepiofa. [Ipu mpo-
MY, KIJIbKICTh €K30KPHHOIIUTIB B allUHYCI Ta 1X
BHCOTa MaJM TeHACHIiI0 10 3pocTaHHs. KoH-
TPOJIBHI IYPU BOCEHU MAJIM BIpOTiHO OibIIy
MJIOLY €K30KPHHOLMTIB, iX saep Ta MUTOIIa3-
mu Ha 58, 27 1 67 % BiANOBIAHO MOPIBHSAHO 3
BeCHSHUM mepiogoM (Tadim. 1). Todbto MoxHa
3poOUTH BUCHOBOK, IO NIYPH B OCIHHIO TOPY
POKY MaloTh OibIy QyHKIIOHATEHY aKTHBHICTD
ek30KpuHHOI yacTuHu [13 mopiBHAHO 3 BecHS-
HUM I1EpioIoM.

B orpumanux MophOMETpUYHHX MOKA3HU-
KaxX BHSBJICHO BiAMIHHOCTI (PYHKIIOHAJBHOTO
CTaHy eK30KpUHHOT yacTuHu [13 miciist BBeIeHHS
MEJIATOHIHY Y BECHSHHU Ta OCIHHIM MEepiojH.
VY BecHSIHMM mepion cmocTepiranxu BiporigHe
3POCTaHHS CEPeAHBbOro AiamMeTpa Ta IUIOoLli Mmo-
IepeyHoro nepepizy aununycis Ha 12 ta 21 %
BIZIMOBITHO TIOPIBHSIHO 3 KOHTpOJieM. BBeneHHs
TOPMOHY B OCiHHIl MepioJl, HaBIaKH — 3HUKYBa-
JIO PO3MIpH allUHYCIB, a came: aiametp —Ha 6 %
Ta iomy — Ha 16 % (P<0,05; Tabm. 1).

KinpKicTh €K30KPUHOIUTIB Y alMHYCI TiCIA
BBEJIEHHS MeNaToHiHy 3pocia Ha 10 (BecHOM)
ta 19 % (BoceHHM) MOPIBHSIHO 3 KOHTpOJIEeM. Y
BECHSIHUHU TIEPi0]] MII0IIa €K30KPUHOINTA, HOTO
s]Ipa Ta QUTOIIa3MH BiporiaHO 3pociia Ha 58, 20
169 % BiIMOBIIHO MOPIBHIHO 3 KOHTPOJIBHUMHU
MOKa3HUKaMu. BTpudi Oinbirie 3pocTaHHs IO
UTOIUIA3MH €K30KPUHOIUTA, HIX HOTO sijipa,
MIPU3BEJIO JIO0 BIPOTiIHOTO 3HMKEHHS SIACPHO-1TH-

920

Puc. 1. 3pi3u mianuTyHKOBOI 3271031 1HTAKTHOT TBapuHH (@)
Ta IIypa, SKOMY BBOIWIN MEJIATOHIH Y BEeCHAHUM niepion (0):
1 —anmnyc; 2 — octpiBens Jlanrepranca; 3 — Mi>K4aCTOYKOBa
CIOJTyYHa TKaHUHA. 3a0apBieHHS 3a MeTogoM Ban-I'i3onHa.
36inpmenns y 200 pasiB; B — MikpogoTorpadist eK30KpHHHOL
YaCTUHH MiJILTYHKOBOI 3aJ1031: | — eK30KPHHOLHUT; 2 — aIfy-
HyC; 3 — MDKallMHYCHA CIIONyYHA TKaHMHA. 3a0apBJeHHS 32
MeTonoMm Ban-T'i3ona. 30inpmennHs y 800 pasi
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TOILUIA3MAaTUYHOTO CIIBBIgHOMEHHS HaA 29 %.
Lle cBimunTH MPO 3pOcTaroue HABaHTAXKEHHS Ha
LHUTOIUIa3My KJIITHH Ta HMiABULICHY CEKPETOPHY
¢yHKIi0 oprana [12]. ¥V mocnimHUX HIypiB Y
OCIHHIN TIepioA MJI0IIa eK30KPUHOIIUTIB, iX sSaep
Ta MUTOIJIa3MHU HE MaJId BIPOTIIHUX BIAXHIICHB
BiJl KOHTPOJIBHUX MMOKAa3HUKIB. BrucoTa ek30Kkpu-
HOIIUTIB MICJIsl BECHSHOTO BBEJCHHS MEJIATOHIHY
MaJja TeHJACHIII0 10 3pocTaHHsg Ha 7 %, a Boce-
HU, HaBIIaK1 — 3HMKyBasnacs Ha 6 % MOPiBHIHO
3 KOHTpOJIEM. Slaepiis B eK30KpUHOIUTAX J100pe
Bi3yaJi3yBajiucs, MaJll YiTKi Mexi. BigmiueHo
BIpOTiIHE 3pOCTaHHS KUTLKOCTI sIIEPELlb B sJIpax
KJIITHH JOCHiAHMX I1ypiB Ha 18 (BecHoro) Ta 13
% (Bocenun). CyTTeBUX BiIMIHHOCTEH y 3Ha-
YEeHHSX SICPICBO-ANCPHOTO CITIBBITHOIICHHS,
HEe3aJIe’)KHO BiJ MTOPH POKY, MI’K KOHTPOILHUMH
1 JOCIIAHUMH TPyNaMu MIypiB HE BUABICHO
(tabm. 1).

EnnoxpunHa yacTHHa 3aiiMa€ 3HaUHO MEHILY
vactuHy TkaHuHH [13. BoHa yTBOpeHa ocTpiB-
wssmu JlaHTepranca, sKi IUCTIEPCHO PO3MIMIeHI
B 3a103i. OcTpiBIi BiJMEXKOBaHI BiJ| allMHYCIB

TOHKHUM CIOJIYYHOTKAHMHHHM IIPOINAPKOM Ta
SIBJISIFOTH COOOI0 MTPOHU3aHI TYCTOIO CITKOIO Ka-
MISIPiB KIITHHHI CKyTYeHHS (€HIOKPHUHOIIUTH )
okpyrioi popmu. Ix popma mepeBaxHO OKpyTIa
Ta oBasbHA (puc. 1).

KonTpospHi mypu B pi3HHI mepioll poky
Malli BiAMiHHOCTI B MOp(dodyHKIiOHATBHHUX
MOKa3HUKAX CTAaHy CHIOKPUHHOT YACTHHHU 3aJ10-
3u. Tak, y OCiHHIiH mIepioll BUSBICHO BipOTigHO
MEHIIy KiJTbKicTh ocTpiBIiB (Ha 45 %), ix ce-
penniit niametp (Ha 25 %) i utomny (Ha 13 %) ta
KITBKICTh PO3MIIIEHUX B HUX CHIOKPUHOIIUTIB
(Ha 15 %) mOpIBHAHO 3 BECHSHHUM IIEPiOJIOM.
MoxHa 3poOUTH BUCHOBOK, III0 TOPMOHCHHTE-
3ytoua (pynkmis [13 3HauHO BUIIA y BECHSHUI
nepiona, HiXK BoceHu (Tadm. 2).

[Ticyiis BBEJCHHS MEJNAaTOHIHY BECHOK Ta
BOCCHH BHSBJICHO BipOTiJHE 3HMKEHHS Cepe-
HBOI KiJTbKOCT1 OCTPiBIIiB (HAa OMUHUINIO TIJIOIII
500 mxm?) Ha 40 i 18 % BignoBigHO MOpPiBHS-
HO 3 KOHTPOJBHHUMH rpynamu miypis. IIpore
cami OCTpiBIll Yy AOCTITHUX TPy TBApPUH MAaJH
3HAYHO OIJBII pO3MipH, HIK Y KOHTpoOMi. Tak,

Tadmuus 1. MopdomeTpuyHi MOKa3HUKHU CTPYKTYPH €K30KPUHHOT YACTHHH MiAUITYHKOBOI 321031 MicJisl BBEIeHHS
eK30reHHoro mejaaroniny (M+m, n=12)

IS POT— Becna Ocinb
Kontpons | Hocnin Kontpoins | Hocunin

CepenHiii niameTp anuHy-
ca, MKM 30,7+0,87 34,3+1,51%* 33,7+0,94 31,3+0,62
Inoma anuuyca, MKM? 860+27,65 1044+13,7* 1006+43,92 842+42,1%*
KinpKiCTh €K30KPHUHOIUTIB
y anuHyci 7,9+0,35 8,7+0,37 8,4+0,24 10,0+0,35*
[Tnowma, MKkM>

CK30KPUHOIUTA 76,6+12,7 121,2+5,50%* 121,1+4,81 111,6+6,44

sapa 16,9+1,02 20,2+1,78* 21,4+0,8 22,3+2.35

UTOILIa3MU 59,7+2.,6 101+£5,27* 99,7+4,27 89,3+5,89
SInepHO-LUTOIIIA3MATUYHE
CHIBBIHOIIEHHS 0,28+0,08 0,2+0,02* 0,21+0,008 0,25+0,01%
Bucora enirteniro amuHyca,
MKM 11,5+0,62 12,340,11 13+0,56 12,2+0,43
KinpkicTs simepens
(ma 100 simep) B €K30KpH-
HOITUTaxX 1,42+0,07 1,68+0,02%* 1,414£0,03 1,6+0,03*
SnepueBo-saepHe CHiBBII-
HONICHHS 0,084+0,007 0,083+0,01 0,066+0,003 0,072+0,009

[IpumiTka: TyT 1 B Tabn. 2. ¥*P<0,05 nopiBHIHO 3 KOHTPOJIEM.
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Tadmuus 2. MopdomMeTpuyHi NOKA3HUKU CTPYKTYPH €HIOKPHUHHOI YACTHHH MiIIJIYHKOBOI 32J1034 MicJI BBeIeHHS
eK30reHHoro mejaroniny (M+m, n=12)

IToka3Huku Becna Ocib
octpiBmiB Jlanrepranca Koutponb | Hocumin Koutpons | Hocin

Kimegi

WIPKICTD 240,24 1,21+0,15% 1,120,28 0,9+0,18%
Ha 500 MKM>
IToma, MKM? 115961057 15409+1304* 86814195 10533+1004*
JTiameTp, MKM 109,8+10,9 129,5+12,9* 95,1+11,6 103,3+12,9
KiapKkicTh €HIOKPHUHOIUTIB 104,2+12,7 137,7£12,3%* 88,3+15,5 110,9+15,2%*
HULERICTE POSMIMICHRS €HAO- 09,0 0009 0,00940,0009 0,010,001 0,011=0,006

KPHUHOILIUTIB

MicJIsl BIUTMUBY MENaTOHIHY Y BECHSHHUH Tepion
CIIOCTEpiTaad BipOTigHE 3pOCTAaHHS IO T0-
nepeyHoro nepepizy (Ha 33 %) Ta cepeHBOrO
niamerpa ocTpiBLiB (Ha 18 %). [Ticas ociHHBOTO
BBEJICHHSI TOPMOHY X PO3MipH 3pOCTaly MEH-
100 Mipoo, a came: Turoma — Ha 21 % (P<0,05)
Ta miametp — Ha 9 %. 30inbIIEHHS PO3MIipiB
OCTPIBIIIB TIOB’sI3aHE 31 3pOCTAHHSIM KIIBKOCTI
CHJAOKPHHOLUTIB y HUX Ha 32 (BecHOI0) 1 26 %
(Bocenm) (P<0,05) mono xoutpomto. lLlinbHiCTH
pO3TalllyBaHHS €HJIOKPHHOIMTIB B ITAHKPEaTHU-
HHX OCTPIBIAX JIOCIHIIHUX IIypiB 3pocia Ha 10
% nmumme Bocenu. OTKe, MEIIaTOHIH, HE3aJICKHO
BiJl IOpH POKY, MiABUIIY€E (PYHKIIOHATBHY aK-
THBHICTh €HJIOKpUHHOT yacTunu [13 (Tadu. 2).
JlirepatypHi maHi cBig4arh, IO Mela-
TOHIH 0€3MOCepPEeHhO BILIMBAE HA CEKPETOPHY
aKTHUBHICTH ocTpiBIiB Jlanrepranca [13]. B

MKM
5,07

4,51
401 7

3,51

7

3,01

2,51

2,04

OCiHb

BeCHa

OJIHMX IIpalsiX I0Ka3aHO, L0 BIH CTUMYJIIOE
nito a- 1 B-xmituH. Tak, Kynraip Ta cniBast. [9]
BUSIBWJIM, 1[0 BBEACHHS MenaToHiHy (B 1031 10
MT/KT BIIPOJIOBXK 7 J1i0) Iypam 3 MOJIEIbOBAHOO
(hopMoOIO IYKPOBOTO /ia0ETy, BiTHOBIIOE MOP-
¢donoriuny cTpykrypy octpisiis [13. Bigmiueno
3017pIICHHS PO3MIpIB OCTPIBIIB Ta KIIBKOCTI
PO3MIIIEHUX Yy HUX CHIOKPUHOUUTIB. [HIIi
JOCIHITHUKU HaJlaloTh MEJIAaTOHIHY POJb 1HTi0i-
TOpa LIOJ0 CHHTE3y Ta BUBUILHEHHS 1HCYIiHY.
Peschke Ta criBaBT. [ 7] mokazanu i oxapakTepu-
3yBaJIW MEJIATOHIHOBI pEleNTOpH Ha B-KIITHHAX
MaHKpeaTUIHUX OCTPIBIIIB, Yepe3 AKi MPUTHITY-
€TBHCSI MPOAYKIis 1HCYMIHY. [HIIT aBTOpHU CTBEp-
JOKYIOTB, 1110 MEJIaTOHIH BIUTMBA€E HA aKTUBHICTh
OCTpIBLIB HE MPSIMO, & OMOCEPEIKOBAHO Yepe3
COMAaTOTPOITHUMA TOPMOH 1 IHCYNIHOMOAIOHMHA
daxtop pocty 1 [14]. I'pyna gocirigHuKiB Ha

MKM
0,83

0,79

0,75

0,71

0,67

0,63
| Il 1] v
BecHa 6 OCiHb

Puc. 2. lllnpuna npomapkiB Mi>K4acTOUKOBOI (@) Ta MiKaIMHYCHOI (6) CHOTyYHOT TKAHWHH ITiJIUTYHKOBOI 3aJI03H IIyPiB MiCIIs
BIUTMBY MEJIATOHIHY Yy BECHSIHHH Ta oCiHHIH nepioan. *P<0,05 mopiBHIHO 3 KOHTpOIEM
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yoiii 3 Ramraeheya [6] BBakarTh, 110 ePeKTH
MeJaTOHIHY BuIocmenudivyHi: BiH MpUTHIYYE
(GyHKIII0 B-KIITHH TPU3YHIB, IPOTE CTUMYJITIOE
iX akTUBHICTH y nromeit. Okpemi AOCTiTHUKU
MPHUITYCKAIOTh, IO MEJATOHIH Ma€ 3MaTHICTh
perenepyBatu B-kmitunu [15, 16].

VY Hammx IOCTiAKEHHSX BUMIpPIOBAJU IIHU-
PUHY MPOIIApPKiB MI’KYaCTOYKOBOI Ta MiX alu-
HYCHOI crojy4Hoi TKaHuHU. BusaBiaeHo Bia-
MIHHOCTI y 3MiHI I[bOTO TIOKa3HWKa y 3aJI03i
Miclg BIJIMBY MENATOHIHY y Pi3HY TOpY POKY.
Tak, BBeJICHHSI MEJIaTOHIHY y BECHSHHI Mepion
3HWKY€E HMIUPHHY MTPOMIAPKIB MiKYacCTOYKOBOT
Ta MDKaOUHYCHOI crnoiay4Hoi TKaHHHH Ha 20
(P<0,05) i 8 % BiaMOBiTHO MOPIBHSHO 3 KOHTP-
oneM. Ilicias BIUTMBY TOPMOHY B OCiHHIH TIepion
CrocTepiransu BipoTiJlHE 3pOCTAHHS IMHPUHU
MIKYaCTOYKOBOI CIONY4YHOT TKaHWHH Ha 23 %
(puc. 2). ToOTO BBeACHHS MEIAaTOHIHY IIypam y
BECHSIHUHU MEPioJ Mae 0O3HAKU 3HUIKCHHS KiJb-
KOCTI eJIeMeHTiB cnosyyHoi TkauuHu y I13, a
BOCEHH, HaBIIaKH — 301JIbIIICHHS.

Otxe, 3 OTpUMaHUX MOP(POMETPUUHUX
pe3yJbTaTiB MOKHA 3pOOUTH BUCHOBOK, IIIO 1H-
TaKTHI IIypH B OCIHHIO IOPY POKY MaloTh OiMb-
my (QyHKIIOHAJIbHY aKTUBHICTh €K30KPUHHOI
gacTUHY [13 MOpiBHSAHO 3 BECHSIHUM TIEPi0OIOM.
Toxi sk aKTHUBHICTh CHIOKPUHHOI YaCTHHHU 3a-
7031 O1NIbIIAa Y BECHSHHH MEpioJl, HI)K BOCCHH.
Ex3okpunna yactuna [13 niypiB HEOJHAKOBO
pearye Ha BIUIMB MEJATOHIHY y Pi3HY HOpY
poKy. BBeneHHs MenaToHiHy y BECHSIHUI epiox
301JIBIITY€E PO3MIPH AllMHYCIB, BUCOTY, TJIOITY
€K30KPUHOIIUTIB, iX SAep Ta MIUTOILIA3MH, K1JTh-
KICTB si/Iepelb B SAPax KIITHH, 3HUKYE IUPUHY
MPOIIAPKiB CMIONYYHOI TKaHUHU. [licist BBeneH-
HsSI TOPMOHY BOCEHH 3MEHIIYIOTHCS PO3MipH
alMHYCiB, BUCOTA Ta IUIOLIA €K30KPUHOLMTIB,
3pPOCTa€E KITBKICTh €K30KPUHOIUTIB y aIllUHYCI,
YUCENBHICTh fA/Iepellb Ta NIMPUHA MPOIIAPKIB
MDKYaCTOYKOBOI CMONYYHOI TKAHWHH y 3aJ031.
Ile Mo’xe CBiAYMTH, IO MEJATOHIH Y BECHSHUN
nepios MiABHUILYE O3HAKW CHHTETUYHOI aKTHB-
HOCTI ek30KpuHHOI yacTturau I13, a Bocenu (3a
O0impIIicTIO MOPPOMETPUUHHUX MOKA3HHUKIB),
HaBMaKkW — JeNI0 3HWKYE i1 QyHKIIOHATBHUN
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cTaH. BusBiieHo, 1110 BBEACHHS MENATOHIHY SIK
y BeCHSIHUH (OiBII0I0 MipOK0), TaK i B OCiHHIH
nmepioa MiABHUIIYE O3HAKH (DYHKIIOHANBHOI
AKTUBHOCTI eHJ0KpuHHOI yactunu [13. Ha me
BKa3ye 3pOCTaHHs po3MipiB ocTpiBuiB Jlanrep-
raHca, 301bIIEHHS KITBKOCTI PO3MILIEHHUX Y
HUX €HJOKpUHOUMUTIB. OTpUMaHi pe3ynbTaTu
MOXXYTbh MaTH HE TiJIbKH TEOPETHUUYHE 3HAYCHHS,
aje 1 MPEeJCTaBIATH MPAKTUYHHUHA 1HTEpecC s
CE30HHOTO ITiIBUIIIEHHS €(DeKTUBHOCTI TepaIeB-
THUYHOTO MPHU3HAYCHHS MEIAaTOHIHY.

P.B. SInko

MOP®OJOTNYECKUE U3MEHEHUS
MOKEJTYIOYHOM KEJE3BI TOCJIE
BBEJEHMS MEJATOHUHA

Y PASHBIE CE30HBI TOJIA

HccenenoBaimn Mopgonornyeckrie N3MEHEHHUs TOMKETYI04YHON
xenesbl (IDK) mononsix kpeic uHuu Bucrtap nocne BBegeHus
DK30I€HHOI0 MEJIaTOHMHA B BECEHHMI M OCCHHUM NEPUOJIBI
roza. Ilpenapar >kMBOTHBIE TOTy4aan €KEJHEBHO B TEUEHHUE
28 cyT B 03¢ 5 Mr/ K. BeusiBieno, uto sxk3okpunHas yacts [DK
KpBIC M0-Pa3HOMY pearupyeT Ha BO3JeHCTBUE MENaTOHHHA B
pas3Hoe Bpemsi rofia. Tak, ociie ero BBEIEH!sI B BECEHHUI IEPUOJT
YBEIIMYHUBAIOTCS Pa3MepPhI allMHYCOB, BBICOTA MX SMUTENHS (Ha
7 %), IIoLIaab SK30KpHHOLMTOB (Ha 58 %), ux siaep (Ha 20 %)
1 IUTOILIa3MBbI (Ha 69 %), KOMMYECTBO SIPHILIEK B sIAPaX KIETOK
(Ha 18 %), cHIKaeTCsl IMPHUHA ITPOCIOEK MEKIONBKOBOH (Ha
20 %) n mexarHycHO (Ha 8 %) COeIMHUTENBHON TKaHU. A
OCEeHBIO HAOJTIO/IaIN YMEHbIIIEHHE Pa3MEPOB allHYCOB, BBICOTBI
1 TUIOIIAM 3K30KPHHOLIUTOB, POCT MX KOJIUYECTBA B ALMHYCE,
YHCIEHHOCTH AAPBIEK W IIUPHHBI TPOCIOEK MEXI0IBKOBOM
COEZIMHUTETLHON TKaHHU B JKeJe3e. DTO MOXKET CBHIETENbCTBO-
BaTh, YTO MEJIATOHUH B BECEHHUI MEPUO]] TTOBBIIIAET NPU3HAKU
CHHTETUYECKOM aKTHBHOCTH K30KpuHHOM yactu I DK, Torma kak
OCEHBIO (32 OONBIIMHCTBOM MOP(OMETPHUYECKUX MOKa3aTeseit)
— HECKOJIbKO CHIDKaeT ee (yHKIMOHaIbHOe cocTosiHne. OOHa-
PYKEHO, YTO MEJIATOHHH KaK B BECEHHUI (B OOJIbIIEH CTETIeH ),
TaK 1 B OCCHHUI IIEPHOJ MOBBIIIAET NPU3HAKY (DyHKIIMOHAIBHOM
aKTUBHOCTH 3H10KpuHHOH yactu [DK. Ha 310 ykasbiBaet poct
Ppa3zMepoB ocTpoBKOB JIaHrepraHca 1 yBeIMUEHNE KOJIMYECTBA B
HHX SHIOKPUHOLUTOB.

KiroueBble clioBa: MeITaTOHNH; MODKETYJOUHAs JKeTe3a.

R.V. Yanko

MORPHOLOGICAL CHANGES PANCREAS
AFTER OF MELATONIN’S EFFECT IN
DIFFERENT SEASONS

Morphological changes of the pancreas of young rats after
exposure of exogenous melatonin in the spring and autumn
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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 experi-
ment was 28 days. It was revealed that the exocrine part of
the pancreas responds differently to the effects of melatonin
at different times of the year. Thus, after administration of
melatonin in the spring increase of the size of acinus, the
height of the epithelium (by 7 %), area exocrinocytes (by
58 %), of their nucleus (by 20 %) and cytoplasm (69 %), the
amount of nucleoli in cells (18 %), reduction the amount of
connective tissue elements. Melatonin introduction in the
autumn decrease in the size of acinus, height and area of
exocrinocytes, growth the number of exocrinocytes in the
acinus, nucleoli and width layers interlobular connective tis-
sue in the gland. This may indicate that melatonin increases in
the spring of the synthetic activity of the exocrine pancreas,
whereas in the autumn (for the majority of the morphometric
parameters) — somewhat reduces its functional state. The
administration of melatonin in the spring (mostly) and in
the autumn periods increased the functional activity of the
endocrine pancreas. This is indicated by growth in the size
of Langerhans islets, increasing the number and density of
the (autumn) endocrinocytes.

Key words: melatonin; pancreas.

0.0. Bogomoletz Institute of Physiology, National Academy
of Sciences of Ukraine, Kyiv
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B3aemo3B’s130k aKTUBHOCTI emidiza Ta roHaa
y HIypiB-caMIIiB y Pi3Hi C€30HU POKY

B.B. I'natiok, H.M. Kononenko

Hayionanvnuii hapmayeemuunuii ynieepcumem, Xapxie; e-mail: gvalery nice@ukr.net

3a donomozoro suguenms emicmy MeiamoHiny ma mecmocmepony 8 Cupo8amyi Kposi 00CaioNHceHo PYHK-
YIOHANbHY aKMUBHIiCMb enighiza ma 2oHao y pizui ce30HU POKY V wypie-camyis piznoeo 6iky — 3, 9, 15 ma
20 wmic, wo gionogioae gixy noounu 14, 29-30, 43-44, 55-56 pokis. Buseuniu HAA6HICMb YUPKAHYAIbHO2O
PUMMY ceKpeyii sk MenamoHiny, max i mecmocmepory. Haubinowuti emicm menamoniny cnocmepieaemvcs
V wypis-camyie y 1imHiti ma 3umMosuil nepioo, HaumeHwull — socenu. Ha iominy 610 meramoniny Hatguwui
eMicIm mecmocmepory 6 yCix 6ikogux epynax 0y 6oceru, HaumeHwuil — 63umKy. Bcmanoenenuii 360pomnuti
KOpenAYItiHULL 36 130K MIJIC 6MICIOM Melamoniny ma mecmocmepony 6 gikogux epynax 3, 9 ma 15 mic
6 yci cesonu. Hatlbinvwuil xoeghiyienm xopensyii (r=-0,92) eusnauunu y wypie gikom 9 mic 6ocenu, Kou
6MICI MELAMOHIHY 6 CUuposamyi Kposi 6y6 HaUMeHWUM, d MecmoCcmepoHy — HauOLIbULl BIOHOCHO BCIX
8ixogux 2pyn ma cesonis. Ompumani pe3yibmamu 0a0msb 3M02y CMEepoICy8aAmU PO HAAGHICb 36 3Ky
MIHC PYHKYIOHAILHOI aKMUBHOCMI eniiza ma 20Had y wypie-camyie pizHoeo 6iKy 8 pi3Hi ce30HU POKY.
Kurouosi cnosa: enigiz; 2onaou,; meniamorin, mecmocmepoH, ce30HU poKy, CMams, 6iK

BCTYII

Binbuiicts ¢i3ioNoriyHUX MpoLEciB Ha Pi3HUX
pPIBHSAX Oprasizaiii — BiJl MOJCKYJISIPHOTO IO
OPTaHHOTO — MPOXOASATH 13 BU3HAYCHOIO TIe-
pionuyHicTIO. PUTMH OKpeMHX MOKa3HUKIB 1
GyHKIIH y HOpMi CHHXPOHI30BaHi MiXk c00010,
1o 3abe3neyye BUCOKY HaAlHHICTh (QYHKIIIO-
HyBaHHA opraHizmy [1]. 3rigHO 3 cydyacHUMH
VSABJICHHSIMH POJIb MPOBIAHOTO BOJisl PUTMY
BiAIrpaloTh cympaxiasMaTH4HI siapa rimorana-
myca (CXSI). Uepe3 KOHTAKTH 3 Tinmorajiamid-
HUMHU HEHPOEHIOKPUHHUMHU KIITHHAMH, IIO0
MICTSATh pUiIi3UHT-TOpMOHU, CXS perynoioTsh
n000B1 pUTMH ceKpelii ropMoHiB rinogiza ta
HAJICUJIAIOTh CBOI CUTHAJIU 10 PO3TAIIOBAHUX
Ha nepudepii eHIOKPUHHUX 327103 (HaTHUPKOBI,
IIUTOTO/I0HA Ta CTATEB1 3aJI03H1), BUKJIUKAIOUH
PHUTMIiYHI 3MiHU PiBHS CHHTE30BAHUX HUMHU
rOpMOHIB [2].

VYHiKalbHE pEeryiasaTOpHE 3HAYCHHS I
poOOTH HEPBOBOI Ta CHAOKPUHHOI CUCTEM Mae
emi¢i3, 3MaTHUH 1HTErpyBaTH Pi3HI €K30TCHHI
W €HNIOTeHHI CHTHANN, TpaHCPOPMYIOUHU iX y

© B.B. I'matiox, H.M. Kononeunko
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TOpPMOHAJIbHY BiAMOB1Ib. [1030aBIeHN BITacHUX
PUTMO3ajaBaIbHUX BIACTUBOCTEH Yy CCaBLiB, BiH
3abe3Ieuye MmoeJHaHHS, KOOPIWHAIIIO Pi3HUX 32
nepiogom Oiosoriunux putmiB [3]. B ocTanHi
POKHM MEJIaTOHIH PO3MIISAAIOTh K MPOBiIHHUH
IHTETpaTop, MO0 OMOCEPEIKOBYE BCi HAWOITBIIT
BaXJIMBI QyHKIIIT emidiza, ToB’s3aH1 3 KOHTPO-
JeM JisJIbHOCTI mepu(epuyHuX €HIOKPUHHUX
3aJ103 Ta LEHTpajbHOI HEPBOBOI cuctemMu. B
HOpMi Horo (QyHKIiOHaNbHA aKTHBHICTH 3HA-
XOAUThCS B MpoTu(dasi 3 qisuIbHICTIO Tinmodiza.
SIkmo rimodi3 3a paXyHOK TPOIHUX TOPMOHIB
aKTHUBYE CHIOKpUHHY (QyHKIIIO, TO emidi3, Ha-
BHaku, ii ransmye [4]. [Ipu ubomMy 3HUKEHHS
BMICTy MEJaTOHIHY B KPOBI CTHUMYJIOE€ CHHTE3
rinogizom mroreinizyrouoro (JII') Ta domikymo-
crumymorodoro (OCI') ropmoHis [5].
TecToCTEpOH — € rOJIOBHUM FOPMOHOM, 110
MiITPUMY€E CEKCyallbHY (YHKIiIO y YOJOBIKiB
Ta 3a0e3reuye B3a€MOJIII0 MiXK HEPBOBOIO, €H-
JTOKPUHHOIO Ta CyIuHOI0 cuctemamiu [6]. [1po-
LeC CHHTE3y TECTOCTEPOHY 3HAXOIMUTHLCA MiJ
KOHTpOJIEM TrinmoTajiaMo-TinmodizapHoi cucTeMu
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Ta peayli3yeThCs 3a MEXaHi3MOM 3BOPOTHOTO
3B’SI3Ky Ha JBOX PIBHSX: rillOTajlaMidvHOMY Ta
rinogizapaomy [7]. BpaxoBytoun BiToMOCTi ITpo
BIUMB MenatoHiny Ha cuHTe3 JII' 1 ®CI, 3HaHHS
PO B3a€EMO3B’ 30K IMX TOPMOHIB Ta CHHTE3Y
TECTOCTEPOHY, 0OTOBOPIOETHCS HASIBHICTD 3B’ 513~
Ky 1 MK PIBHSIMH MEJIaTOHIHY Ta TECTOCTEPOHY
0e3nocepenHbo. Takoxk BiIOMO, IO ACSIKUM XBO-
pobam, B maToreHe3i IKMX HUHI BEJIHKE 3HAYCHHS
HaJlaeThCAd MENAaTOHIHOAS(INHUTY, — BHPA3KOBa
xBopoOa nuryHka, iHpapKT Miokap/a, Tinepro-
HiuHa XBOopoOa [8], mpuTamMaHHI TeHACPHI Ta
BiKOBi 0COOMMBOCTI BAHUKHEHHS — CTATUCTUYHO
BHCOKIi piBHI 3aXBOPIOBAHOCTI y 0¢i0 40nM0Bi4Oi
cTari MoIoJ0TO BiKYy [9], aie x poobiT, ae Oyio 6
BUBYCHO B3a€MO3B’SI30K MK PIBHIMH MEJIaTOHI-
HYy Ta TECTOCTEPOHY B CHPOBATIII KPOBIi y IIypiB
a00 YOJIOBIKIB Pi3HOTO BiKYy B pi3Hi CE30HU POKY
MU HE 3yCTpiu.

Merta pobOTH: BCTAHOBUTH B3a€MO3B’SI30K
aKTUBHOCTI emi(iza Ta roHaj y HIypiB-CamIliB
PI3HOTO BiKYy B pPi3HI CE30HU POKY 3a JOTIOMOTOIO
BUBYCHHS BMICTY MEJIATOHIHY Ta TECTOCTEPOHY
B CHpPOBATIIi KPOBI.

METOJAUKA

JocnimkeHHs BUKOHaHI Ha 96 mrypax-camiisx,
sIKi OyJTY pO3TOiNIEHI HA TPYTIH 32 BIKOM, a came
3,9, 15 ta 20 mic, 1110 BiMOBi/Ia€ BiKYy JIFOJIU-
Hu 14, 29-30, 43-44, 55-56 pokiB BiANOBiAHO,
B YOTHUPHOX CE30HAX: OCiHb ()KOBTEHB), 3UMa
(ciuenn), BecHa (Oepe3eHb) Ta JITO (JUIEHB).
[lix wac gocaixy TBapUHU OyNH PO3MOiJICH] HA
Ipynu 1o 6 TBApuH B KOKHIM, yTPUMYBaJIUCS HA
CTaHJIapTHOMY XapuoOBOMY paIlioHi Ta TeMIIepa-
TYPHOMY PEKHMi B YMOBaxX NPUPOAHOIO OCBIT-
JIeHHsI 0€3 BIUIMBY IITYYHHUX JPKEPET OCBITICHHSL.
CriBBiTHOIIEHHS CBITIIO/TEMpsiBa OYJIO TaKUM:
ociab — 10:14, 3uma — 8:16, Becra — 12:12, mito —
16:8. Bu3HavueHHs BMICTy MEIaTOHIHY Ta TECTOCTE-
POHY B CUPOBATLi KPOBI IIypiB BUKOHYBAJIN METO-
oM IMyHO(EPMEHTHOTO aHAITi3Y, 3 BAKOPUCTAHHSIM
Habopy Melatonin ELISA («IBL-Internationaly,
Himeuunna) Ta Habopy DRG Tecrocrepon ELISA
(«DRG», Himeuunna). 3abip KpoBi MPOBOIUIHN 3

96

10.00 go 12.00. Ilepiox mist 3a00py KpoBi Oyio
00paHO TaKUM YHHOM, 11100 He Oyio 30iriB mikiB
HUPKaTiaHHUX PUTMIB CEKpEIil MOCTiIKyBaHUX
TOPMOHIB — 17151 MenaTtoHiHy 11e 3 2.00 mo 4.00, s
tectoctepony — 6.00-8.00 [3, 10], a Takox 3 ypaxy-
BaHHS HASBHOCTI HU3bKO- T4 BHCOKOAMILTITYIHUX
PHUTMIB CEKpeLii MeIaTOHiHY, CIIIBBIJHOLICHHS SIKHX
MO-Pi3HOMY TIPE/ICTaBIICHI B Pi3HUX BIKOBHX TPY-
T1ax — y MOJIOJUX ITePEBaKAt0Th BUCOKOAMITIITY/THI
PHUTMH, a y 0Ci0 TOXMIIOTO BIKY — HU3bKOAMTLITITYITHI
[11]. Yci BTpyuaHHs Ta €BTaHA3110 TBAPUH MPO-
BOJMJIM 3T1JHO 3 BUMOTaMM KOMicii 3 010€TUKHA
H®daV Ta «3aranbHUMU €eTHYHUMHU TPUHLIUATIAMEI
€KCIIEpUMEHTIB Ha TBAPHHAXY, IO Y3TO/IKYIOTh-
Cs1 3 TIOJOKEHHAMHU «CBPOIEHCHKOT KOHBEHIIIT PO
3aXHCT XPEOSTHUX TBAPHH, SIKUX BUKOPHCTOBYIOTh
JUISL EKCTIEPUMEHTAJIBHUX 1 THIIUX HAYKOBUX IILJICHY
(CrpacOypr, 1986) Ta I HauionaisHOro KoHrpecy
3 6ioetuku (Kuis, 2001). [{ns BU3HAUCHHS B3ae€-
MO3B’SI3KY BMICTY MEJIaTOHIHY Ta TECTOCTEPOHY
po3paxoByBaim KoedimieHTH Kopesinii. Ominky
HIUTHHOCTI 3B’s3KYy mpoBoAmiIH 3a «Tabnunero
Uennoka» [12]:

Koedoinient kopemsinii  1linbHICTD 3B’ 3Ky

1,0 3B’5130K QyHKIIOHATHHUH
0,9 - 0,99 Hyxe cunpHul

0,7-0,9 CuisHUHR

0,5-0,7 3HaYHUI

0,3-0,5 IomipHuit

0,1-0,3 Cnabxuit

0,00 3B’5130K BiACYTHIN

CratuctuaHa 00poOKa MaTepiary BKIIrOJasa
BUKOPHUCTAHHS CTAaHJAPTHUX METOiB Bapialiii-
HOT CTaTUCTHKH, PO3PaxyHOK CepeHiX 3HaUYCHb
(M) ta cepennboi moXuOKHU (M); OLIHKY OTpPH-
MaHUX Pe3yJbTaTiB MPOBOAMIA METOJOM OJTHO-
(daxtopHoro mucmnepciiinoro anainizy ANOVA,
BiporiJHOI0 BBaxkau pizauIto npu P <0,05 [13].
BukopucroByBanu nporpamue 3abe3mnedcHHs
Statictica 7.0 Ta Excel.

PE3YJIBTATHU TA iX OBTOBOPEHHS

By1no BcTaHOBIICHO, 110 HAWOIIBIIHI BMICT MeJa-
TOHIHY CIIOCTEPITA€ThCS Y My PiB-CaMIliB B JiT-
Hilf Ta 3MMOBHH Mepio, a HANMEHIITNH — BOCCHHU
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(puc. 1,a). Bocenu neit moka3HUK BipOTigHO
3HI)KYBaBCSl y BCiX BikoBuX rpynax B 1,9-2.4
pasa mopiBHSHO 31 3HAYEHHSIMH BIITKY Ta B 1,8-2
pasu om0 3HaYeHb B 3UMOBHH mepion. HaitmeH-
ITAHA BMICT BOCEHH OYJIO BCTAHOBJICHO B TPYIIi
rypiB Bikom 9 mic — 127,28+5,11 nMoss/1, 1o
Oyno Ha 22% HIKYE MOPIBHIHO 3 3-MiCAYHUMHU
mypamu (P<0,05) ta Ha 20% — 3 mypamu Bikom
15 mic (P<0,05). HaBecHi BmMicT MenaToHiHy OyB
BHINMI HI’)K BOCEHU B yCiX BIKOBUX TpyIax, Xo4a
BipoTiJlHA PI3HUL BiAMiUeHA JHIIE Y HIypiB
Bikom 3 mic — 17% (P<0,05).

BcranoBaeno, mo HaliMeHIIHUH BMICT Me-
JaTOHIHY HABECHI CIOCTEPIraeThbcsl y LIypiB
BikoMm 20 mic — 140,54+8,43 nmons/n Ta, K i
BOCEHH, y mypiB 9 mic — 142,33+7,18 nmois/m,
1o BigmoBiaHO Ha 29-28% (P<0,05) Hmxue, Hix
y urypiB Bikom 3 mic — 198,66+10,24 nmoiib/i.
Takox HaBecHI BipoTiHA Pi3HULS BMICTY IIbO-
ro MoKa3HHKa Oysia MiXk BiKOBUMH rpynamu 9 i
20 mic — 25% ta 151 20 mic —16%. Y tBapun
BCIX BIKOBHX TPyIl HaBECHI cIocTepiramacs i
PI3HUIIS IIOJI0 BMICTY MEJATOHIHY 3UMOI0 Ta
aitom (P<0,05).

TakuMm 4YUHOM, y BCi CE€30HM HaMOINbIIMIA
BMICT MEJIATOHIHY BHUSBJICHO Yy IIYypiB BikoM 3
Mic, HaiitmeHmui — y mypiB 20 mic. OTpumani
HaMU Pe3yJlbTaTH y3TOKYIOThCS 3 JAHUMU JTi-
TepatypH [3], e aBTOpH BiIMI4alOTh 3HIKCHHSI
BMICTY MEJNATOHIHY Yy JIoJel OibII MOXUIOTO
Biky. BogHouac y Hamomy gociigkeHHi OyB
BU3HAUYCHUH HU3BKHUH BMICT MEJATOHIHY BOCE-
HU, TIpUTaMaHHUNA 9-MmicsaauM mypam. Otri-
HIOIOYM CE30HHI KOJWBaHHS BCTAHOBIEHO, IO
BIITKY B YCiX BIKOBUX rpymnax el MOKa3HUK
OyB HaWBHINMHI, IO HE 30Ira€Thcs 3 JaHUMH
Bounapenko [ 14], B sikiii Oyiu qOCTIIHKEeH] HiYHI
MKW CHHTE3y MEJaTOHIHYy B CHPOBATIII KPOBI
pamioiMyHHHM METOIIOM, aJie¢ Y3TOIUKYEThCS 3
MaHuMu 1Hmoi mpari [15], e oTOBOPIOIOTHCS
MUATAHHS HassBHOCTI BUCOKOT €KCKpelii MeTabo-
JITy MENaToHiHy — 6-CylIb()TOKCHMEIATOHIHY
came BiiTKY BHoUi. llei ¢akt aBTop [15] Ta iHMIi
HaykoBIli [16], B Tomy umcii i bongapenko [17],
OB’ A3yIOThH 31 3MiHAMH BEPTUKAJIBHOTO KOMIIO-
HEHTa reoMaritHoro mois 3emuti. OTpumani
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JlaHi BKa3ylOTh Ha T€, 110 UK CBITIO-TEMpPsBa
X04Ya 1 € MOTYXHUM, ajie He €IUHUM (PaKTOpOM
30BHIITHBOTO CEPEAOBHINA, TKHI PETyIIoe (hop-
MyBaHHS O1OpUTMIB Y MiHEaJIbHiH 3a71031. Takox
CJiJI BpPaxoBYBaTH EKCTpamiHENbHI JKepeia
CHUHTE3Y MEJIaTOHIHY, SKUI MOKE MOTPAILISATH B
KPOBOTIK 1 BIUIMBATH Ha BiJgaieHi KIITHHU-Mi-
meHi [ 18], a oTke OyTH YaCTHHOIO MEJIATOHIHY,
10 BU3HAYAETHCSA 11 9ac aHamizy. Haitmenmmit
BMICT MeEJIATOHIHY OyJIO BHUSIBIICHO BOCCHH Ta
HaBECHI, 110 Y3TOJKYETHCS 3 JaHUMH JIiTepa-
TypH, 1€ OOTOBOPIOIOTHCA MHUTAHHS 1CHYBaHHS
Ce30HHOTO (Pi3107TOTIYHOTO AECHUHXPOHO3Y B
repion 6iomoriyHOT BecHU Ta oceHi [19].

Caia BIAMITUTH, IO HAMBUIIMI BMICT T€CTO-
CTEpOHY y BCiX BIKOBHX Tpylax CHOCTepiraBcs
BOCeHHU, HaliMeHIUH — B3UMKY (P<0,05; nus.
puc. 1,6). OrpumMani pe3ynbTaTd y3roJXyHOTh-
cs 3 JaHuMHU Jitepatypu [20], miaATBEpIHKYIOUH
HassBHICTh MUPKAHYaJIbHOTO PUTMY CEKpemii
TECTOCTEPOHY Ta MOXJIUBUN B3a€EMO3B’ 530K
BMICTY MEJIaTOHIHY Ta TeCTOCTepony. [Iporsrom
BCHOTO €KCIEPUMEHTY BMICT TECTOCTEPOHY Y
20-MiCIYHUX IMYPiB 3aJIMINABCS HU3BKUM TIO-
PIBHSIHO 3 iHIIMMH BIKOBUMHU T'pyIIaMH, HE MaB
BipOTiIHUX BIAMIHHOCTEH B Pi3HI CE30HU POKY,
110 € BOKJINBUM IMOKa3HUKOM CTapiHHsI, IKE BijI-
OyBaeThcs B OpranizMi uonosikis [21]. Haii01yb-
LIMH BMICT TECTOCTEPOHY y KpOBi OyB BOCEHHU Y
caMIliB BikoM 9 mic— 7,57+0,53 umoun/n Tta 15
Mic — 6,73+0,93 HMOJIB/T, IO BIATIOBITAE BiKY
YOJIOBIKIB 3 HAWBUIMMHU 3HAYECHHAMH I[LOTO
nokazuuka [22]. [Ipu npomy y mypiB Bikom 3
MiC BMICT T€CTOCTEPOHY BipOTiJHO 3MECHIICHUH
—5,52+0,27 HMOB/J IOPIBHSAHO 3 9-MiCIYHUMU
TBApUHAMU, 10 BPAXOBYIOUH OiNBII BHUCOKHUH
BMICT MEJIaTOHIHY, BUSHAUCHUH Y IIYPiB BIKOM
3 Mic, MATBEPKY€E HaAsBHICTH TallbMYyHOUYOTO
BIJIMBY OCTaHHBOI'O Ha CHUCTEMY TimoTaja-
Mmyc-rinodiz-ronaau [4, 6]. OxHak BiporigHa
PI3HHUIIS M)XK BMICTOM T€CTOCTEPOHY B Tpymax,
10 BiJATIOBiAAIOTh PETPOAYKTUBHOMY IEPioxy, a
11e IypHu-camili Bikom 3, 9 ta 15 mic, Oymia TiTbKH
BOCCHH; B3MMKY, HABECHI Ta JIITOM — BipOTiJHI
BiJIMIHHOCTI Mi’)X BMICTOM T€CTOCTEPOHY B CH-
poBatIi KpoBi BiACYTHI.
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Puc. 1. Bumict menaroHiny (a) Ta TectocTepoHy (0) B CHPOBATIi KPOBI IIypiB-CaMIIiB Pi3HOTO BiKY B Pi3HI CE30HU POKY.
* P<0,05 BimHOCHO 1IypiB BikoM 3 Mmic; ** P<0,05 BigHOCHO mIypiB BikoMm 9 mic; *** P<0,05 BigHOCHO mIypiB BikoMm 15 mic;
P<0,05 BinHOCHO 3Ha4YeHb BoceHH; ¥P<0,05 BiHOCHO 3HAYCHb HABECHI
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B.B. I'nartokx, H.M. Kononenko

Jns BU3HAYCHHSI B3a€MO3B’SI3Ky BMIiCTY
MEJIaTOHIHY Ta TeCTOCTEpOHY HamH OyJo po3-
paxoBaHi KoediieHTH Kopensiii. BcranosneHo,
o y mypiB BikoM 3, 9 ta 15 Mic B pi3Hi ce30HH
poKy OyB 3BOPOTHUN KOPETAIiHHIHN 3B’ 130K MIXK
BMICTOM TOPMOHIB (pHc. 2), 110 03HAYAE — 3HH-
JKEHHSI BMICTY MEJIaTOHIHY MOXKE€ IIPU3BOJIUTH JI0
MiJBUILEHHS BMICTy TECTOCTEPOHY Ta HaBMaKH,
1 me pa3, NiATBEPAKYE rajbMyBaJbHUN BIIJIUB
MEJIaTOHIHY Ha CUHTE3 FOHAaJ0TPOIHUX [OPMO-
HiB rimodiza [4, 6], a BiAMOBIAHO W HA 3MIHH
cekpelii TopMOHiB nepuepruIHOT eHJOKPHUHHOT
JAHKH.

Cryninp KopeJssinii BiApi3HABCS y LIypiB
pi3HOTO BiKy Ta B pi3Hi ce30HU poKy. HaiiBumuit
— IyXe CUIBHUN — KOPEISIIIHHANA 3B’ 130K MiXK
BMICTOM MEJIaTOHIHY Ta TECTOCTEPOHY CIIOCTE-
piraBcs y mypiB BikoM 9 mic Bocenu -0,92 (puc.
2). o rpym 3i 3HaYHUM piBHEM Kopemsuii (Bix
-0,50 1o -0,70) yBifimuum nrypu BikoM 3 ta 15 mic
BoceHu — -0,62 Ta -0,69 Ta urypu BikoM 9 Ta 15
Mic y BecHsHUH mepiox —-0,56 1 -0,59 BigmoBin-
HO. B iHIIMX BIKOBHX rpyrax B3UMKY Ta JITOM

OCIHb

nmonbin HMonL/n

170

130

120

3 mic. 9 mic. 15 mic 20 mic

=#= MenaToHiH =i~ TeCTOCTepoH

BECHA

nmonb/n HMonb/n
210 10

190

KoedinieHT Kopensnii 0yB nomipHuii — Bix -0,33
1o -0,47. CnaOkuM Ta pisHOMaHITHUM BiH OyB y
mrypiB BikoM 20 mic Bix -0,06 HaBecHi g0 +0,17 —
BOCEHH, IO CBIIYUTH PO 3MiHH B CHCTEMI HEH-
POTOPMOHATBHOI PETYIISIIIT, KOTP1 BiIOYyBAIOTHCS
3 BikoM [21]. OTpuMaHi pe3yabTaTh, MOXKIHBO
MOSICHUTH, IHTETPYIOUYH 1B MEXaHI3MU: MO-Tep-
11e, TaJibMyBaJibHY A0 MEJIaTOHIHY Ha CUCTEMY
rimoTajzamyc-Tinodisz-ciMm’ SHUKH 3a JOTIOMOTOFO
HNPUTHIYCHHS! CUHTE3Y FOHAJOTPOIHUX IOPMO-
HIB; TIO-/pyTe, 3HWKEHHSI CUHTE3Y MEJIaTOHIHY
NpU3BOAUTE A0 miaBumieHHs cekpenii ®CI' ta
JIT, 1o CTUMYITIOE€ CUHTE3 TECTOCTEPOHY B KIIi-
tuHax Jleiiaira, sskuii B cBOIO uepry, pazom 3 JII,
MOJKE CIIPUYMHUTH I O1JIbIIIe 3HIKEHHS BMICTY
MeJaToHiHy OMoKyBaHHAM TpaHcuamii MPHK
N-aneruntpancgepasu — roJIOBHOTO GEepMEHTy
MEPETBOPCHHS CEPOTOHIHY B MeJaToHiH [23].

BUCHOBKHA

1. BcTaHOoBIEHO HasBHICTh B3aEMO3B’SI3KY
(yHKIIIOHATLHOT aKTUBHOCTI emigi3a Ta ToHaj

3UMA
nMons/n HMonb/n
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Puc. 2. IToka3HUKH KOpEJALil METaTOHIHY Ta TECTOCTEPOHY B CHPOBATIII KPOBI IIIypiB-CaMI[iB Pi3HOTO BIKY B Pi3HI CE30HH POKY
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Ha TJCTaBi BUBYCHHS BMICTYy MENATOHIHY Ta
TECTOCTEPOHY B CHPOBATII KPOBI Iy PiB-CaMLiB
PI3HOTO BiKY B Pi3Hi CE30HU POKY.

2. HammimpHiTIMi 3BOPOTHHH KOPEITSIITiHHAMA
3B’S130K Mi>K BMICTOM MEJTAaTOHIHY Ta TECTOCTEPO-
HY CIIOCTEpiraBcsi BOCEHHU Yy HIypiB BikoM 9 wmic.

B.B. I'natwok, H.H. KoHoHeHko

N3YYEHUE B3ANMOCBA3ZU AKTUBHOCTH
SIIUPU3A UTOHAZL Y KPBIC-CAMIIOB B
PA3SHBIE CE30HBI 'O A

Ornpenensis conepKaHue MeIaTOHNHA M TECTOCTEPOHA B CHIBO-
POTKe KPOBH IPOBEJIN HCCIIEIOBaHNE (DYHKIIMOHATILHOM aKTHB-
HOCTH 1M (r3a U TOHAJT B pa3HbIe CE30HBI ro/[a Y KPBIC-CaMIIOB
pasHoro Bo3pacra — 3, 9, 15 ta 20 Mec, 4TO COOTBETCTBYET
Bo3pacty uenoseka 14, 29-30, 43-44, 55-56 ner. YcraHoBUIM
MPUCYTCTBUE LUPKAHHYaJBHOTO PUTMa CEKPELMH KaK Mela-
TOHHHA, TaK U y TecTocTepoHa. Haubonbliee conepkanue
MeJIaTOHHHA HAaOII0aeTCsl y KPhIC-CAMIIOB B JITHUH U 3UMHUI
[epHOJl, HAaUMEHbIIIee — OCEHBI0. B oTiM4Me oT MenaToHnHa
HaMBBICIIIEE COAEPIKAHHE TECTOCTEPOHA BO BCEX BO3PACTHBIX
rpynnax ObUI0 OCEHbIO, HAUMEHBIIee — 3UMOM. YCTaHOBIIEHA
oOparHasi KOpPEeJSLHOHHAs CBSI3b MEXKIY COJEp)KaHUEM Me-
JIATOHUHA U TECTOCTEPOHA B BO3PACTHBIX rpynnax 3, 9 u 15
Mec Bo Bce ce30HbI. Hanbombimit ko duimenT koppessiun
(r=-0,92) 6bLT OMpeecH y KPBIC BO3PAcTOM 9 MeC OCEHBIO,
KOT/Ia COZlep)KaHHe MEJTaTOHWHA B CHIBOPOTKE KPOBH OBLIO
HaWMEHBIINM, a TECTOCTEPOHA — HAMOOJIBIINM OTHOCHTEIEHO
BCEX BO3PACTHBIX I'PYIII U Ce30HOB. [loyueHHbIe pe3y/ibTaThl
MO3BOJISIIOT YTBEPKIATh, YTO CYIIECTBYET CBSI3b MEXKTY QYHK-
LMOHAIBHOI aKTUBHOCTBHIO SIH(H3a U TOHAT Y KPBIC-CaMIIOB
pa3HOro BO3pacTa B pa3HbIe CE30HBI rO/a.

KitoueBsle crioBa: anu¢u3; TOHa/Ibl; MEITATOHHMH; TECTOCTEPOH;
CE30HBI I'0/1a; T10J1; BO3PACT.

V. Hnatiuk, N. Kononenko

THE STUDY OF THE RELATIONSHIP
BETWEEN THE ACTIVITY OF EPIPHYSIS
AND GONADS IN MALE RATS IN DIFFERENT
SEASONS

In male rats of different ages, we studied the functional activity
of the pineal gland and the gonads during different seasons
by determining the levels of melatonin and testosterone in the
blood serum. It was found that the highest levels of melatonin
observed in male rats in summer and winter, and the lowest — in
autumn. The lowest level of melatonin has been established
in the group of rats aged 9 months — 127.28+5.11 pmol/I that
was 22% lower than the level of melatonin in 3 months old
rats (P<0,05), and 20% below the level of melatonin in rats of
15 months old (P<0,05). The highest level determined in rats
aged 3 months (corresponds to the age of man —14 years old),
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the lowest — in rats 20 months (corresponds to the age 55-56
years old). At the same time, the low level of melatonin was
defined in rats aged 9 months in the autumn (corresponds
to the age of man 29-30 years). In the study of testosterone
levels in different seasons it was found that the highest level
in all age groups presents in autumn, the lowest — in winter.
When comparing the levels of testosterone in different age
groups, it was determined that the fall of the highest level
of testosterone present in the blood of males age 9 months
and 15 months, which corresponds to the age of 29-30 and
43-44 of human years. Significant difference between the
levels of testosterone in the groups that correspond to the
reproductive age — rats of age 3, 9 and 15 months, are pres-
ent only in the autumn; spring and summer — significant
differences between the levels of testosterone absent. The
degree of correlation differed in rats of different ages in
different seasons: the highest correlation between the levels
of melatonin and testosterone was determined in rats aged 9
months in autumn. The correlation coefficients in rats aged
20 months old have been weak - from 0.05 in the spring to
0.17 in autumn that shows the changes in neurohormonal
regulation which occur with age.

Key words: epiphysis; gonads; melatonin; testosterone; sea-
sons; sex; age.

National University of Pharmacy, Kharkiv, Ukraine
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Ouinka (PyHKIIOHAJBHOIO CTAHY MEYIHKH
Ta e(peKTUBHOCTI Tepaiii 32 eHTePOonaToJIorii TeJsT

B.A. I'pumenko!, T.M. Yepaumenko?, O.B. FopaunbkaZ, T.M. I[l1aTonosa?

!Hayionanvnuii ynieepcumem biopecypcis i npupoookopucmyeanns Ypainu, Kuis;
2Inemumym 6ioximii in. O.B. Ilannadina HAH Ypainu, Kuie; e-mail: viktoriya_004@ukr.net

IIposedero komnieKCHULl aHai3 cenamocneyu@iurHux OIOXIMIYHUX NOKAZHUKIE KPOGI Ma CUCTNEMU 2eMOCTA3Y
6 meJisim, SIKi nepexsopiiu Ha eHmeponamono2iio y 2—7-00608omy 6iyi. Bukopucmanms komniexcy mecmis
01 OYIHKU (PYHKYIOHANLHO20 CINAHY NEYIHKU MA eeKmUGHOCi MepanesmuyHux cxem nokazano, wo y
meapun yiei epynu nopigusano 3 Konmponem na 30-my 000y dxcumms icmomuo nioguujeHa KOHYeHmpayis
KOH '102068aH020 OiNipyOiny (6 1,6 pasa), akmusuicms achapmam- i ananinaminompaucgepas (6 1,2 pasa),
y-enymaminmpancnenmuoasu (6 1,5 paza) i nysicnoi pocghamasu (8 1,4 pasa), a maxoxc emicm po3uunHHux
Qibpun-morHomeprux Komniexcie (6 4 pazu). Taxke 8i0XUNEHHS 3A3HAUEHUX NAPAMEMPIB 8I0 HOPMU CBIOUUNMD
PO HEOOXIOHICHL KOHMPONIO 34 (PYHKYIOHALbHUM CIAHOM ReYIHKU HABIMb Yepe3 3 Muic nic/ist KIHIYHO20
BUOYVIICYBAHHA MEapuH. [[na 3anobicanus po3eumxy 6MOPUHHOI 2enamonamonozii pekomeH0o8aHo npo-
008IHCEHHI MEOUKAMEHMO3ZHO20 KOPU2YBaHHs. Busnaueno, wjo 3a mokCu4Hoi Oucnencii HoBOHAapoO#CeHUux
mensam 05l 6IOHOGNEHHA PYHKYIOHATLHOLO CIMAHY NEYIHKU Y MepanesmuyHi cxemu 0OYiIbHO GKIIOUAMU
gocghoninioosmicny 6iodobasky « FLP-MDy sx 3aci6 penapamugnoi mepanii, Kompy 6apmo 3acmocogy-
samu U y nepiod peabirimayii, 0o 30-00006020 6iKy 6KIHOUHO, WO 3abe3neuye 0Ccmamoyne 8i0HO6IEHHs.
00CI0AHCYBAHUX NOKAZHUKIB.

Kntouosi cnosa: eenamocneyuiuni OI0XIMIUHI NOKA3HUKU KPOBI, CUCEMA 2eMOCMA3Y,; HOBOHAPOONCEHT

mensima, nedinka, moxkcuyHa oucnencis, peadinimayis, mepaneemuyni cxemu; A/ « FLP-MDy.

BCTYII

B oprani3zmi HOBOHapOIKEHUX TBAPUH 3 MOMEHTY
iHIIa1ii BJTACHUX MPOIIECIB ra3000MiHY CIIPaIbo-
BYIOTb 1 TOCTYITOBO B/IOCKOHAIOIOTHCA MEXaHi3-
MU TEPMOPETyJsLii, JeTOKCUKaLil, TpaBJICHHS,
peryisuii KHCIOTHO-JIY>KHOTO i €JIeKTPOJIiTHOTO
0amaHCy Ta iHIII, MO 3a0€3MeTyYEThCS TEHETHY-
HO BH3HAYCHOIO METa0OJIYHOIO MepedymI0BOIO B
TKaHWHAX. TOMY MEpIIHi Micsb KHTTS TEJST
XapaKTepHU3y€eThCsl 3HAYHUM HAMPYKEHHSIM Me-
Ta00Ji3MYy 1JIETKICTIO BUHUKHEHHS «TPaH3UTOP-
HUAX» a00 CyOKJIiHIYHUX MTOPYIIEHh TOMEOCTA3y
[1, 2]. B meit mepion y TeaAT 4acTO BUHHUKAE
NUTYHKOBO-KHUIIIKOBA ITATOJIOTisl pi3HOT eTionorii
(mpocra 1 TOKCHYHA AMCIENCis, KomibakTepios3
TOILO), IO 3HAYHO MOPYLIYE CTAHOBICHHS
MpoIeciB 00OMiHY Ta 3yMOBIIIO€E MOSIBY PO3JaiB
CTPYKTYpPHO-(DYHKITIOHATBHOTO CTaHy OpPTaHiB
CHCTEMU TPABICHHS, y TOMY YUCJI HaO1IbIIO1

B OpTaHi3Mi TPaBHOI 32703 — TEUiHKH [3, 4].
Bizomo, 1m0 mpu rocTpux i XpOHIYHHX pO3Ja-
Jax TPaBJICHHS Y HOBOHAPOIKEHUX B IMapEH-
XiMi TICYIHKH BiJIMiYalOTh JUCTPOQIYHI 3MiHH
TeNaToIUTIB, a Y BAXKKUX BUNAJKaX — ApiOHO-,
CepeaHbO- 1 BEJIMKOKpAIelbHEe JKUPOBE Iepe-
pomxenHs [5]. [lopymieHHs QyHKIiIOHATBLHOTO
CTaHy NEYiHKHM BUSABISIOTHCS BIPOJOBXK TPHU-
BaJIOTO Yacy Miclisi KJITHIYHOTO BUIYKYBaHHS
TBapuH [3, 5, 6]. BogHOUac MBUAKICTS 1 AKICTh
BiIHOBJIEHHS MOPYMIEeHNX (QYHKIIA MEeIiHKU Ta
3HEBOAHCHHS OpraHi3My IiJ 4ac XBOpoOH 3AaTHi
CYTT€BO BIUIMBATH HA CUCTEMY FeMOCTAa3y, AKa €
BKpaii BXKJIMBOIO JUJISl I ATPUMAHHS TOME0CTa3y
TBapUH, 110 IEPEXBOPIJIM HA EHTEPONATOJIOTIIO.

CTabinpHICTh CTaHYy CHUCTEMH T'e€MOCTa3y
3a0e3meuyeThbCsl JMHAMIYHOIO PiBHOBArolo
MiX IPOKOAryJsiHTHOI, aHTHUKOATryJISIHTHOO
Ta QiOpuHOMITHUYHO JaHkamu [7, 8]. HaOyTi
MOPYILIEHHSI CUCTEMH TEMOCTa3y MPOSBISIOTHCS
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KOMITJICKCOM JTUHAMIYHUX O10JIOTTYHUX DPEeaKIIii,
SK1 TIOYMHAIOTHCS 3 MOMEHTY HaJAXOJKEHHS B KPO-
BOOOIT 200 TeHepallii B HbOMY MPOKOATYISTHTHUX
aktuBatopiB [8—10]. IlpumyckaroTs, 1m0 y HOBO-
HapOKEHUX TEJIST, SIKi IEPEXBOPIITH HAa TOKCHIHY
dbopmy mucrercii, Bi0yBalOThCsI KOMIICHCATOPHI
3MIHU PEryasiTOPHOI aKTMBHOCTI CUCTEMHU I'€MO-
CTa3zy y BiANOBiAb Ha CYTTEBI PO3JIaaAW BOJHO-
€JIEKTPOIIITHOTO OOMiHY, KHCIOTHO-TY’KHOTO CTaHy
Ta PEOJIOTIYHUX BJIACTHBOCTEH KpPOBi, 3yMOBIICHI
MOPYIIEHHSIM (YHKI[IOHAJIFHOTO CTaHy IIUTyHKOBO-
KHIIKOBOTO TPAKTY, @ TAKOXK TIEUiHKH.

Merta Hamoi poOOTH — KOMIJIEKCHUM aHaTi3
rernarocnenudpiuHuX 0i0XiMIYHUX MOKA3HUKIB
KpPOBI Ta CUCTEMHU I'eMOCTa3y B TEJIAT, 5Kl mepe-
XBOPITM HAa TOKCUYHY NHCIIETICIIO, JJIT OIIHKU
(GYHKI[IOHATBHOTO CTAHY TIEUiHKH Ta KOHTPOIIO
e(heKTUBHOCTI TepaneBTUYHUX CXEM.

METOJUKA

Hocninu npoBeneHo Ha 2-1000BUX TeJSATAX,
AKuX Oyno moaineno Ha 3 rpynu no 10 romis
y koxHil. [Jo I rpynu (KOHTpoOJibHA) BBIMIUIH
KJIiHIYHO 310poBi TBapuHU; 1o 11 i III — xBopi
Ha TOKCHUYHY JWCIIEIICiI0, SKUX JIIKyBaJlH 3a
TPAAUIIIHOIO TEPAIEBTUYHOIO CXEMOI0, a Y pasi
OCTaHHBLOI — JI0JIATKOBO 3aCTOCOBYBAIHU JIITO-
comanbHy Qopmy | %-ro po3unny BAJl «FLP-
MD». biono6aBKy BUIIOIOBAJIM XBOPUM TEJIATAM
3 MOJIOKOM pa3 Ha 100y, BpaHLi, 3 PO3PaXyHKY
1 Mi po3umHy Ha 1 KT Macu 3a OOUH MPHHOM,
SKY TIPOJOBKYBAJIH 3aCTOCOBYBAaTH 1 B IEPiof
peadimiTanii 70 30-1 100U KUTTS BKIFOUHO.
Tpagunifina cxema JiKyBaHHS TBapuH
BKJIIOYasa MaTOreHEeTUYHY Teparilo: HaIiBro-
JofHa aieta Ha 6—12 rox 1 BUIIOIOBAaHHS TEIJIOTO
1 %-ro po3unHy HaATPiIO0 XJIOPUIY; Y pasi pi3ko
BHPAXXCHUX SIBUII TOKCHKO3Y — MIAIIKIpHE BBE-
JEHHS PO34YMHIB eNeKTpomiTiB y 1031 400-500
MJI, BATIOIOBAHHS BiABapiB JIKapChKUX POCIHUH,
BBEJICHHS aHTUOAKTepiaJbHUX TNpemnapaTiB
TPOMEKCHHY 1 TinoMminuHy B Ta HyTpmiry Se
(BiTaMiHHO-aMiHOKHCIIOTHOI J00aBKa 3 cene-
HOM) 3TiJHO 3 YHHHHMH 1HCTPYKLISIMU IIOAO
ix Bukopucranns. Jlimocomansaa popma 1 %-ro
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po3uuny bAJ[ «FLP-MD» Bxitodae pi3Hi Kiacu
dbocdomimaiB, BUIUICHUX 3 MOJIOKA, HEHACHUEH]
JKUPHI KHCTIOTH (0JIETHOBA, JTIHOJICBA, JTIHOJICHOBA)
Ta aHTHOKCUJIAHTH (0-TOKO(EpOJI Ta peTHHOITY arie-
tar) [11]. OcHoBHUME (ocdominigamu MmeMOpaH
KHUPOBHUX TIOOYN MoJoKa € ¢pochaTuIUIX0iH,
dbocharununeranonamin i chiHTOMIi€NiH, AKi
MicTATh Oibiue Hixk 80 % 3araiabHOrO JiMigHOTO
tdbocdopy, a Takox pocharunmicepus, pocda-
THAWIIHO3UTOJ 1 J1i30(ocominiau, o BUsIBIs-
10Tbes y pochomimiaaux Gpakuisax y He3HauHil
kinbkocTi. ocdoninignuii ckian 6i10100aBKH €
MOAIOHUM 10 TUTa3MaTHYHUX MEMOpaH MEediHKH
CCaBIIiB.

3pa3ku KpOBi JJI BU3HAYCHHS 010XIMIUHUX
MOKa3HUKIB BiAOMpaIN y TENST Binpasy Micis
3HUKHEHHS KJIIHIYHUX CUMIITOMIB 3aXBOPIOBaH-
Hs (Ha 7—8-My 100y KUTTS) 1 uepe3 3 THXK micis
KIiHIYHOTO OonyXaHHS (Ha 28-30-Ty XHUTTA),
110 JaJ10 MOKJIMBICTbh NPOCTEXUTHU IIBUAKICTh
iX HOpMami3zamii Ta 0COOTUBOCTI 3MiH 3alexk-
HO BiJ cXeM JIiKyBaHHS Ta (PYHKIIOHAJIBLHOIO
crtany nevinku. [lig yac mpoBeneHHs eKcie-
PUMEHTAIbHUX IOCHIIKEHb HOTPUMYBAIUCH
BUMOT «ECBpOMEHCHKOT KOHBEHIIT MPO 3aXHCT
XpeOeTHUX TBApHWH, AKi BUKOPHUCTOBYIOTHCS
JUIsE €KCIIEPUMEHTAIbHUX 1 HAYKOBHUX IIiJICH»
(CrpacOypr, 1986), 3akony Ykpainu «llpo
3aXHMCT TBapHH BiJl )KOPCTOKOTO TOBOKCHHSI»
Ne 3447 Bin 21.02.2006 p.

Jlnst omeprkaHHs TUTa3MH KPOBI CITiBBiTHOIITEH-
Hs1 00’ €MiB KpOBi Ta cTabinizaTopa cTaHOBUTH 9: 1.
Sk crabinizarop BUKOpucTOBYBasH 3,8 %-if po3unn
HaTpito nuTpary. KpoB nentpudyrysanu mpoTs-
rom 10 xB ipu 1200-1400 g. dynKuioHanbHUN
CTaH MEYiHKH y TOCHIAHUX TBAPUH KOHTPOIIO-
BaJTM BU3HAYEHHM Y TIJ1a3Mi KPOBi HU3KH 010Xi-
MIYHUX [TOKa3HUKIB [ 12]: 3aranpHOTO IPOTETHY,
a’ab0yMiHY, TJIFOKO3H, 3arajJbHOI0 1 KOH FOTOBa-
HOro O0inipy0OiHy, aKTUBHOCTI renaTtochelu-
(¢iuHUX eH3MMiB: acmapraramiHoTpaHchepasn
(AcAT, EC 2.6.1.1), amaninaminotpancdepasu
(AnAT, EC 2.6.1.2), y-rnyTaMiaTpaHCICITH-
nasu (y-I'TII, EC 2.3.2.2), nyxHoi docdarasu
(JI®, EC 3.1.3.1) Ha GioxiMiuHOMY aHamizaTopi
(«Microlab-200», Himeuuuna). [linroToBKY
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npo0 i BU3HAUCHHSI TapaMeTpiB MPOBOAMIIH 3Ti-
HO 3 IHCTPYKIIIEIO JIO MIPUJIAY Ta 3 BUKOPUCTAH-
HsIM peakTuBiB Qpipmu «Human» (Himeuunna).

s 3aranpHOI XapaKTEpUCTUKU OCHOBHUX
KOMIIOHEHTIB KOAryJsiHHOTO reMOocTasy BHU-
KOHYBaJIU CKPHHIHTOBI TE€CTH — aKTUBOBAHUM
YaCTKOBUH TPOMOOTIIIACTHHOBHM Yac i MPOTPOM-
6inoBuii wac (ITH) [13]. Bmict ¢ibpuHoreny Bu-
3Ha4YaJd, BUKOPUCTOBYIOUM TPOMOIHOMOAIOHMIH
¢depmeHT aHUMCTpOH-H, BuaineHuit 3 oTpyTH
IUTOMOPJIHUKA 3BUYaliHOTO (Agkistrodon ha-
lys halys) [14]. BusBiasiu BMICT PO3YUHHUX
¢i10puH-MOHOMEpHUX KommiekciB [15]. Hdus
BU3HAUYCHHSI BMICTY 3arajbHOTO MPOTPOMOIHY
Ta HasBHOCTI HOro (yHKIIOHATHLHO HEAKTHB-
HOi (hopmu (JIeKapOOKCHILOBAHOT) AKTUBAIIIO
OpOTPOMOIHY TPOBOAMIN TPOMOOIIIACTHHOM
Ta CH3UMOM CKaMYJIiHOM, OTPUMaHHUM 3 OTPYTH
eu OaratomyckoBoi (Echis multisquamatus)
[16]. Examymin Ha BigMiHY BiJl TPOMOOILUIACTHHY
31aTeH aKTUBYBaTH 1 QyHKIIOHATHHO HEAKTUBHI
dbopmu poTpoMOiHy. 3a PI3HUICIO TOKA3HUKIB
examyninoBuit yac (EY) i [1Y ouinroBanu BmicT
(YHKIIOHATBHO HEAKTUBHOTO MPOTPOMOiHY. AK-
TUBHICTB npoTeiny C BU3HAYAIH 3 BUKOPUCTaH-
HSIM akTHBaTopa nporeiny C, OTpUMaHOTO 3 OT-
PYTH LIUTOMOPJHUKA 3BUUaHOTO (Agkistrodon
halys halys) [17]. AxtuBHicTh anTUTpOMOInY 11
JMOCHiJKyBalu 3a iHcTpykuieo ¢ipmu «PE-
HAM» (Pocis).

Pesynbpratn ekcnepuMeHTalbHHUX JOCIHi-
JOKeHb 00pOO0IsAny 3a 3araJbHONMPUHHIATUMHU
METOJIaMH BapiariiHoi craTucTuky [18].

PE3YJBTATHU TA IX OBGTOBOPEHHSI

Oyinka cenamocneyu@ivHux OioximiuHux
noxasnuxie kposi. [IpoBenennii anai3 6ioximig-
HUX TIOKa3HUKIB BUSBUB BiJICYTHICTB BipOTiTHUX
3MiH BMICTY 3arajJibHOTO IPOTEiHY IMJ1a3MHU KPOBi
y TBapuH Il rpynu Bimpasy micis KJIiHIYHOTO
onyxanns (tabm. 1). YV tBapun IIl rpynu 3na-
YEHHS [[bOT'0 TTOKAa3HUKA BipOTiTHO 3pOCTaIH HA
20 % (auB. Tabmn. 1). BcraHoBeHa y TEINAT rirnep-
MpoTeiHeMis, HMOBIPHO, € HACTIAKOM HE TiTbKHU
akTuBalii 010CHHTE3y MPOTEiHIB y TKAaHWHAX,
a ¥ BUBHAUYCHOTO0 HAMH PaHIIIe iIMyHOMOYJIIO-
BaJIbHOTO BILTUBY (hocominigiB Monoka y Gpopmi
BAJl «<FLP-MD» [19, 20]. BogHouac y mira3mi
KPOBI TEJAT AOCHITHUX TPYII BiACYTHI BipOTiIHI
3MIHU BMICTy anbOyminy (auB. Tabn. 1, Tadi.
2), U0 CBIAYUTH MPO HEAOCTATHIO iHpOpMa-
THBHICTH [[bOTO TOKA3HUKA TIPY J[1arHOCTYBaHHI
MopyuIeHb PyHKIIOHAIBHOTO CTAaHY ITEYiHKH 32
TOKCHYHOI JUCIIEHCI].

Binpa3sy micis 3HUKHEHHS KIIHIYHHUX CHM-
MITOMiB 3aXBOPIOBaHHS y TenAT Il rpymnu BusiBie-
HO BHCOKY MOPIBHSHO 3 KOHTPOJIEM aKTUBHICTh
renarocnenudiuaux enumis: AnAT — B 1,7,
AcAT -8 14, y-I'TII -y 2,8, JI® — B 1,9 pa3za,
[0 MOXKE CBIAYHUTH PO MOPYIICHHS (yHKIIiO-
HYBaHHS IeMaToOMTIB Ta HASIBHICTH 3aMaJIbHOTO
MPOIECY B CHIOTEINIT KOBUHMX MPOTOKIB 1 ma-
peHXiMi MeuiHKH. 3a3Ha4ueH] MOPYIICHHSI € MEHII
BUpakeHnMu y TBapuH 11 rpynu, mist nikyBanus
SIKMX JI0JaTKOBO 3aCTOCOBYBaJin 0i000aBKYy:
akTuBHICTH ANAT 1 JI® migBumeHo oqHakoBo B

Taomuus 1. BioxiMiuHi NOKa3HUKH IUIA3MH KPOBi Y TOCTITHUX TeJaAT HA 7-8-my 100y xkutTa (M+m, n=10)

Tpanuuiiina Tpanuuiiina Teparmis i
IToxasHuk KonTpoas . .

Tepanist BBeICHHS 0i0100aBKH
3araapHUI POTETH, T/ 77,08+1,03 82,79+1,93 92,80+2,02*
Anp0OyMmiH, T/1 42.2+1,9 41,0+1,1 41,727
Binipy06in 3aranpHUA, MKMOJbB/J 4,13+0,97 8,39+0,91" 3,95+0,30
BinipyOiH KOH FOrOBaHUI, MKMOJIB/JI 1,24+0,27 4,15+0,74" 2,31+0,15
Ananinaminorpancepasa, MO/ 16,7+1,2 27,842.4" 20,8+1,1°
Acmnapraraminorpancdepasa, MO/ 29,0+2,2 41,0+2,4" 28,5+2,0
y-I'myramintpancnenTtugasa, MO/n 40,6+4,2 114,0+£12,17 46,3+3,8
Jlyxna docdaraza, MO/x 361,7+13,5 677,5+21,6" 482,0+11,1"
[MI0K03a, MMOJIB/T 3,5+1,1 7,4+0,7" 2,3+0,2

IMpumitka: TyT i B Ta61. 3, 4 * P < 0,05 NOpiBHAHO 3 KOHTPOJIBHOK IPYNO TBAPUH.
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1,3 pa3a. BiacyTHICTh ICTOTHUX KOJIMBaHb AKTUB-
Hocti AcAT, I'T'TII ta He3HAYHI 3MIHA AKTUBHOCTI
AnAT i JI® y Tensat miei rpynu, O4eBUIHO, €
pe3yapTaToM MeMOpaHOCTa011i3yBallbHOTO, pe-
MMapaTUBHOTO Ta remaTompPOTEKTOPHOTO ePEKTIB
Iii ek3oreHHuX Gocdoiiniaip 610100aBKHU.
lNnepOinipyOinemist i BipoTiAHO BUCOKHIH
(B 3,4 pa3a) mopiBHSHO 3 KOHTPOJIEM BMICT
KOH FOTOBaHOTO OiTipyOiHy B I1a3Mi KPOBI TEJISAT
Il rpynu Ha 7—8-My 10Oy KUTTS MiATBEPIKYE
(haxT mopymnIeHHs KOBUOBHAUTHHOT (QyHKIIIT mTe-
YiHKH B IEPi0J] 3SHUKHEHHS KIIHIYHUX CUMIITO-
MiB po3iaiB TpaBieHHs (1uB. Tadi. 1). Konmen-
Tpauist 3arajJpbHOro OUTipyOiHy B TIa3Mmi KpoBi
TENST i€l Tpynu BigHOBIIOETHCA Ha 28—30-Ty
o0y kuTTs (muB. Tabmd. 2). BogHowac BigMideHO
BigcyTHicTh y TenatT Il rpynm posmaxis mir-
MEHTHOT Ta B3a€EMOIIOB’ 13aHOT )KOBYOYTBOPHOT 1
JKOBUYOBUAINBHOI (QyHKIIIH medinku. [TigBumieH-
Hsl BMicTy Dtoko3u (y 2,1 pasa) y mia3mi KpoBi
texsT Il rpynmu Ha 7-8-My n00y KUTTS (IUB.
TabJ1. 1) MOXKe CBITUUTH PO afanTaIiiiHo-KoOM-
MIEHCATOPHI 3MIHU HEHPOCHTOKPUHHOT peTyIsiIii
npotueciB 1i CHHTe3y Ta yTuii3alii B opraniami
JOCIIIIHMX TBAPUH 1, MOXKJIMBO, [TOCHJICHHS 1H-
TEHCUBHOCTI TJIIKOTE€HOII3y i TIIOKOHEOTeHEe3y
B renatonuTax. Ha 28-30-ty noby BigMideHO
MO3UTUBHY JAWHAMIKY KOHIEHTpAIii TITIOKO3H y
mazMi kposi tenst Il rpynu, mo BimoOpaxkae
MOCTYNOBUU mpouec ix oayxaHHs. IIporte y
nociigaux tBapuH I rpynu He Oyno BUSBICHO

ICTOTHUX 3MiH KOHIIEHTpaLii IIIOKO3HU SIK Ha
7-8-My, Tak i Ha 28-30-Ty m0Oy XUTTA (AUB.
tabn. 1, 2), mjo xapakTepusye BiJCYTHICTh
MMUOOKHUX MOPYIIeHh OOMIHY BYTJIEBOAIB B Op-
raHi3mi TEeJISAT IPH J10JAaTKOBOMY BKJIIOUEHHI Y
TepaneBTHYHY cxemy BA /] «FLP-MD»y.

Ha 30-ty 100y xutts y tensar Il rpynu
BIPOTiIHO 3HUW3MJIACh AKTUBHICTh YaCTUHH
TOCITIKyBaHUX CH3WMIB MOPIBHIHO 3 iX 3Ha-
YeHHAMH Ha 7—8-My 100y XHTTS, 32 BUHITKOM
AcAT. OcTaHHE CBIIYUTH PO HEJAOCTATHE BiJl-
HOBJICHHS! (PYHKIIOHAJIBHOTO CTaHY MEYiHKH Y
TEJIAT, IKUX JIIKyBaJH 32 TPAJAULIHHOIO CXEMOIO
(nmuB. Tabm. 2). [lomoBxeHui mepioxn miaBUIIEHOT
aKTUBHOCTI acIiapariHoBoi aMmiHOTpaHCcdepasn €
HECTIPUATIUBOIO 03HAKOIO, 1[0 MOKE BKa3yBaTH
Ha MepexiJ ToCTPOro Mpouecy B XpOHIYHUH.

VY rtenst 111 rpynu GioxiMiuHi MOKa3HUKH
MJIa3MU KPOBIi BiIITOB11at0Th KOHTPOJIBLHUM 3Ha-
qeHHAM (auB. Tabd. 2). TakuM YHHOM, 3TiTHO 3
OTPUMAHHMH pe3ylbTaTaMHi, MOXHA 3pOOUTH
BUCHOBOK, 1110 32 TOKCHYHOT JUCIIEIICIT TENAT ISt
BiIHOBNIEHHS (YHKLIOHAJIBHOTO CTaHy MEYiHKH
e(eKTUBHILIUM € BUKOPUCTAHHS 0a30Boi Tepamii
y kominekci 3 BAJ[ «kFLP-MD».

AHnaniz nokazHukie cucmemu 3ciOanus Kpo-
6i. AKTHBHICTh 0ararb0X KOMITOHEHTIB T€MO-
cTa3y 3aJICKHUTHh BiJl (PyHKIIOHAIBHOTO CTaHy
Mev4iHKU. ['enaTouuTu € OCHOBHUM MicCIleM
CUHTE3y NPOTEiHIB CHCTEMH 3CiJaHHS KPOBI
Ta MJIa3MiHOT€HY — OCHOBHOI'O IpOQepMeHTy

Tabauus 2. bioximiuni mokazHuKH miIa3Mu KpoBi y gocaiauux tesasit Ha 28—30-1y 100y xutrts (M £ m, n = 10)

Tpaauuiiina Tpanuuiiina Teparnis i
ITokazHuk KonTpons . .

Tepanis BBCJICHHS 010100aBKHU
3araneHUIA TPOTEiH, T/ 66,80+3,02 56,202,117 65,01+2,09
AnpOyMmiH, T/1 34,0+2,8 31,0+£2,5 38,5+2,2
Binipy0in 3arampHU, MKMOJB/T 2,76+0,11 3,13+0,06" 2,88+0,27
Binipy0iH KoH tOrOBaHUN, MKMOJIB/JT 0,61+0,08 1,14+0,16™"" 0,81+0,05*"
Ananinaminorpancdepasa, MO/n 16,6£2,6 17,2+0,5 16,1+0,8""
Acmnaprataminotpancdepasza, MO/n 40,6+2,4™ 50,4+1,7°"" 41,5+2,8"*
y-Tnyraminrpancnentumaasa, MO/n 29,5+3.5 46,8+2,8™"" 27,2+3,1"
JyxHa docdaraza, MO/n 322,0+2.4 451,349,6°"" 325,8+14,7%
I'mroko3a, MMOJIB/JI 5,30+0,16 4,84+0,12" 5,19+0,26

* P < 0,05 BizHOCHO KOHTpoOIto Ha 28—30-Ty 100y KUTTS TEIAT; " P < 0,05, BITHOCHO BiAIIOBITHUX 3HAYCHD

MOKa3HUKIB y po3pi3i rpyn Ha 7—8-My D00y KHATTS TEIAT.
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cuctemu QiOpunoinizy. [Ipu 3axBoproBaHHIX
MEYiHKW 3HMKYETHCS IHTEHCUBHICTh HE TUIBKH
cuHTe3y BiTamin K-3anexHuUX mpoTeiHiB, aie
i MOpyIIy€eThCS MOCTTPAHCHAIIHE KapOOKCH-
JFOBAaHHS 3QJIMIIKIB TITyTaMiHOBOI KHUCIOTH [ 1a-
nomeny (akropis 3ciganus kposi 11, VII, X, X,
nporeiniB C, S i Z. Taki pexapOOKCUIbOBaHI
¢opmu BiTamin K-3ajmexXHUX MpOTEiHIB Ha3U-
BaroThcsa PIVKA-nipoTeinamu (yTBOPIOIOTHCS 32
BigcyTHOCTI Bitaminy K). Bouu He dpopmyrors
€H3WMHI KOMIUIEKCH Ha TOBEPXHI JIIiTHOTO
Oimapy MeMOpaH KJIITHH 3a HasBHOCTI 10HIB
KaJIbILIiI0 Ta BTPavyaroTh 3/1aTHICTb BUKOHYBATH
BiAMOBiAHI QyHKLII B CUCTEMI 3CiIaHHS KPOBI.
Boanouac HakonnueHHs QyHKLIIOHAJIBHO HEaK-
TUBHUX (Popm BiTamid K-3amexHUX MpOTEiHIB
3a PO3BUTKY MATOJIOTi] MEUYiHKU MPHU3BOAUTH
JI0 3HWKEHHS MPOKOAryJISHTHOTO MOTEHIialy
cucTeMu 3cifanHs kposi [8—11, 21].

BusiBneHe HaMH MOJOBKEHHS Yacy 3CiAaHHs
rra3mMu Kposi B Tecti [1Y 1 3HMWKEHHS TPOTpPOM-
6inoBoro inmekcy (I1I) moxe OyTh MOB’si3aHO 3
MOPYIICHHSM (YHKITIOHATBHOT 3aTHOCTI Teraro-
[UTIB CHHTE3YBaTH MPOTETHU Ta HAKOTTHYECHHSIM
y 11a3Mi KpoBi (yHKLIIOHaJIbHO HEAaKTHBHOI
(mexapOokcuiboBaHO1) (hOPpMHU TPOTPOMOIHY U
iHmUX BiTamid K-3anexHux hakTopiB 3ciTaHHI
KpoBi (tabin. 3). BukopucTanus nmoaBiifHOTO Te-
cry (EY 1 I1Y) cpusisio BCTAaHOBJICHHIO B T1a3Mi
kposi TBapuH 1 i Il rpyn Ha 7—8-My 100y KHUTTS

JeKapOOKCHIIbOBAaHOI (hOpMH TPOTPOMOIHY, sIKa
Oyna y HUX BiicyTHA Bke y 30-1000BOMY Billi, 110
CBIJTYUTH PO MOCTYITOBE BiHOBIEHHS (PYHKITiO-
HaJBLHOTO CTaHy renatonuTis. IIIBUIKICTH 3cimaH-
Hsl TUTa3MHU KPOBI1 B TECT1 aKTHBOBAHHI YaCTKOBHH
TPOMOOIUTACTUHOBHH Yac 1 MOKa3HUKHU (iziono-
riYHUX 1HTiIOITOPIB 3cimaHHS KpOBi (aKTHBHICTH
npoteiny C i antutpomOiny III) Bigmosimamu
KOHTPOJIbHUM 3HAUEHHSM, 110 JOBOIUTH PO J10-
CTaTHIO c(hOPMOBAHICTh MEXaHI3MIB IiATPUMAHHS
cTabiIbHOCTI CUCTEMH 3C1JIaHHS KPOBI.

Ha axruBariito cucteMu 3cilaHHs KpOBi Ta
HMOBIpHY 3arpo3y po3BUTKY TpoMOoQinii y Tessr
I i IIT rpynm Bka3ye mosBa B IJIa3Mi KpoBi Ha
7—-8-Mmy 100y XHATTSA po3dUHHUX (HiOpHUH-MOHO-
MepHUX KomIuiekciB. [Tomanpimii aHami3 crany
CUCTEMHU 3CiIaHHsI KPOBI IMOKa3aB, 110 HABITh HA
30-ty 100y KUTTS 30epiraeThcs iX BUCOKHUI BMICT,
IO CBIIYMTH MPO HEOOXIAHICTH JTA0OPaTOPHOTO
KOHTPOJIO Ha BCiX eTanax JiKyBaHHS TBapwWH
(muB. Tabm. 3, 4).

OTxke, B pe3ynbTari KOMIUIEKCHOTO aHai-
3y 0iOXiIMIYHUX MOKAa3HHUKIB IIa3MU KPOBI 1
CUCTEMHU TeMOCTa3y B TEIAT, sIKi XBOPUJIM Ha
JIMCIIETICIF0, BCTAHOBJICHO HAsSBHICTH (DyHKIIIO-
HAJBHOTO MOPYIICHHS MEYiHKW Ta OimiapHOI
CHUCTEMH, 110 MPOABISIETHCI po3jagaMu ii Me-
TabOoJIYHOT, MPOTETHCUHTE3yBAIbHOT, TIFTMEHT-
HOT Ta >KOBUOBUIINBHOT (QYHKIIN HaBITH yepes
3 THX miciis KIiHiYHOTO oxyxaHHs. [Ipu npomy

Tabanus 3. Iloka3sHUKH CTaHY CHCTEMH reMOCTa3y B ILUIa3Mi KPoOBi 1oc1igHux Tessat Ha 7-8-my 100y sutrs (M + m, n = 10)

Tpanuriitaa Tpanuuiitaa Teparis i
IToka3zHuk KonTpons . .

Teparist BBEJICHH: 0107100aBKH
®ibpunoren, r/a 5,12+0,22 5,94+0,34 6,10+0,41"
[IporpombiHOBHIL iHACKE, % 96,3+8,3 78,5+£3,5 79,2+4 8"
AXTHUBOBaHHH 9aCTKOBUH MPOTPOMOiHO-

BHH Hac, ¢ 62,3+5,4 62,0+2,0 68,1+£3,4
Po3unnHI GiOpUH-MOHOMEPHI KOMILIEK-

CH, MKT/MJI 0,01+0,001 0,015+0,0 0,025+0,003*
ITporein C, % 101,0+8,3 103,3+4,4 103,0+7,1
Antutpom6in 111, % 100,2+5,4 89,0+2,0" 98,5+3,1
TxkaHWHHUHN aKTHBATOP IUIA3MIHOTEHY,

MO/mn 0,31+0,01 0,44+0,02" 0,28+0,03
OyHKIIOHAIPHO HEAKTUBHI

(GopMu OPOTPOMOIHY, MKI/MJI 2,4+0,1" 3,0+0,41"
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Ta6auus 4. [loka3HUKHU CTAaHY CUCTEMH reMoCTa3y B ILUIa3Mi KPoBi JocaifHux TeaaT Ha 28-30-Ty 100y KUTTS

(M £m, n=10)
Hokasmik Komrpor Tpazmuif.IHa Te- TpaI[I/IIIiI;'IHE.l Teparmis i
parris BBeJleHHs 010100aBKH

®dibpuHOTEeH, /1 2,65+0,16 2,99+0,01" 2,70+0,27
[IporpombiHOBHIi iHACKC, Y% 100,3£5,2 100,6+9,8 96,0+6,6
AKTHBOBaHUM 4aCTKOBUM
MPOTPOMOIHOBHIA Yac, ¢ 45,5+1,4 42,0+7,5 45,6+2,8
Po3unnHi (hiOpUH-MOHOMEPHI KOMITIEKCH,
MKTI/MJI 0,008+0,0003 0,025+0,0 0,042+0,01"
[porein C, % 105,0+4,0 141,0+4,5" 145,7+8,1*
Antutrpom6in 111, % 100,1+5,1 95,3+1,8 94,0+2,0
TrkaHUHHUI aKTUBATOP TIA3MIHOTCHY,
MO/Mn 0,41+0,07 0,42+0,08 0,6240,09"

HailiHQopMaTHBHIIIUMHU O10XIMIYHHMHU 1HHU-
KaTopaMH 3TrajlaHuX [aTOJOTIYHHX MPOLECIB €
HH3Ka MOKAa3HUKIB IJIa3MU KPOBi: BMICT 3aralib-
HOTO Ta KOH IOTOBAHOTO O1Tipy0iHy, aKTHBHICTD
aminorpancdepas, y-I'TII i JID, a Takoxx HasIB-
HICTB JeKapOOKCHUIBOBaHOT (POPMH TPOTPOMOIHY
(cxema). BusHaueHHs B miia3mi KpoBi QyHKIIIO-
HaJIbHO HEAaKTUBHOI GOpPMHU MPOTpOMOiHy, SK
MapKepa HOpYyIIEeHHs (YHKIIOHAIbHOTO CTaHy
TeraTonuTIiB, € HEOOXiTHOI0 YMOBOIO CBOE€YAC-
HOTO TPHU3HAYECHHA JIKyBaJIBHUX 3aC00IB IS
YCYHEHHsI T'eaTonaToiorii.

AHaJi3 MOKa3HUKIB CUCTEMH I'eMOCTa3y HOBO-
HApPOKECHUX TEJIST, SIK1 IEPEXBOPIIH HA TOKCHUHY
dbopMy mucrierncii, BUSBUB aKTHUBAIII0 CUCTEMU

3CiJaHHs KPOBi, CTYMIHb SIKOT CJTiJi KOHTPOJIIOBATH
Ha BCiX eTamnax JIKyBaHHS AJis 3a1100iraHHs po3-
BUTKY TPOMOOTHYHHUX YCKIIaTHEHb HE3aJISKHO BiJT
CXeM JTIKyBaHHS.

3a J0MOMOro KOMIUIEKCY O10XiMi4HHX
remarocnenuivHuX MOKa3HUKIB IIa3MU KPOBi
BUSIBJIICHO 3HAYHY HAIPYKCHICThH MPOLECIB Me-
TaboJi3My B TKaHWHAX TEISIT, SIKi IEPEeXBOPIIU
Ha GHTEPOIaToJIOTiI0, Ta MOBIIBHUNA XapakTep
ix BimHOBIEHHS. JIMCPYHKIIS TEMaTOMUTIB i
po3JIaau B CUCTEMi reMocTasy CBigyaTh Mpo
HEOOXI1/IHICTh 3aCTOCYBAaHHS TaKUM TBapHHAM
3aco0iB penapaTUBHOI Tepamnii, B TOMy 4uCIi, y
niepion peadimitamii. Lle ctumyntoe BiTHOBICHHS
(hYHKIIIOHAILHOTO CTaHy KJIITHH, 3aiTHUX Yy

B ( (
3ATAJIbHAM TA AKTHUBHICTDb AKTHUBHICTb
KOH'IOI'OBAHUM AMIHOTPAHC®EPA3 JYKHOI
BLIIPYBIH (AcAT i AnAT) DPOCDATA3H (/ID)
\
IIJTABMA/CHPOBATKA
KPOBI
AKTHUBHICTD JEKAPBOKCHJIbOBAHA
v-I''IYTAMUITPAHCIIEIITUJIA3HA OYHKIIOHAJIbHO HEAKTHUBHA

(y-I'TID) D®OPMA ITPOTPOMBIHY

KomruiekcHa oIiHKa (PyHKIIIOHATBHOTO CTaHy MEYiHKH 32 CHTEPOIATOJOT T TeIsIT
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Ouinka (QyHKIIOHAIBHOTO CTaHY IEYiHKH Ta e()eKTUBHOCTI TEpalii 3a eHTepOnaToorii TensIT

MaTOJOTIYHMI TpolLeC OpraHiB i TKaHuH. J{ns
BHUPIIICHHS LbOTO MUTAaHHSI MOXE OyTH PEKO-
MeHnoBaHa (ocdoninigopmicHa 6iomobaBka
BAJl «FLP-MD», 3acTocyBaHHs SIKOi 3HAUHO
MTOKpaIIye JiKyBaAIbHO-TIPODITaKTUIHAN ePeKT
TPpaJMIIHHUX CXeM Tepartii IpH ii KOMITIEKCHOMY
3aCTOCYBaHHI ITiJl 4ac KJIIHIYHOTO POsIBY €HTE-
pomarosorii Ta y nepion peadimitanii.

B.A. I'pumenko’, T.M. Yepubimenko?,
O.B. T'opuunkas?, T.H. IlnaTronosa?

OLHEHKA ®YHKIIUMOHAJIBHOI'O COCTOA-
HUA NEYEHU U SOPEKTUBHOCTHU
TEPAIINU TPUDOHTEPOHNATOJIOTUU TEJAT

[TpoBeneH KOMIIJIEKCHBIM aHAIN3 IenarocrenupuIecKux
OMOXMMHYECKHUX II0Ka3aTeNeil KpOBU M CHCTEMBI TeMOCTa3a y
TEJISIT, KOTOPBIE TepeOoIeIH YPHTEPOIIATOIOTHel B 2—7-CyTou-
HOM Bo3pacre. VIcrionp30Bane KOMITIEKCa TECTOB JUTS OLIEHKH
(DYHKIIMOHAJIIBHOTO COCTOSIHUSI IIEUCHU M TEPAIeBTUYECKUX
CXeM II0Ka3aJI0, YTO y JKUBOTHBIX DTOH IPYIIIBI 110 CpaBHE-
HUIO ¢ KOHTpojeM Ha 30-Tble CYTKH JKU3HH CYIIECTBEHHO
MOBBIIICHA KOHIIEHTPAIHsl KOHBIOTHPOBAHHOTO OMIIMpyOnHa
(8 1,6 pa3a), akTUBHOCTb acHaprar- U aJaHHHAMHHOTPAHC-
¢epa3s (B 1,2 pasa), y-nryraMunTpancenTuaassl (B 1,5 pasa)
U 1menodHoit gocdarassl (B 1,4 pasa), a Taxke comepKaHue
PacTBOPUMBIX (pHOPHH-MOHOMEPHBIX KOMILIEKCOB (B 4 pa3a).
Takoe OTKIIOHCHNE YKa3aHHBIX [TapaMETPOB OT HOPMBI CBH/IE-
TEIBCTBYET O HEOOXOMMOCTH KOHTPOJIS 32 (DY HKIIHOHAIBHBIM
COCTOSIHHEM IICUCHH JJaXKe CITyCTs 3 HeJl IT0CIIe KIIMHIIECKOTO
BBI3ZIOPOBIICHHS )KUBOTHBIX. JIJIst IPEIOTBpAICHUS pa3BUTHS
BTOPHYHOM I'eNaTonaToI0T Ui PEKOMEHI0BAHO IPOIOKEHHE
MeMKaMEHTO3HO! KoppeKiuu. OnpeseneHo, 94To U TOKCH-
YECKOH ANCTICTICY HOBOPOJKACHHBIX TEJIST JUISI BOCCTAHOBIIC-
HUS QyHKIMOHAIBHOTO COCTOSIHHS IIEYCHH B TEPAIIEBTHUCCKIE
CXEMBI LIeJIeCO00Pa3HO BKITFOUATh (hOCHOTHITHICOACPIKATYIO
6nonobasky «FLP-MD» kak cpeacTBo pemapaTuBHOM Tepa-
MU, KOTOPYIO CIIEAyeT IPUMEHSTh U B ICPHOA peabHINTaINH,
110 30-CyTOYHOTO BO3PACTa BKIIFOYUTENIBHO, UTO 00SCIICUNBACT
OKOHYATEIHHOE BOCCTAHOBJICHNE NCCIIELyeMBIX ITOKa3aTeeil.
KiroueBsle cioBa: remarocnenuduieckue OHOXHMMHUUSCKHE
[I0Ka3aTeNN KPOBH; CHCTEMa I'eéMOCTa3a; HOBOPOXKJCHHEIE
TENATa; MeUeHb; TOKCHYECKas MHCIICICIsl; peaOuinTamnus;
tepanesruueckue cxembl; BAJl «FLP-MDy.

V. A. Gryshchenko!, T.M. Chernyshenko?,
0.V. Gornitska2, T.M. Platonova?

EVALUATION OF THE FUNCTIONAL STATE
OF LIVER AND THE EFFICIENCY OF
THERAPY FOR ENTEROPATHY OF CALVES

Comprehensive study of hepatospecific biochemical blood

108

markers and haemostatic system in calves which recovered
from gastrointestinal pathology at age 2—7 days, was con-
ducted. Implementation of a complex of tests for evaluation
of'the liver’s functional state and the efficiency of therapeutic
regimens shown that the experimental animals compared
to control at the 30" day of life demonstrated significantly
increased conjugated bilirubin concentration (1.6 times),
aspartate- and alanin aminotransferase activity (1.2 times),
gamma-glutamyl transpeptidase (1.5 times) and alkaline
phosphatase (1.4 times), and content of soluble fibrin monomer
complexes (4 times). Such deviation from the norm of the
mentioned parameters of liver’s functional state suggests the
need to monitor the liver state even 3 weeks after their clinical
health is confirmed. To prevent the development of secondary
hepatopathology it is recommended to conduct further medical
correction of the functional state of the liver. It is found that to
stimulate recovery of liver function in case of toxic dyspepsia
in newborn calves, it is advisable to implement a phospholipid
containing supplement «kFLP-MD» as a measure of reparative
therapy till the animals are 30 days of life to ensure successful
establishing of studied parameters.

Key words: hepatospecific biochemical blood markers;
hemostatic system; newborn calves; liver; toxic dyspepsia;
rehabilitation; therapeutic regimens; BAS «FLP-MD».

!National University of Life and Environmental Sciences of
Ukraine, Kyiv;

0.V, Palladin Institute of Biochemistry of the National
Academy of Sciences of Ukraine, Kyiv
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Reparative processes in jaw bones under using

of different plastic materials

Kh. R. Pohranychna

Danylo Halytsky Lviv National Medical University, e-mail: pohranychna@ukr.net

The comparative experimental study of osseous tissue regeneration in the created foraminous mandibular
defects being implanted with bioceramics Kergap T-300 and osteoplastic material Osteopor, as well as
Justifying the possibility of using the developed reparative material in the maxillofacial surgery clinics based
on the analysis of histomorphological research results for are the paper objectives. 78 nonlinear white male
rats weighing 240-300 g with foraminous mandibular defects were used as models for studying impact on the
reparative osteogenesis processes made by the bonegraft material. Reparative changes in the implantation
sites were studied in real time with the help of histological drugs under the optical microscopy. The graft
components were the morphometry object calculated at the percentage ratio per the graft space unit in three
cuts from each section. In 27.7% cases the rats’ mandibular defects repair under the natural environment
conditions of osseous tissue regeneration achieved with a blood clot was complicated by purulence, the
surgical wound dehiscence with pyorrhea or perimandibular abscess. In other cases regeneration caused
the development of heterogeneous graft made of chondroid-fibroblastic and osteoid tissues of different
organization levels. The comparative experimental morphological and histomorphometric studies of the
bone regeneration involving the replacement of created jaw defects with osteoplastic material Kergap-T
alone and in the combination with the lyophilized biological placenta implant Osteopor proved that the
latter speeded up the beginning of active regenerative processes promoting the early defect filling with the
neogenic organotypic osseous tissue comprising 52(43-63)[46-58]% and 74(57-85)[64-79] % of the bone
graftin 60 and 90 days after the surgical intervention correspondingly (being equal to 24(13-29)[20-28]%
132(27-38)[30-34]% correspondingly in cases when Kergap-Twas applied. According to the morphometric
research findings, in cases of Osteopor and Kergap-T application the tabular bone element of the graft was

equal to 53 (43-60) [46-56]% and 15(13-18) [14-16]% correspondingly.
Key words: reparative osteogenesis, placenta tissue; bone grafting materials.

INTRODUCTION

The difficulties of osseous regeneration or
replacement after surgical interventions resulted
from tumours, gun shot injuries, traumas,
osteomyelitis, cystic lesion and other maxilla
pathologies are one of the most important issues
having been studied in the maxillofacial surgery.
Osseous tissue regeneration in postsurgical jaw
gaps is a challenging process because of long-
lasting neogenesis (in cases when the healing
period is required to be reduced), frequent
cases of incomplete osseous tissue recovery
and relatively high frequency of purulent
complications [1-3].

© Kh. R. Pohranychna
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According to the tissue engineering theory
the availability of relevant cells (osteogenic
progenitor cells and osteoblasts), signal mole-
cules assuring osteoinduction (activating growth
factors, morphogenic proteins), matrix made of
the osteoplastic material specifying the osseous
tissue space and form, in other words the
development of launch environment necessary
for the well-disposed proliferation of osseous
tissues and capillaries in the defined space are
required for the goal-oriented osseous tissue
regeneration.

The autogenous osseous tissue with the
osteogenic, osteoinductive and osteoconductive
potential is the gold standard for the bone
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regeneration. As practice shows, despite the
sufficient motivation the patients are reluctant
to the reparative surgery being aware of
the additional trauma inevitability. In the
consideration of the foregoing, the maxillofacial
surgeons have been in the recent years striving
to optimize the reparative osteogenesis followed
after the surgical intervention taking into
account different factors among which the
local application of various plastic stuff is
predominant [4-7]. It is the authors’ opinion that
no universal osteoplastic material has been so
far invented to be used in odontology for filling
postsurgical bone gaps [8-10].

The search of appropriate implantation stuff
widely used in the reparative maxillofacial surgery
contributed to the application of the human
placental cells being an easily available and
economically advantageous biological material.

There is a great amount of collagen and
yellow fibers in the placenta villus stroma at
the end of pregnancy. Collagen is the main
fibrillary protein containing amino acids actively
engaged with cells promoting the reparative
process. As far as osteoregeneration processes
are similar with embryogenesis an idea of
applying fetoplacental tissues for the plastic
reconstruction of maxilla defects appeared [11].

Placenta is an active polyfunctional organ
consisting of a great number of collagen fibres,
synthesizing almost all hormones and over 40
fetal immunomodulating factors. It is a natural
repository of vitamins, cytokines, peptides,
a-fetoproteins, antioxidants, adaptogenes and
other biologically active agents stimulating
reparative regeneration processes [ 12]. Placenta
is a producer of many growth factors: insulin-
like growth factor — a well-known mitogen for
stromal fibroblasts; placental growth hormone
- the main regulation hormone of insulin-like
growth factors; vascular endothelial growth
factor involved in angiogenesis [13]. Adjusting
to the microenvironment conditions and an-
swering the local organ- and tissue specific
regulating signals the placenta biological
implant serves as a “reparative construction

ISSN 0201-8489 Dision. scyph., 2016, T. 62, Ne 6

material” performing morphogenesis function
and recovering damaged structures [14]. A new
compositional osteoplastic material Osteopor
was made of (at the percent ratio) a double-phase
porous bioceramics Kergap T-300 (55-60%),
lyophilized placenta fragments (30-35%) and
polymer blend consisting of polyvinyl alcohol
and polyvinylpyrrolidone (5-10%) serving as
a binding component. The declaration patent
of Ukraine was obtained for the invention No.
67927A. No data was found in the literary
sources about the research of the combined
use of hydroxyapatite (HA) and tricalcium
phosphate (TCP) with placenta tissue for filing
postsurgical maxilla defects.

The comparative experimental study of
osseous tissue regeneration in the created
foraminous mandibular defects being implanted
with bioceramics Kergap T-300 and osteoplastic
material Osteopor, as well as justifying the
possibility of using the developed reparative
material in the maxillofacial surgery clinics
based on the analysis of histomorphological
research results for are the paper objectives.

METHODS

78 nonlinear white male rats weighing 240-300
g with foraminous mandibular defects were used
as models for studying impact on the reparative
osteogenesis processes made by the osteoplastic
material. The well-known standard method [15]
was applied for conducting a surgery. Above
abdominal anesthesia with 10% hexenalum
solution at the rate of 0.6 mg hexenalum per
100 g of the animal’s mass. Having achieved
the periosteum detachment and bone surface
baring by means of a dental drill a perforated
foraminous defect of 5 mm in diameter was
made in the rat’s mandibular angle by applying
a conical dental cutter with a restrictor.
Periosteum was resected over the gap space
in order to exclude the impact of paraosseous
tissues on osteogenesis. The implant material
was inserted into the created bone defects. The
experiment consisted of three sets. The bone
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wound repair with a blood clot was observed in
the first set of experiments (18 animals) being
a test group. The double-phase bioceramics
Kergap T-300 with the particle sizes of 0.25-
0.40 mm was inserted into the rats’ mandibular
defects in the second set (30 animals). The
newly elaborated ompositional osteoplastic
material Osteopor was used for the third set of
experiments (30 animals).

The animals were sacrificed by ether
anesthesia overdosing on the 7th, 14t 21t 30th,
60" and 90™ days. The jaw bone fragments with
defects were removed, fixed in 10% neutral
formalin solution, decalcified in 10% trilon
B solution with the borate buffer (pH=7.2),
dehydrated in the alcohols of increasing
concentration and put in paraffin. Three
histological sections of 10 mclIU thick were
made by means of a microtome from each
unit being stained in hematoxylin and eosin
[16]. Reparative changes in the implantation
sites were studied in real time with the help of
histological drugs under the optical microscopy.

The received agents were investigated and
taken micro photos by means of Leica Galen
IIT microscope under 150 and 357 zooming.
Histological studies were carried out to evaluate
the graft structural organization and the osseous
tissue enclosing the defect. Morphometric
study was conducted with the application of
spectacular inserts with measuring grids applied
for cytohistostereometric research [17].

The graft components were the morphometry
object calculated at the percentage ratio per the
graft space unit in three cuts from each section.
A big quadrate of the spectacular stereo logical
grid containing 100 node points regarded
as 100% of the graft square was the space
unit. The spectacular grid points accidentally
coinciding with the graft components were used
to measure the volumetric percentage ratio of the
osteoplastic material, connective and osseous
tissues contained in the osseous graft allowing
for the mathematical representation of the
dynamic pattern in the course of the biological
implant reconstruction.
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The received numerical research findings
were processed by means of the variation
statistics method by means of the computer
program STATISTICA for Windows 8.0 (Stat
Soft, USA) used for medical and statistical
computations.

RESULTS AND THEIR DISCUSSION

The special features of the osseous graft and new
organotypic bone development in the created
foraminous mandibular defects observed in rats
from the experimental and control sets were
compared by applying the histomorphological
and morphometric methods. In 27.7% cases
the rats’ mandibular defects repair under the
natural environment conditions of osseous tissue
regeneration achieved with a blood clot was
complicated by purulence, the surgical wound
dehiscence with pyorrhea or perimandibular
abscess. Having been revealed pyorrhea the
animals were sacrificed. The remaining rats
with no detected suppurative complications were
observed the neutrophil leucocytic infiltration,
intense macro- and microphagal detritus
resorption up to 14-21 days after the surgery.

The development of cicatrical connective
tissue, poor periosteal reaction manifested as
the newly-made short and slightly winding bone
trabeculas developed on the 215 — 30™ days of the
experiment and partial defect filling of the defect
with the slightly differentiated chondroid and
osteoid graft are the main evidence of the reparative
processes in this experiment set (Tablel).

Along with the development of the osseous
tissue the osteogenic structures of which are of
disordered orientation in the graft peripheral
sites no complete neogenesis of bone archi-
tectonics was evident in the defects even in
three months of the bone regeneration during
the experimental set. The graft structure was
of mosaic type with the osteoid osseous tissue
interchanging the immature fungoid polymor-
phic structure. A complicated low differentiated
graft of the mixed chondroid-osteoid type was
developed (Figure 1).
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Table 1. Morphometric characteristics of the rats’ reparative regeneration of mandibular defects under the conditions
of natural regeneration.

Regenerate composition (%): Me (min-max) [low-upper quartiles]
ob]s)e?,/ :tfo n Blood clots, tis- | Soft connec- ngz:tlie Cartilage Rough-fiber Plate bone
sue detrite tive tissue . tissue bone tissue tissue
tissue
. 76 (72-80) 24 (20-28) i i i )
[75-78] [22-25]
14 53 (48-58) 39 (36-42) 5 (4-6) 4 (3-5) i )
[50-55] [38-40] [4-6] [4-4]
21 10 (7-13) 74 (71-77) 8 (6-10) 6 (3-8) 2 (1-3) i
[8-12] [73-75] [7-9] [5-8] [2-2]
30 ) 69 (67-71) 12 (9-15) 8 (7-9) 11 (9-14) i
[68-70] [11-13] [7-9] [10-12]
60 i 40 (35-46) 32 (29-35) 4 (3-5) 19 (17-21) 5 (4-6)
[37-43] [30-34] [3-5] [18-20] [4-6]
90 i 25(23-27) 39 (36-42) 2 (1-3) 25 (22-27) 9 (7-11)
[25-26] [37-40] [1-3] [24-26] [8-10]

The slow osteogenesis of defects achieved
with a blood clot can be explained by the lack
of the sufficient amount of cells, their poor
density during the first and next regeneration
stages and osteogenesis conditions unfavourable
for osteogenesis, thus, confirming the necessity
of replacing postsurgical defects with plastic
materials in order to optimize osteoreparative
processes.

Figure 1. The bone defect filled with the neogenic osseous
tissue of different maturity level and connective tissue.
Haematoxylin and eosin staining. Zoom — 150. The 90 day
of the experiment. Test group
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Having analysed the results obtained in the
2"d and 3" sets of the experiment some con-
sistent patterns were revealed in the course of
implantation material replacement. On the 14
day of observation in animals of the 3rd series
capillary net in the regenerate have been devel-
oped. The optimization of the cellular fibroblast
proliferation and differentiation, the osteoblas-
tic tissue formation in the graft and its further
reformation starting from the 14" day of the
experiment were the characteristic features of
the osseous tissue neogenesis (Table 2).

Presumable dynamics (P<0.05) in terms of all
morphometric aspects of osseous regeneration
as compared to the previous sampling and
between the both experimental animals groups
was determined in the course of the study.

The comparison of the experimental findings
gave us the grounds for stating about more
active reparative regeneration in the created rats’
mandibular defects filled with the compositional
biological stuff Osteopor versus the defects filled
with Kergap. As a result of the active resorption
the osteoplastic material was comprising less
than a half of the graft space in only three weeks
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Table 2. Morphometric aspects of the rats’ mandibular defects regeneration after their being replaced with Kergap T
(K) and Osteopor (O) osteoplastic materials.

Regenerate composition (%): Me (min-max) [low-upper quartiles]

Bonegraft mate- | Soft connective | Osteoid connec- |Rough-fiber bone .
. . o . Plate bone tissue
Day rial tissue tive tissue tissue
K O K 0) K (0] K (0] K (0]
85 73 12 19 2 7 1
7 (82-88) (70-76 (10-13) (17-22) (1-5) (5-9) - (0-2) - -
[83-87] [71-75] [11-13] [18-20] [2-5] [6-8] [1-1]
77 60 16 22 6 12 1 6
14 (74-80) (57-63) (15-17) (19-25) (4-8) (9-15) (0-2) (4-8) - -
[75-79] [58-62] [15-17] [20-24] [5-7] [10-14] [I-1] [5-7]
66 44 18 26 11 17 5 9 4
21 (63-69) (41-47) (15-21) (18-28) (8-14) (14-20) (3-7) (7-14) - 3-7)
[64-68] [42-46] [16-20] [19-28] [8-14] [15-19] [3-7] [8-13] [4-7]
55 32 17 15 14 22 9 17 5 14
30 (52-58) (29-35) (14-20) (12-19) (12-16) (19-25) (6-12) (14-20) (3-7) (12-16)
[53-57] [30-34] [16-19] [13-17] [13-15] [20-24] ([7-11] [15-19] [3-7] [13-15]
43 18 16 9 17 21 14 22 10 30
60 (40-47) (15-21) (14-18) (7-14) (14-20) (14-25) (12-16) (19-25) (1-13) (24-38)
[41-44] [16-20] [15-17] [8-13] [16-19] [18-23] [13-15] [20-24] [7-13] [26-34]
38 5 13 6 17 18 17 21 15 53
90 (35-40) (4-6) (11-15) (5-7) (14-20) (15-21) (14-20) (14-25) (13-18) (43-60)
[37-39] [5-5] [12-14] [5-7] [16-19] [16-20] [16-18] [18-23] [14-16] [46-56]

following the surgery with the application of
Osteopor. For 60 days - loose and instant masses
of composite material were imbued with osteoid
tissue full of capillaries.

The closure of the bone trabecular grid
having been developed in the soft connective
tissue resulted in the early formation of rough
fibrous osseous tissue and spongy structure.
Later it underwent the oppositional growth
with osteoblasts playing the main role, forming
new osseous tissue layers and making a sheet
structure. The newly formed bone mineraliza-
tion was accomplished due to the physical
and chemical reprecipitation of calcium and
phosphate having been released from the implant
material and due to the osteoblasts.

The neogenic rough-fiber and plate bone
tissue elements were comprising 52 (43-63)[46-
58]% and 74 (57-85)[64-79]% of the bone graft
in 60 and 90 days after the surgical intervention
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correspondingly. In cases of Kergap-T application
it was equal to 24 (13-29)[20-28]% and 32
(27-38)[30-34]% correspondingly. In cases of
“Osteopor” application the plate bone element
of the graft was comprising 53 (43-60)[46-56]%
by the end of the experiment while the use of
Kergap-T resulted only in 15 (13-18)[14-16%].

By the end of the experiment the latter
comprised 1/3 of the graft space which was
equal to 38 (35-40)[37-39]% being hidden in
the osseous tissue. Consequently, according
to the morphometric research, the osseous
tissue development, maturing and secondary
reconstruction of osseous structures, as well
as biodegradation of composite material
substances were faster and the maturity of
the osseous tissue was observed by the end of
the experiment in the group of animals with
the Osteopor used for filling the created bone
defects (Figures 2a, 2b).
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Figure 2a) The enlargement of osseous graft
with the hidden Kergap-T granules

Figure 2b) Neogenic osseous tissue with the
evidence of compaction

This resulted from the intense reparative
osteogenesis developed under the conditions
of constant engagement with the composition
material implanted into the bone defect. High
porosity of the material simplified the fast implant
revascularisation, as well as the migration and
proliferation of osteoplastic peripheral blood cells
and the surrounding loose connective tissue. Being
a biologically active material Osteopor promoted
angiogenesis, migration, the attachment of stromal
cells, their differentiation into osteoblasts and
further reparative osteogenesis.

At that, osteogenesis was developing in two
directions: from the periphery towards the center
due to the proliferation of spongeous mandibular
osteoblasts and from the central cavity area
towards the periphery being the result of the
neogenic bone trabeculas newly formed in the
loose connective tissue and presented as “spot
osteogenesis” areas. The latter was not observed
in cases when Kergap-T was applied.

SUMMARY

The repair of created foraminous mandibular
defects achieved with a blood clot in the

course of the experiment was complicated
with the defect stuff purulence (in 27.7%
cases). In other cases regeneration caused
the development of heterogencous graft ma-
de of chondroid-fibroblastic and osteoid
tissues of different organization levels. The
comparative experimental morphological
and histomorphometric studies of the bone
regeneration involving the replacement of
created jaw defects with osteoplastic material
Kergap-T alone and in the combination with the
lyophilized biological placenta implant Osteo-
por proved that the latter speeded up the begin-
ning of active regenerative processes promo-
ting the early defect filling with the neogenic
organotypic osseous tissue.

The availability of lyophilized placenta
fragment (LPF) in the osteoplastic material
promoted HA (hydroxyapatite) and TCP (tri-
calcium phosphate) bioresorption, fast deve-
lopment and mineralization of the osseous graft.
Osteopor proved to have osteogenesis promoting
properties due to the following aspects of
the implant elements: 1) lyophilized placenta
fragments (LPF) being the source of biologically
active agents, in particular, polypeptide osteo-
genesis factors, serve as the inductors for
the osteoblastic cell population and for the
secretion of bone matrix proteins; LPF assure
microenvironment favourable for osteogenesis,

Figure 2. the 90" day of the experiment. The bone defect filled with Kergap (a) and Osteopor (b). Haematoxylin and eosin
staining. Zoom — 150
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intercellular fluid diffusion and fast graft
vascularization; 2) activating proliferation of
fibroblasts and their biosynthetical function
the placenta collagen promotes collagen
development; 3) depositing and restraining the
osteogenetic cell material Kergap-T serves as a
frame gradually reabsorbing and being replaced
with the normal osseous tissue. Kergap-T
assures the neogenic bone mineralization due
to the physical and chemical reprecipitation of
calcium and phosphate having been released
from the implant material.

Consequently, according to the experimental
study findings the offered composition plas-
tic material Osteopor was proved to have
osteoinductive and osteoconductive effects
assuring the development of a compact osseous
tissue. Thus, it is recommended for the clinical
use as an osseointegrated implant effective for
the stimulation of reparative osteogenesis in the
wound jaw defect area.

X.P.ITorpanuyna

PEITAPATUBHI TPOLUECH IIEJEITHUX
KICTOK IIPU BACTOCYBAHHI PI3BHUX
OCTEOIIJIACTUYHUX MATEPIAJIIB

Mertoro Hamoi po6oTu Oyio BHBYCHHS Y MOPIBHSUIBHOMY
aCIeKTi B €KCIEPUMEHTI MPOLECiB pereHeparii KiCTKOBUX
TKaHHMH Y IITYYHHUX Jip4acTHX JedeKTax HIKHBOIIETICITHHX
KicTOK mp¥ imMIaHTamii B HuX 6iokepamiku Kepram T-300 ta
OCTEOIIIACTUIHOr0 MaTepiary OcTeonop, Ta Ha OCHOBI aHATI3Y
Ppe3yaBTariB ricTOMOp(HOIOTIYHUX JOCITIKEHb OOTPYHTYBATH
MOJKIIMBICTb 3aCTOCYBaHHS PO3POOICHOr0 HAMH IIACTHYHOTO
Marepiany B KIiHIII OIeTeMHO-IUIEeBO] Xipyprii. Brums mia-
CTUYHOTO Marepiany Ha pernapaTuBHI MPOLECH OCTEOreHE3y
BHBYAIU HAa MOJETI IipyacTHX Ae(eKTiB HUKHBOI e Y
78 maboparopHuX OiMHX mIypiB. ['icTONOTIYHI HOCHTIIKEHHS
HPOBO/IHIIN JUTS OLLIHKH CTPYKTYPHOI OpraHizaii pereHepary
i cTaHy KiCTKOBO1 TKAaHWHH, IO 0TOUyBaia nedekt. 06’ ekrom
Mop¢oMeTpii Oymu CKITagoBi KOMIIOHEHTH PEreHeparty, sKi
MTiIPaxX0OBYBAIUCS Y BiJICOTKOBOMY BiJHOILICHHI Ha OIUHHIIIO
IUTOILI pereHepaTy B TPHOX 3pi3ax KOXKHOTO OJIOKY. 3aro€HHs
MITyYHO YTBOPEHHX AIPYACTUX KiCTKOBHUX Ae(EKTiB HUKHBOT
IIeNIeNN B eKCIePUMEHTI IMiJ KPOB SITHUM 3TyCTKOM y 27,7%
YCKIIaHIOBAJIOCS HArHOEHHSM BMicTy Aedekrty. B iHmmx
BUIAJKaX pereHepais IpU3BOAMIA J0 YTBOPEHHS HEOJ-
HOPITHOTO pereHepary 3 XoHApo(hiOpoOIacTHIHOI Ta ocTe-
OIMHOT TKAaHWH Ha PI3HUX CTaisAX oprasizamii. [lopiBHsIBHI
eKCTIepIMEHTaNbHI MopdooriuHi Ta rictoMmophoMeTprudHi
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JIOCIIJDKEHHST pereHepanii KicTKU MpH 3aMillieHHi ITYyYHO
YTBOPEHUX KiCTKOBHX JAe(EKTiB IIeJell OCTeOINIaCTUYHHM
marepianom Kepran T camoctiitHo i B kommo3uuii 3 jio-
¢inizoBanuM OioiMIulaHTaTOM 3 IUIaLeHTH — OcTeonopom
HIOKa3aJH, 10 OCTaHHIN MPUCKOPIOE MTOYATOK aKTUBHUX MPO-
IeCiB pereHepallii, Cipusie paHHbOMY 3aIMIOBHEHHIO IC(EKTY
HOBOYTBOPEHOIO OPraHOTUIIOBOO KICTKOBOIO TKAHUHOIO, SIKa
uepe3 60 116 micyis onepariii ctanoBuiaa 52(43-63)[46-58]%,
a yepe3 90 — 74(57-85)[64-79]% KiCTKOBOTO pereHepary,
TOJI SIK mpu 3actocyBanHi Marepiany Kepram T —24(13-29)
[20-28]% 132(27-38)[30-34]% BianosigHo. MophomeTpuuHi
JTOCITIKCHHSI 3aCBIUYIIIH, 10 TIPH 3aCTOCYyBaHHI OcTeonopy
YacTKa IJTACTHHYACTOT KICTKH B pereHeparTi 10 KiHLs eKcIe-
pumenty cranosuiia 53 (43-60) [46-56]%, B TOM yac, K npu
3actocyBanHi Kepramy T - 15(13-18) [14-16]%.

KitrouoBi ciioBa: penapaTuBHUI OCTCOTCHE3; IUIAIICHTAPHA
TKaHHHA; KICTKOBO-TUTACTHYHI MaTepiau.

X.P.Ilorpannynas

PEITAPATUBHBIE TPOLECCBHI HEJIOCT-
HBIX KOCTEM NPU IPUMEHEHUU
PA3JIMYHBIX ITJIACTMACC

Lenbio Hamel paboThl OBUIO H3YYEHHE B CPABHUTEIILHOM ac-
HIEKTE B 9KCIIEPUMEHTE ITPOLIECCOB PereHepallii KOCTHBIX TKa-
Hei’l B UCKYCCTBEHHBIX AbIpYaTbIX ;[ecbeKTax HHKXHCYCITFOCTHBIX
KOCTe# IIPU MMITTaHTalMK B HUX Onokepamuku Kepram T-300
U ocTeoruiacThyeckoro marepuaina Ocreornop, U Ha OCHOBE
aHaJM3a pe3y/IbTaToB T'MCTOMOP(OIOTHYHUX HCCICIOBAHMN
000CHOBaTh BO3MOXKHOCTH NMPHUMEHEHHs pa3paboTaHHOTO
HaMH IUIACTHYECKOTO MarepHaia B KIHMHUKE YeIIOCTHO-JIH-
LIeBOH XUpYypruu. BiusHue miacTuueckoro Marepuaia Ha
pernapariBHBIC IIPOLIECCHI OCTEOreHe3a U3ydalld Ha MOJIEIH
JIBIpYATBIX Je(EeKTOB HIKHEH 4entocTh y 78 mabopaTopHbIX
6en1>1x KpBbIC. FI/ICTOHOFI/I‘IGCKI/IG UCCIICA0BaHUA MTPOBOANUIIN
C LIEJBI0 OLICHKH CTPYKTYPHOIl OpraHuM3alyy pereHepara u
COCTOSIHUSI KOCTHOM TKaHH, OKpyXKaBiuei gepekt. O0beKToM
MopdoMeTpun ObIIIM KOMIIOHEHTBI pereHepara, KOTOpble
IMOACYUTHIBAJIMCH B IIPOLUEHTHOM OTHOLICHWU HA €AUHHULLY 1110~
IaJIM pereHepara B TPeX cpe3ax Kaxaoro Oyoka. 3aKUBIeHHE
HCKYCCTBEHHO 00pa30BaHHBIX JbIPUATHIX KOCTHBIX 1e(EKTOB
HIDKHEH YEeNIOCTH B AKCIICPUMEHTE 1107l KPOBSHBIM CI'yCTKOM
B 27,7% OCIOXHSIOCH HATHOGHUEM coJiepiKaHus Jedexra.
B npyrux ciy4asx pereHeparnus npuBoauia K 00pa3oBaHHIO
HEOJHOPOIHOTO pereHepara ¢ XOHAPOPUOPOOIACTHIHOU
U OCTCOHMIHOIO TKaHei/'l Ha pa3HbIX CTaaudaX OpraHu3alvu.
CpaBHI/ITeHbeIe OKCIIEPUMEHTAJIbHBIC MOp(.JpOJ'lOFI/I‘leCKPIC nu
THCTOMOP(GOMETPUYHH HUCCIICOBAHUS PETCHEPALMH KOCTH
IpHu 3aMEICHUN UCKYCCTBEHHO CO31aHHBIX KOCTHBIX zle(bex—
TOB UEJIIOCTEH ocTeorutacTuyeckuM MarepuanoMm Kepram T
CaMOCTOSITEIFHO ¥ B KOMOHHAIMY € JTMOQUIH3HPOBAHHBIM
OMOMMIUTAHTATOM M3 IUTAEHTH - OCTEOMOPOM IMOKa3aH,
4qToO HOCHGJIHI/IFI ycxopﬂeT HavdaJl0O aKTUBHBIX IIPOLECCOB
pereHepanuu, CriocoOCTBYET paHHEMY 3aIllOJIHEHHIO le(eKTa
HOBOOOPA30BAaHHON OPraHOTHIIMYECKUX KOCTHOW TKaHBIO,
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KoTopas 4epe3 60 cyT mocie onepanuu cocrasisia 52 (43-
63) [46-58]%, a uepe3 90 - 74 (57-85) [64-79]% xocTHOTO
pereHepara, Toraa Kak IpH npuMeHeHHH Matepuana Kepram
T - coorBerctBenHo 24 (13-29) [20-28]% u 32 (27-38) [30-
341%. MopdomeTrpryeckue UcclieJOBaHNs CBUIETEIbCTBYIOT,
4TO IpH puMeHeHnH OcTeonopa 10515 INIaCTUHYATOH KOCTU
B pereHepare K KOHIly SKCIepuMeHTa cocTasisiia 53 (43-60)
[46-56]%, B TO Bpems, kak npu npuMeHenuun Kepran T - 15
(13-18) [14-16]%.

KittoueBble ciioBa: penapaTHUBHBIH OCTEOreHe3; IIalleHTHAsI
TKaHb; KOCTHO-IIJIACTUYCHKUE MaTCpUaJIbl.
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Ouninka GyHKIiOHAJBHUX 3MiH CJIbO30MPOXYKIIL i/
JAI€I0 OYHHMX Kparne/jb HA OCHOBI MPUPOTHOI MOJIEKYJIH
eKTOIHY TAa HITYYHOI CJIbO3U Y XBOPHUX HA CHHAPOM
CYyX0I'o OKa HA TJIi eHAOKPUHHOI odTajibMonAarii

H.M. Becenoscbka, I.b. Kepeodko

Kuiscoxuii meouunuii ynigepcumem YAHM;
Kuiscoxu micoxuii opmanvmonoeiunuil yenmp KMKJI Ne 1; e-mail: nnvesel@gmail.com

IIposederno nopieHATbHULL AHANI3 QYHKYIOHATLHUX 3MIH CTbO30NPOOYKYIT Y X6OPUX HA CUHOPOMOM CYXO20
oxa (CCO) ma enOOKpunHOIO 0QmanbManamiero 6 yMogax mpuanoi 0ii 6e3KOHCepEanmMHO20 MeOUKAMeH-
MO3H020 3ac00y Ha 0CHOBI npupooHoi peuosuru. Obcmedxceri 30 ocio éikom 6i0 35 0o 53 pokie 3 KiiHIYHUMU
nposigamu CCO na ¢honi endokpunoi opmanvmonamii, siki Oyau po3nodineni na 06i epynu. Obcmedicenum
1 epynu npusHauanu ourHi Kpanii Ha OCHOBI NPUPOOHOI MONLeKYIU ekmoiny, a Il — civoszozaminnuku. OOcmedcents
BKIIIOYANI0 3G2ANbHI MA CheyianbHi (NOKA3HUKU CIb30NPOOYKYIl, 4ac po3pusy Cri3HOi niieku, cymapha
cbo3onpodykyis - mecm LLlupmepa I) memoou docrioxcennus. Tepmin cnocmepedicenns - 30 0io. Bcmarnosieto,
Wo mpusae 3acmocy8aHHs OYHUX Kpaneib Had OCHOBI eKMOIHY NPU3800uUms 00 Oilbil GUPAZHUX NO3UMUSHUX
3MIH Y CMAHI NOBEPXHI OKA MA NOKAZHUKAX CIbO30NPOOVKYIT (30IIbUIEHHS 4ACy PO3PUBY CbO30601 NILIGKU,
cymaprol cvozonpodykyii ma npobu [llupmepa I y 6inbuionl Kinbkocmi 0ci6 3a paxynok 6i0HOBIeHHSL AKOCNI
CbO3080I NAIBKU MA BIOCYMHOCMI KOHCEPBAHMA, AHINC NICIIA 3ACMOCYBAHHSL ClIbO303AMIHHUKIE.

Knouogi cnosa: cunopom cyxoeo oxa; nooOpasHenus, eHOOKpUHHA 0PmanoMonamis, npupooHa MoneKynd
EeKMOIHY.

BCTVYII mapy clb030BO1 IUTIBKU y 3abe3mnedeHHi i1 cra-
OUTBHOCTI Ta HOPMaJBHOTO BHUIAPOBYBAHHS
BOJIOTH, y 30epekeHHi (i310JOTIYHOTO PiBHS
TEPMOI30JIAIIiT TTOBEPXHI OKa Ta SKOCTI ONTHY-
HO1 TOBEPXHI POTiBKHU. 32 OTPUMaHUMH JaHUMH
BiZIMIHHOCTI JIIMITHOTO CKIIa]ly CIBO3H Y XBOPUX

Ha CCO, a caMe 3HMI)KEHHS CIIIBBIJHOIIECHHS

OcranHiM yacoMm cunjpom cyxoro oka (CCO)
HaOyBae 3HA4YHOI MOMIMPEHOCTI B YKpaiHi i B
cBiTi. KniHi4HI MposiBM OBOr0 3aXBOPIOBAHHS
KOJINBAIOTHCS BiJl TOBEPXHEBOIO MOAPAa3HEHHS
OKa J0 3HAYHUX TPOQIUYHUX MOPYIIEHb POTiBKH
3 MOTipHICHHSIM a00 MOBHOK BTPATOO 30py. B

natoreHe3i CCO ronoBHy posb BiJirparoTh MO-
pyLIeHHs 3 00Ky CJIbO30BO1 IUTIBKH SIK BHACTIIOK
3MEHILEHHS CEeKpelii CIb03H, TaK 1 B pe3yNbTarTi
HaJMipHOTO BUIIApOBYBAHHS BOJOTH 3 MOBEPX-
Hi oka. Bimomo, 110 ciibo30Ba pinuHa Gopmye
Ha TOBEPXHI OKa CIi3HY IUTIBKY, sIka BUKOHYE
HU3KY HalBaXJIMBiKMX QyHKIIH, B TOMY YHCITi
TpodiuHy, 3axucHy i onTuuny. CydacHi MeTo-
1 Mac-CIeKTPOMETPii Ta sAepHO-MarHiTHOTO
PE30HAaHCY Jaju 3MOTY BH3HAUYUTH BaKIHBY
pPOJIb 30BHIIIHBO PO3TALIOBAHOIO JiMiAHOTO
© H.M. Becenoscrka, 1.b. Kepebko
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MOJISIPHUX 1 HEUTpaJbHUX JiMmiaiB Ta 30i7b-
LICHHS KOPCTKOCTI JIMiJHOTO LIapy clb030BOi
IJTIBKU NMPU3BOJATH A0 IEPEIYaCHOTO PO3PUBY
CHi3HOI NJIBKU Ta MOpyWeHHA ii Oap’epHOi
¢ynxuii [1 2—7]. Huni BcTaHOBIEHO, 1O BiJl-
HOBJICHHS JIIIJHOTO MIapy, MOPYLICHHS SIKOTO
crioctepiraerbcs Maixke y 2/3 xpopux va CCO
Ta y NepeBaKHii OINBIIOCTI XBOPHX Ha €HJIO-
KpPUHHY O(TaIbMONAaTIIO, € BKpall BaXKJIMBUM
JUIST HOpMasTi3alii 3BOJIOKEHOCTI Ta TPOoQiku
noBepxHi oka [8—11]. BpaxoBytoun migBumieHy
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YYTIWUBICTh TKAHWH OKa, OCOOJIMBO y XBOPHX
Ha CCO g0 neskux GpapMakoJIOTiYHUX 3aC00iB,
3HAYHY IlepeBary B CXeMi JIIKyBaHHS BCe OLTBII
BiIIAfOTh IIpeIaparaM Ha OCHOBI IPUPOTHUX 3a
MOXOJP)KEHHSIM JIIF0UMX PEYOBMH Ta IIpenaparam
0e3 abo 3 MiHIMaJIBHUM BMICTOM KOHCEpBaHTa
[1,2-4,6,7]. CyuacHuii apceHan 3aco0iB s
nikyBanHss CCO po3MHpEeHO OYHUMHU KParuIIMH
Ha OCHOBI HPUPOJHOT MOJIEKYIH €KTOiHY, IO
MalOTh BJIACTHBOCTI BiJIHOBJIIOBATH JiNigHUN
CKJIQJ JTIIMITHOTO MIapy Ta cTabiabHICTh CIIHO30-
BOI IUIiBKH, 3ano0iratroun nporpecypantio CCO.

MeTa HamoOro MOCHIJKEHHS MPOBECTH
NOPIBHANBHUN aHali3 (YHKUIOHAJBHUX 3MiH
cabo3onpoaykuii y xsopux Ha CCO Tta enpo-
KPUHHOIO 0TAIBMOTIATI€I0 B YMOBaX TPUBAIOL
il 0€3KOHCEPBAHTHOTO MEIMKaMEHTO3HOTO
3aco0y Ha OCHOBI IPUPOAHOT PEUOBHUHU CKTOIHY.

METOJIUKA

OOcTexeHHs BKIIOYAIO NMepeaHio O0ioMik-
POCKOIII0 Ta JOCTIKEHHsI (yHKIIOHAIBHOTO
CTaHy CIB30MPOAYKUii 3 BUSHAUEHHSM SIKOCTI
CIIbO30BOI MJIBKM 32 MOKa3HUKaMH (II00-
pecLeiHOBOrO TECTy, 4acy pPO3PUBY CIi3HOI
IUTIBKA Ta CyMapHOI CIIbO30MPOnyKIlii (TecT
upmepa I). IMixg HArIsLA0M 3HAXOAUIUCS JIBI
rpynu namieHTis 1o 15 xinok (30 oueit) y KOxHiN
BIiKOM Bifl 35 10 53 pOKiB 3 KJIIHIYHUMH TPOSIBAMHU
CCO Ha ¢oHi ennoxkpunHoi odTasbMonarii
JIETKOT0 CTyneHs. Y xBopux | rpymnu Oymno npus-
HAa4YeHO OYHI KpaIuli MTY4HOI clIbo3u 3—4 pa3u
Ha aeHb, Il rpynu - oyHi Kpamniai Ha OCHOBI
ektoiny (EYE-t® 0,5% Ektoin, “Farmaplant”)
3—4 pa3u Ha aeHb npotsarom 30 1HIB.

PE3YJIbTATH TA IX OGTOBOPEHHS

Jo nikyBaHHS XBOpi 000X Ipyn BigMidalu
BiTYyTTsI CTOPOHHBOTO TiNa i TUCKOM(pOPT B
ovax. CTaH nepeaHbOi MOBEPXHI 0OKa BiATIOBIIaB
JmerkoMy cTymeHto 3axBoproBanHs CCO: rime-
peMisi 3 MOTOBIIECHHSM KOH IOHKTHBH OYHOTO
s0JlyKa Ta HWKHBOI MOBIKM 0€3 MaToJOTTYHUX
3MiH MOBEPXHI POTiBKM Ta HE3HAYHHMH CEKpeT
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MIHUCTOTO Xapakrtepy. Jo mpusHaueHHS JiKy-
BaHHs B 000X rpymnax npoda Illupmepa [ Oyna B
iarepsaii 4,0—10,0 MM, a yac po3puBy clli3HOL
MJIIBKYA KOJTUBABCA y Mexax 4-7 c.

[To 3aBepiIeHHI JIIKyBaHHSI, HE3BAYKAIOUHN Ha
30epeKeHHsl KIiHIYHUX MPOSIBIB €HIOKPUHHOT
odranbmomnarii, Bci XBOpi cy0’€KTUBHO BiJIMi-
YaJId 3HayHe MOKPALICHHS Ta 3MEHILIEHHS CKapT
Ha TOJpa3HEHHS Ta TiMmepeMito odel, mo Oyio
MiITBEPIHKEHO MaHUMHU OodTambMocKomii. 3a
pe3yibTaTaMu KiHIEBOT0 00CTEKEHHS KIJIbKICTh
0ci0 3 MO3UTHBHUMHU 3MiHAMH B 000X rpymnax
Oyna He OJHAaKOBOW: B | rpymi ymcno Takux
xBopux 30inpmuiocs 10 60% (9 3 15 ocid); B
II rpymi ix kingpkicTe Oyna Ha piBHI 93 %, o
Ha 33 % Oinbme, Hix y | rpyni. Pazom 3 uum
y II rpyni 6 3 15 xBopux (40 %) Bigmivanu
0/1y’KaHHA Ta BIIYYTTs HOBHOTO KOM(MOPTY 3 OOKY
oueit. [Tpu BU3HAYEHHI CyMapHOi CITHO30TIPOIYKITI i
OyJI0 BCTaHOBJICHO OIJbII iCTOTHE MOKpAIICHHS
y Bcix xBopux 3 Il rpymu, siki npotsrom 30 1i6
B)KUBAJIM OYHI KpaIlli HA OCHOBI €KTOIHY: 301JIb-
IICHHS CJIBO3OIPONYKINT Ha 2,5 MM, 3pOCTaHHS
iHTepBay 3HadeHb nmpodbu Illupmepa I B Mexax
6,0 — 12,0 MM Ta BUMIipy 4acy po3pHBY CIbO30BO1
mIiBku B Mexkax 6—11 c. B oci6 3 | rpynm, ne 3a
TaKUM CaMUM PEXKXMMOM 3aCTOCOBYBAJIH IIPEapaTH
HITYYHOI CJIbO3H, 3MiHM 3a3HAYEHHUX TOKa3HUKIB
Oy MEHIIMMU: 3POCTaHHS CIIbO3OTIPOIYKINiT Ha
2,0 MM mipu 301IBIICHH] iHTEpBaTY 3HAaUYEHb MPOOH
[Iunpmepa I B Mexax 5,0 — 11,0 mm, a gacy po3puBy
CITi3HOT IITiBKY B Mexkax 5,0 — 10 ¢ (Tabmuig).

3a pe3yJsibTaTaMH ONMTYBAHHS, HALI€HTHU 3
rpynu Il cnocrepiranu no0py nepeHOCUMICTb
OYHHUX Kpallejb Ha OCHOBI IPUPOIAHOI MOJIEKYIH
exktoiny (EYE-t Ektoin 0,5 %).

OtpumaHi pe3yabTaTu CBig4aTh MPO TEB-
Hi MO3UTHUBHI 3MiHHU CIHO30MPONYKIIIT Mmif
BIUIMBOM €KTOIHY, IIO MO3HAYUIOCS y 301Jb-
IIEHHI CIBO30MPOAYKIIii, MOKpAMEeHHI SKOCTI
Ta cTabiIbHOCTI CIbO30BOI IUTiIBKH y XBopux II
rpynu. Y HAX TaKOX CHOCTEPIraliy 3MEHIIECHHS
CUMIITOMIB HOJPa3HEHHs 3 OOKy mepenHboi
noBepxHi oka, a'y 40% ocib — B3arai BiCyTHICTb
rinepemii KoH FOHKTHBH. Ha Ham morisin OinbI
BHUpaXeH1 MO3UTHBHI 3MiHK y XBopux Il rpynn
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Omninka QyHKIIOHAIBHHUX 3MiH CIIBO3OMPO/YKILT TijT JTi€F0 OYHHX Kparielb

HopiBHsIbHMIT aHAJTI3 pe3yJbTaTiB J0CTiIKEeHHS

I'pynu 06CTe)XEHNX XBOPUX

BuxiaHi 3Ha4eHHS ITo 3akiHYE€HHI JOCIIHKEHHS
[ToxazHHUKH - - - -
I'pyna I (kpanni | I'pyma I (kpamni va | 'pyna I (kpami I'pyma II (kparmri
ITYYHOT CIIBO3H) OCHOBI €KTOIHY) HITYYHOT CJIbO3H) | HA OCHOBI CKTOIHY)
Tect
Hupmepa I, mm 4,0-10,0 4,0-10,0 5,0-11,0 6,0-12,0

Yac po3pHBY CIIi3HOT
MIiBKH, C 4,0-7,0

4,0-7,0 5,0-10,0 6,0-11,0

MICJIsL TPUBAJIOTO 3aCTOCYBAaHHS OUYHUX Kparelb
Ha OCHOBI €KTOIHY MOPIBHSHO 3 OOCTEXEHHSIM
Ta ONMUTYBAaHHIM XBOPHUX | rpymnu, siki BKUBaIu
3BOJIOXKYFOUi MTpeTapaTy MTYYHOI CIIbO3H, MOYKHA
MOSICHUTH K MTEBHUM MOKPAIIEHHAM CTPYKTYPH
1I1apiB CJIb030BOI IJTIBKH, 30KpeMa Inapy JimijiiB
BHACJIIJIOK BiJTHOBJIFOBAJIbHOI Jii €KTOIHY, TaK
1 3MEHIICHHSM IMOJPa3HIOBAJIbHOTO BIJIHBY
OYHUX Kpameib 3a BiJICYTHICTIO KOHCEPBAHTY.
[Ipo me cBimunth nokpamenas tecty lllupmepa
I Ta wacy po3puBy cni3HOi miIiBku. Bigomo, mo
MOJICKYJIN €KTOIHY € TIPOYKTOM KUTTEAISUTLHOCTI
aepoOHUX XeMOTeTepoTPOPHHX, TaIoPiIbHUX Ta
rajoTOJIEPAaHTHUX OaKTEpPiil B EKCTPEMaIbHOMY
3a TeMIlepaTryporo, piBHEM BOJIOTOCTI Ta COJIOHO-
CTi CepeloBHUINHU. 3a MUX YMOB €KTOiH HalyBae
0Cco0TMBUX 010XIMIYHUX BIACTHBOCTEH CTOCOBHO
JIIITHOTO APy CJIbO30BOI IUTIBKH, @ 3aCTOCYBaHHS
OYHUX Kpareiib Ha OCHOBI €KTOIHY MaTOT€HETHYHO
00I'PyHTOBAHO SIK 3BOJIOXKYBaJIbHUH 3aCi0, TaK 1 Ju1s
MOKpaIeHHs] (PYHKIIOHATBHOTO CTaHy MOBEPXHI
OKa 3a paxXyHOK BiJTHOBJICHHS JIIITiTHOTO IIapy.

H.H. BecenoBckas, U.B. Kepedxo

OIIEHKA ®YHKIUOHAJIBHBIX
W3MEHEHU CJIE3OIPOIYKIIAU MO/
JIEUCTBUEM I'JIABHBIX KAIIEJIb HA
OCHOBE INPUPOJTHOM MOJEKYJIBI
EKTOUHY M HCKYCCTBEHHOM CJIE3bI
Y BOJIbBHBIX CHUHIPOMOM CYXOI'O
TJIA3A HA ®OHE DHJIOKPUHHOM
OPTAJIBMOINIATHHA

ITpoBeseH CpaBHUTEIbHBIH aHANU3 (YHKIHOHAIBHBIX
U3MEHEHHMH CJIe30MPOAYKIUN y OOJBHBIX C CHHIPOMOM
cyxoro riasa (CCI') u sHpokpuHHOU odTanbmomnaTueit
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B YCJIIOBUAX JIUTEIBHOTO ﬂeﬁCTBHﬂ 663KOHCepBaHTHOFO
MEJMKaMEHTO3HOTO CPEJCTBa HAa OCHOBE NMPUPOJIHOTO
BemiectBa. Ob6cnenoansl 30 yeaoBek B Bo3pacte oT 35
1o 53 ner ¢ kiuHuueckumu nposisiaenusmMu CCIT Ha done
9HJIOKPUHHON O(TaNbMONATHH, KOTOPbIE pa3elieHbl Ha
nse rpynnsl. ITanuentam [ rpynnsl Ha3Havanu rias-
HbIE KallJld HAa OCHOBE MPUPOIHON MOJIEKYJIbl SKTOMHA, a
II — cne3ozamenutenn. O6cnenoBaHUEe BKIIOYAIO O0LIME U
crenuanbHbple (I0Ka3aTeNnn CIe30HPOIYKIIMU, BPeMs pa3-
pBIBa CJIE3HOU IUICHKH, CyMMapHasi CIe30MPOIYKIMH - TECT
HIupmepa I) metoas! uccnenosanus. Cpok HabmoneHus - 30
CyT. YCTaHOBJIEHO, YTO JJIMTENIbHOE NMPUMEHEHHE ITIa3HBIX
Kariesib Ha OCHOBE KTOMHA MPHUBOIUT K 00JIee BBIPAKEHHBIM
IMOJIOKUTECIIbHBIM U3MECHCHHUAM B COCTOSHUH IMOBEPXHOCTHU
rJ1a3a v OKa3aTessaX CIIe30IPOLYKIHH (yBEIHUCHIE BpEMEHN
paspbiBa CJIE3HOW IUICHKH, CyMMapHOW CJIC30MPOIYKIHU H
npo6s! [Ilupmepa 1) y Gospliero xoiaudecTsa JHI[ 3a CYET
BOCCTAHOBJICHUsI KayecTBa CJC3HOM IUIEHKH M OTCYTCTBHUS
KOHCEPBAaHTa, YeM I10CIe IPUMEHEHUSI CIIb0303aMEHUTEIICH.
KiroueBble clIoBa: CHHJPOM CyXOr0 Ijia3a; pasJpakeHHe;
9HJIOKPHUHHAs 0 TaIbMONATHS; [IPUPOHASI MOJICKYJIa IKTOMHA.

N.N. Veselovskaya, I.B. Zherebko

ASSESSMENT OF FUNCTIONAL CHANGES
TEARPRODUCTION UNDER THE ACTION OF
THE EYE DROPS ON THE BASE OF NATURAL
MOLECULE OF ECTOINE AND ARTIFICIAL
TEARS IN PATIENTS WITH DRY EYE SYN-
DROME ON THE BACKGROUND OF ENDO-
CRINE OPHTHALMOPATHY

Conducted a comparative analysis of functional changes in tear
production in patients with dry eye syndrome and endocrine
ophthalmopathy in the conditions of the long-term acting of
preservative free medications based on natural substances.
A total of 30 people, aged 35 to 53 years old with clinical
manifestations of DES on the background of EO were divided
on two groups. In I group eye drops of ectoine and in II —
artificial tears were administered. The examination included
general and specific methods. The term of follow up - 30 days.
It was found that long-term use of preservative free eye drops
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based on ectoine leads to more expressive positive changes
in the condition of the anterior surface of the eye and the
secretion and quality of the tear.

Key words: endocrine ophthalmopathy; dry eye syndrome;
irritation; natural molecule of ectoine.

Kyiv Medical University UAFM;
Kyiv City Eye Center, KCH Nel
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XPOHIKA

VII koHIrpec HayKOBOI0 TOBAPUCTBA NAaTO(]i3i0/10riB

Ykpainu

5-7 wostHst 2016 p. y m. XapkiB Ha 6a3i Ha-
IOHAJIBHOTO (hapMaIeBTHYHOTO YHIBEPCUTETY
BinOyBcs VII HanionaneHuii koHrpec natodisio-
J0TiB YKpaiHu 3 MixkHapoAHoto ydacTio «Ilaro-
(iziomoris i papmartis: MULIXH IHTETpaIii, TKIi
OyB NIPHUCBSIYCHUH I1aM’SIT1 IEPIIOTO TIPE3UICHTA
HaykoBoro ToBapuctBa marodisionoris Ykpai-
HU y HE3aJIeKHIH aepxasi - akagemiky HAH
Vkpainn Onekcito OnekciiioBuuy MoitOeHKy.
B opranizanii koHrpecy B3snu ydacth Hario-
HaJIbHA aKajaeMis Hayk YKpainu, HamionambHa
akaJjeMis MeIMUYHUX Hayk Ykpainw, MiHicTep-
CTBO OXOpOHHM 310poB’s Ykpainu, Haykose
TOBapHCTBO marogizionoriB Ykpainu, lncru-
TyT ¢izionorii imerni O.0. boromomsis HAH
Yxpainu, HamionanpHuid papMameBTHIHUHT
yHiBepcHuTeT Ta XapKiBChKUW HaliOHAJIbHUI
MeIM4YHU# yHiBepcuTeT. KoHrpec mpoxoauns
mijg aeBizoM iHTerpamnii natodisiosoriyuuoi ta
(dapmMaleBTUYHOT HAYKU.

VY poboti koHTpecy B3snu ydacTtb 250
yY9acHHUKIB (3 HUX 64 — meieraTu 3 IMPaBOM
rojocy) Bix 13 obmacreit Ykpainu, B TOMY 9HCII
PEKTOPH MEUYHUX BULIUX HAYKOBUX 3aKJIaJiB,
JUPEKTOPU HAyKOBO-JOCHIIHUX IHCTHTYTIB,
3aBijyBadi npodinbHUX Kadeap, ToIoBHU odac-
HUX TaTo(i3i0I0TIYHUX TOBApUCTB, MPOBiTHI
crierianicTd kaeap MeTMIHNX By3iB, HAYKOBO-
JOCTITHUX IHCTUTYTIB Ta yctanoB. Cepen nmpu-
CyTHiX Oynu | 4neH pagu MiXKHAPOJHOTO TOBa-
puctBa narogisionoris (mpod. A.B. Kyoumkin),
3 akan. HAHY ta HAMHY, 3 un.-xop. HARY,
HAMHY ta HAAHY, 35 nokxrtopiB Hayk, 62
KaHJIUJATH HayK.

HaykoBuii popy™m BiAKpHUB B.O. Mpe3HJICHTA
HaykoBoro ToBapucTBa narogisionoris Ykpainu,
akanemik HAMHY, un.-xop. HAHY O.I. Pes-
HikoB. Ha anpecy koHrpecy HaailIuIM BiTaHHS
Big Komitery BepxoBuoi Pagm Ykpainu 3 mutann
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oxopoHHu 310poB’s 3a nignucom O.B. boromo-
Jenp Ta Bij npesunenta HanionanbHoi akagemii
MEIWYHUX HayK Ykpainu akaz. B.1. [lumOamroka.
3 BiTaHHSMH Ta MOOAKAHHIMU ILJIIIHOT pOOOTH
3BEpHYJIUCS AUpeKTop [HcTHTyTy OioXimii im.
O.B. MNannanina HAH VYkpainu, akamemik-
cexpeTap BignisieHHs Oioximii, ¢i3iosorii Ta
MonekynspHaoi 6iomorii HAH VYkpainum, akan.
HAH i HAMH VYxkpaiau C.B. KomicapeHko,
B.O. Ha4YaJIbHUKA YIIPABIiHHS OXOPOHU 3JI0POB’ s
XapkiBcbkoi 001acHOI aep)kaBHOI aaMiHiCTpa-
uii ['M. Cipowran, pextop HaunionansHoro
(dapmaneBTHYHOTO yHiBepcutery, akajg. HAH
Vkpainu B.II, YepHux, 0popekTop 3 HAyKOBOI
poboTn XapKiBCHKOTO HAIIOHAJTBHOTO MEIHUY-
HOTO yHiBepcuteTy npod. B.B. M’scoenos ta
reHepaibHull cexperap YkpaiHChbKOro ¢izio-
JIOT14YHOTO TOoBapucTBa, A.0.H. JI.M. Illanosau.

Ha BigkpuTTi KOHTpecy MpUCYTHI BIIa-
HyBajawm mam’ sATh akagemika HAH VYkpainu
0.0. Moiibenka, skuii mpotsarom 23 pokiB OyB
npesugeHTom HaykoBoro toBapucTBa maro-
¢izionoriB Ykpainu. 3 gonosianto «MoitbeHko
0.0. - XuTTA B iM’ HAYKW» BUCTYIHB YJI.-KOP.
HAH VYkpaian B.®. Carau. Y mienapHiid go-
moBini akamemika HAMHY, wir.-kop. HAHY
O.T. Pe3nikoBa «AKTyaJIbHHH acIeKT MaTO-
¢i3ionorii: enireHeTHYHE MPOTrpaMyBaHHS
BPOJKEHOI MaTojorii» migkpecieHa cyTTeBa
pOJIb MpEHAaTAJIbHUX MAaTOT€HHUX YWHHHUKIB Y
PO3BUTKY €MIreHeTUYHO 3YMOBIEHHUX (PYHKITiO-
HaJIbHUX PO3J1aJiB HEHPOCHIOKPUHHOT Ta 1HIITHX
¢izionoriunux cucreM. Benukuil iHTEepec BU-
kiukana nonosiab akaga. HAHY B.I1. Uepnuxa
«be3neka JikiB — KaMepToOH Qapmamnii», B AKii
OyJnia po3ropHyTa CydyacHa KapTHHA AOCIiIKEHb
3 MiHiMi3allil pU3UKiB IPU 3aCTOCYBaHHI JIKiB
Ha OCHOBi MOTNMHOJIEHHS 3HAHb PO MEXaHI3MHU
ix nii. [IpuBepHynM yBary y4acHHKiB KOHI'PECY
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MJICHAPHI JOMOBiAl MPOBIIHUX YUYEHUX MPOQd.
H0.M. Konecnuka «PemoentoBanHs Miokapaa
MpU apTepiaibHiN TimepTeH3ii Ta IyKPOBOMY
niaberi: CTpyKTypHO-(QYHKIIOHATbHI MoOJe-
KyJISIpHO-TEHETHUYHI acmekTh», akag. HAH
VYkpainun A.M. lonbiieBa «Ilaronoriuni GpakTopu
PO3BHUTKY ayTOIMyHHHUX 3aXxBopioBaHb. CyuacHi
MiIX0AH A0 iX JikyBaHHs», Tpod. A.l. ['oxxenka
«CyuacHa Teopist XBOpOOH: CTaH Ta MEPCIEKTH-
BU», mpod. A.B. Kyonmkina «IlaroreHeHTHUHI
B3a€MO3B’S3KH TpH (GOpPMYyBaHHI OCHOBHHX
CUH/IPOMIB KPUTUYHHX CTaHiB», wi.-kop. HAMH
Ykpainu npod. O.M. [Mapxomenka «Kniniu-
Ha 1aTo(i3i0J0Tig y NpakTULl HEBIAKIALHOT
Kappionorii - mam’saTi akagemika HAHY O.O.
Moiibenka», mpod. B.€. Jocenka «KopBiTua
- HayCHIMHIMUNA yKpaiHChKHUN JTiKapChbKUU
3aci0: iCTOpis CTBOPEHHS Ta MEXaHI3Mu Jii» Ta
npod. M.O. Knumenka «Jlesiki cy4acHi acClieKTH
NATOTCHE3Y 3alajCHHs.

Ha 3 nnenapuux ta 12 cekmiifHuX 3acigaH-
HsX OyJ10 3aciyXxaHo i ooroBopeno 118 HaykoBux
JIOTIOBiJIeH, a TAKOX MpeacTaBiIeHO 96 cTeH-
noBux ta E-moctepHux momnoBinew, 3 skux 25
3po0MIIM MOJIOA1 BUCHI-TIaTO(}1310JI0TH.

Ha 3acinanasx posrispanucs HacTyIMHI
aKTyallbHI TPOOIEeMH: MOJIEKYIIPHO-TeHETHYHI
emireHeTHYHI MeXaHi3MH PO3BUTKY MATOJO-
TYHUX TPOIECciB i XBOPOO, cydyacHi ysSBIEHHS
IIOA0 MaTOTeHEe3y THIOBHUX MaTOJOTIYHUX MPO-
neciB (3amaneHHs, ayTOiIMyHH1 ypaKeHHS, IIOK
TOIIO), EKCIIEPUMEHTAJIbHI Ta MaTo(}i310J0T1HI
aCTeKTH YpaXXeHb PI3HUX OPTaHIB Ta CHCTEM
(ceprieBO-CynMHHOI, CHIOKPUHHOI, PEIPOTYK-
THUBHOT, HEPBOBOI Ta iH.), 3B’ 130K naTo(izionorii
3 (papMaLleBTUUYHUM CEKTOPOM Taiy3i OXOpPOHHU
310pOB’Sl.

3a 3MICTOBHI Ta 4yZOBO LIIOCTPOBaHI IO-
CTEepHI mOmMOoBimi Oynwm mpeMilioBaHI HAaCTYyIHI
mosoni Bueni: I1.IT. €pmypaki (M. Oxeca), 1.B.
Mapuenko (M. Cymu), JI.B. Tanysinceka (M.
XapkiB), H.C. Kpacnosa (M. Xapkis), H.51. Map-
TuHIOK (M. KuniB). 3 BenukuM ycmixom mponuia
BHUCTaBKa MoHOTpadiii, omyOIikoBaHUX TaTO-
¢iziomoramu Ykpainwu 3a 3BiTHIN nepion Bix VII
1o VII konrpecis HTITY (2012-2016pp.).
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Ha tperbomy muienapHomy 3acigaHHi nese-
raTH 3aciyXalld 3BiT Mpo isutbHicTh HaykoBoro
ToBapuCTBa MaroizionoriB Ykpainu (IomoBigad
akag. HAMHY, wi.-kop. HAHY O.T". Pe3nikoB)
Ta 3BIT peBi3iliHOI KoMmicii (gomoBinau mpod.
[.M. ManskoBcrka). [IpoBeneno Bubopu npas-
NiHHA Ta peBi3iiHOi kKoMmicii. IIpe3umenTom
HTITY o6pano 3.1.H.T. Ykpaiau, mpod. A.lL. T'o-
JKEHKA; Bille-pe3uACHTaMHU: 3 HAYKOBOI pOOOTH
— npod. B.€. Jlocenka, 3 Mi>KHapOIHOT IisijIb-
Hocti — npod. H.M. KoHoHeHKO, 3 HaBYaJIbHOL
po6otu — mpod. O.B. AramaHa, roJIoBOK pajau
crapiimme — akag. HAMHY, uin.-xop. HAHY
O.I'. Pe3nikoBa; BYCHUM ceKpeTapeM — mpod.
P.C. BacTpsiHOBA; TOJIOBOIO peBi3iiiHOI KOMicii
—pod. .M MaHBKOBCBEKY.

Jo cnucky mouecHux wieniB HTIIY Oymnu
BHeceHi BunarHi marodizionoru akaa. HAHY
i HAMHY I''M. byrenko, 4i.-kop. HAMHY
B.M €nbcrkuit, mpod. H.K. Kazumipko, mpod.
A.B. Kybumikin, npod. B.S. bepe3oBcrkuii Ta
npo¢. C.b. dpaniry3osa.

VY Mexax KoHrpecy Oylia mpoBelieHa Hapajaa
3aBinyBadiB kadenp martonorigHoi ¢izionorii
BMH3 Vkpaiau Ta xpyrnuit crin «l[Ilutanus
BUKJaJaHHsA maTodizionorii», Ha AKUX OyiI0
BUPINIEHO TOYaTH poOOTy MO CTBOPEHHIO
(¢oHIy 3arajJbHOHAIIOHAJIBLHOI 0a3U HAOYHOIO
Marepiany (MyJsKi, TECTH, JIeKLii, Bizeopinbmu,
METOANYl PEeKOMEHAIlil 3a MpeIMeTOM, Bijeo-
apxiB KIIACHYHHUX CKCIIEPUMECHTAITBHHUX 1O CITi-
)K€Hb TOII0), HAIIOHAJBHOTO MiAPYYHHKA 3
naTojoridyHoi (izionorii st CTYACHTIB BH-
moro ¢papMameBTUYHOTO HaBYAJIBHOTO 3aK-
nany i ¢papManeBTHUHUX (aKyJIbTETiB BHUIIMX
MEeIWYHUX HaBUaJIbHUX 3akiafiB III-1V piBHiB
akpenuTanii, a TakoXX CTBOPEHHS YMOB IJIs
BIIPOBAKEHHS KYpCY TUCTAHI[IHHOTO HAaBUAHHS
3 marosoriyHoi ¢izionorii.

CrinbHoTa natodizioaoriB BAsIYHA CIIOHCO-
paM, fKi MiATPUMYBaIH OpraHi3allilo Ta Mpo-
BEJIEHHS KOHTpecy: (apMareBTHUHIN KOoMIaHii
«3mopoB’s», bopmariBcbkomMy XiMmiko-dapma-
LEBTUYHOMY 3aBOJY, allTeUHIl Mepexi «9-1-1»,
TH)XHEBUKY «AnTteka», TOB «®apma Crapry,
¢dapmaneBTuuHii Komnanii «dito-JIek», XimMiko-
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bapmaneBTHUHOMY 3aBOAY «UepBoHa 3ipKay.

Marepianu xoHrpecy (58 crareii) omyOmiko-
BaHO B KypHanax «ExcriepuMeHTanbHa i KITiHIYHA
MEIMIIIHAY Ta « YKpaTHChKHH Oio(apMarieBTHIHII
KypHam» Ta 'y 30ipmi Te3 (253 Te3u TomoBiaei).

Konrpec nocTaHOBUB ITPOBECTH HACTYITHHH
mnesym HTITY y 2018p. (IIT kBaptan) y M.
[TontaBa na 6a3i BJJH3Y «Ykpainceka meanuna
CTOMATOJIOT1YHA aKaJAeMisi».

OprKoMiTeT KOHTPECy BUCIOBIIOE MHPY
noasiky pekropy HamionamsHoro gapmarnen-
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TUYHOTO yHiBepcuTeTy akagemiky HAHY
B.I1. Yepnux, 3aBigyBauy kadeapu NaToaoriyHol
¢izionorii HamionansHOro (hapmaneBTHYHOTO
yHiBepcutety npod. H.M. Kononenko, 3aBi-
nyBady kadenpu nmatonorigaoi diziomorii Xap-
KiBCHKOTO HAI[IOHAJIbHOTO MEJIMYHOr0 yHIBEp-
curery npo¢. O.B. Hikonaegiii Ta ciiBpoOiTHH-
kaMm kadenp marodizionorii, ki ZOKIaIH
BEJIMKUX 3YCHJIb JUISl YCIIIIHOTO MPOBEACHHS
VII HamionanpHOTO KOHTpecy maTodi3ioyioriB
VYkpainu.

Axan. HAMHY, un.-kop. HAHY O.I". Pe3Hikos,
ct.H.c. C.I. TTaBmoBHY
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Mam’sTi
Pycnana ®@egoposnya MakyabKiHa

21 Bepecus 2016 p. Ha 85-My poIli 3aKiHUYHUBCS
KUTTEBUH MIUIAX BUAATHOTO narodizionora Ykpai-
HU, OaraTopigyHOro 3aBiayBadya Kadeapu marosio-
riunoi ¢izionorii OnechbKoro HalioHAIBHOTO Me-
JUYHOTO YHIBEPCUTETY 3aciyKEHOTO Jisiua HayKH
1 TeXHIKH YKpaiHM, HJOKTOpa MEIMYHUX HAYK,
npodecopa Pycnana @egopoBnya MakynbKiHa.

VY 1955 p. P.®. MakyibKiH 3 BiI3HAKOIO
3akiHuuB OJNEChKUNM MEAUYHHUN IHCTUTYT IM.
M.I. [luporoBa i oTpUMaB JUIUIOM JIiKaps 3a-
TaJbHOTO MPOQLITI0, MiCIS YOr0 BCTYMHB 0
acIipaHTypH 00 BigoMoro Hewpodiziomora
npodecopa [Mmmuna MukomaitoBuaa Ceprona.
[Ticyst 3akiHYEHHS acipaHTypH 3aliMaB Mmocaay
acucTeHTa Kadenpu HopMaabHOI (i3ionorii pia-
Horo BH3.

Ha Ti poku mpuiiniucs mo4aTKoBi ycCHi-
xu Pycmana ®demopoBuya sk MalOyTHHOTO
HAyKOBIIS, BU3HAYHOTO Helipomarodizioora.
Bike Toni BiH OMaHOBYBaB HU3KY CKJaIHHUX

ISSN 0201-8489 Dision. scyph., 2016, T. 62, Ne 6

HEHUPOXipypridyHUX METOMHUK, MOCITIIKyBaB Me-
XaHI3MH POOOTH MO3KY 3 BUKOPHCTAHHSIM €lleK-
TpoeHiedanorpadiuHol METOIUKH, 30KpEMa,
BUKOPUCTOBYBaB MeXaHi3MH ()yHKI1OHYBaHHS
neaepeHTOBAaHOTO MO3KY, JUHAMIKY KipKO-
BOi Ta KipKOBO-TaJlaMi4HOI B3aeMOJii 3a yMOB
rTHO0KOTO aepEeHTHOTO «HETOBAHTAXKCHHS)
MO3KY IPHY HOTO HeWPOHAJIbHIH 130JIS1111, 8 TAKOXK
BHBYAaB KOMIICHCATOPHI MEXaHI3MHU MOPYIIEHb
GyHKIIH MO3KY Miciisi TOBHOI reMic(epeKTomii.
Ha migcraBi oTpuMaHuX pe3ynbTaTiB BiH Ballo
3axXUCTUB Y 1962 p. KaHAUAATCHKY AUCEPTAIIITO.

3 1965 mo 1969 pp. Pycnan ®emopoBud
npanioBaB JOIEHTOM KadeIpu HOpMaiabHOI
¢izionorii. [Iporsirom HacTymHux 30 pokiB
BiH OyB 3aBigyBaueMm kadenpu MmatoiaorivyHoi
¢izionorii OgechKOTO MEIHYHOTO IHCTUTYTY
iM. MLI. [Tuporosa. llle omHIM ITOTapyHKOM 01
s P.d. Makynbpkina Oynia 3ycTpiu ta Apyx0a
3 akajgemikoMm Pociiicekoi AMH npodecopom
I"M. KpmxaHOBCHKUM, y TOAAJIBIIIH CHIiBIpaL 3
SKUM Ha 0a31 TpUHITUITY AeTePMiHAHTH Ta Teopii
TeHEpPaTOPHUX, NCTCPMIHAHTHUX 1 CHCTEMHHX
MEXaHi3MiB HEBPOIATOJOTIYHUX CHHIPOMIB
OyJii CTBOPEHI HOBI MO/IeJI1 MIJICIITHYHOTO CHH-
apomy. Huska npoBeieHuX 10 CiKeHb HaJalu
MOYKJIMBICTB Pa3oM i3 KoJleraMi OTPUMAaTH MPHH-
LUIIOBO HOBI JJaHI CTOCOBHO MaTOr€HETHYHO]
Teparnii 0CTaHHBOTO.

IIpexpacHo 3Hatuu marodizionorio Ta
Heliponatodizionorito, P.d.MakynbkiH pa3zom
i3 KoJlerTaMu PO3KPUB YHCIEHHI MEXaHi3MU
JiSJIBHOCTI LEHTPaJbHOI HEPBOBOI CUCTEMH 32
yMOB HOpMH Ta marosorii. [1ix fioro kepiBHHUIT-
BOM CITiBpOoOiTHUKH Kadeapu maTodizionorii
OTpUMAaJH JAaHi, SKi Bifirpaiau 3HaYHy POJIb y
CTBOPECHHI HOBOTO HAmNpsIMKy B OiOMeIWYHIN
Hayli — 3aranabHoi narodizionorii HepBOBOI cH-
cremu. [loniOHiI HaykoBi po3poOKH, MOAANbIIA
criBopans 3 [HcTUTyTOM 3aranbHOI maroJorii
Ta MaTOJOTIUHOI (Pi31070Tii CIPUAIN BIAIOMY
3aXHMCTY JOKTOpPChKOI auceprarii y 1982 p.

Haykogi npani Ta Bunaxonu P.®d.Maxkynbkina
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BiJIMIYEHI JIep)KaBHUMU HATOPOJIaMU. Moro Teo-
PEeTHYHI Ta eKCIePUMEHTAJbHI JOCIiIKEHHS
Jlalld 3MOTY PO3POOUTH Ta BTUTUTH B KIHIYHY
MPaKTUKy OpPHUTIHAJIbHI METOAW HiarHOCTHKH
Ta KOMILJIEKCHOI Tepalii CyAOMHOTO CHUHIPO-
Mmy. Bararo pasiB P.d.MakynbkiH npeacTaBisiB
BITUM3HSIHY HayKy Ha MIXKHapOAHUX KOHTpecax
Ta cumno3iymax. ¥ 1989 p. oMy mpuCBOEHO
MovYecHe 3BaHHS «3acilyKeHHH Iisf4 HayKH i
TeXHIKH YKpainwm». [lig HayKoBUM KEpiBHHIIT-
BoM P.®.MakynpkiHa Oyno MmiATOTOBIEHO Ta
3aXHUIIEHO 4 JIOKTOPChKI Ta 24 KaHIHJATChKI
nuceprauii. Bin € aBropom 350 HaykoBHX ITpailb,
B TOMY 4ucii 5 MoHoTpadiif Ta 5 aBTOPCHKHUX
CBIIOLTB Ha BUHAXOAU

IIpodecionan HaWBUIIOTO PiBHS, BUCHUHN 3
9iTKO BUPAKEHOIO )KUTTEBOIO TTO3UII€I0, TIepe-
KOHAHHSIMH 1 IPUHIIUIIAMH, SKUM BiH HIKOJIH
He 3paJKyBaB, JIOJMHA 3 HaA3BHYAHHOIO 1H-
Tyini€ro i He3BUYailHUM TaKTOM, IPUCTPACHO 1
HECTPUMHO 3aKOXaHa B JKUTTS, BIH CTaB Jije-
poMm i aBTopuTeToM B Hayii. Jlymky Pycnana
degopoBruya 3 caMUX Pi3HUX MUTAHb 3aBXKIU
JKajaiau Ji3HaTucs Horo Apysi, KOJIETH, y4Hi
Ta MOCHiIOBHUKH. Benauka KilIbKicTh HayKo-
BUX ifeil, skumu Pycian @enopoBuy roTOBUM
OyB IIEpO MiTUTHUCS, TOCTINHO MPUTSITyBaja
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70 HBOTO HE JIMIIE eKCIEPUMEHTATOPIB, a |
KJIHIIMCTIB Pi3HUX Tally3eil HayKH.

Pycian @enopoBuy 3aliMaB akKTUBHY KUTTE-
BY Ta TPOMAJICHKY MO3UIi10, BAKOHYBAB 3HAYHHH
obcsir pobdoru. Bin OyB wieHOM penakiiiiHUX
pal HU3KU HAYKOBHUX JKYpDHANiB, cepel SIKHX
«®Dizionoriynuii ;kypHam», « KypHan naronoriu-
HOT1 (i3i0JI0Tii Ta eKCIIEPUMEHTAIBHOT Teparii»,
«OnechKkrii METUIHUN KypHAD», a TAKOXK Uie-
HOM cCIIeIliari3oBanoi BueHoi paau npu Oxech-
KOMY JIep)KaBHOMY METUYHOMY YHIBEPCUTETI Ta
[HCTUTYTI OYHUX XBOPOO Ta TKAHWHHOI Tepamii
iM. akan. B.I1.dimarosa.

HayxoBe ToBapucTBo marodizionoris Ykpai-
HU, KOJIETH Ta Y4HIi, CIIBpOOITHUKHU Kademapu
3arajbHOI Ta KJIIHIYHOT MaToJoriuyHoi (i3ioso-
rii im. mpod. B.B. [lixBucouskoro Onecbkoro
HaLiOHAJBHOTO MEIUYHOTO YHIBEPCUTETY, BCS
HayKoBa TPOMaJICbKICTh ITTHOOKO CyMy€ 3 IpH-
Boxy cmepTi Pyciiana @enopoBrua MakynbkiHa
Ta BEJIMKOi BTPATH A BITYM3HIHOT maTodizio-
JIOT1YHOT HAayKH.

Csitna nam’sth npo Pyciana @enopoBuua
— B1I0OMOT0 BUE€HOTO, LIUPY, A0OPY, UyHHY, Taja-
HOBUTY JIIOIUHY, TIOAHHY-IOCMIIIKY, Ha3aBXIH
3aJUIIATLCS B CEPIX BISIHUX yUHIB, APY3iB,
KOJIET 1 BCiX THX, XTO CIIJIKYBaBCs 3 HUM.
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