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BBEJEHWUE

Nuemuueckas 6osesns cepaua (MbC) spisercs
HanOoJjiee pacrpoCTpaHEHHONW IMAaTOJIOTMEN B CTPYK-
Type CeplAeYHO-COCYIUCThIX 3abojieBaHuii. MieMus
SIBJISIETCS TPUITEPOM IS BOBHUKHOBEHMSI Hapylle-
Huit putma cepaua (HPC), tpeOyomumx mMmIniaH-
Tallud KapaumoBepTepoB-neuopmisaTopoB. DyHK-
LIMOHMPOBAaHNE KapAUOMHUOILIMTOB TECHO COIPSIKEe-
HO C JbIXaTeJbHBIMU MpoOLEccCaMU B MUTOXOHAPUSX
(MTx). B HopMme Bce MTX B opraHu3Me 4ejioBeKa He-
CyT OJMHAKOBbII TeHOM — MUTOXOHApUaibHy0 JTHK
(MTIIHK); cooTrBeTCTBEHHO, (DYHKIIMOHAJIbHbIE BO3-
MOXHOCTH BceX MTX B mpenejiax opraHu3Ma CXOXHM.
HocurenbcTBO OaMMOpP(GHBIX BApUAHTOB F€HOB, KO-
JTUPYIOLIUX CYObEeAMHULBI KOMILIEKCOB IbIXaTeJIbHOM
uenu 1 pPHK, MoxeT oTpaxkarbcst Ha GyHKIIMOHAIb-
HBIX BO3MOXHOCTIX MTX.

LENb

M3yyuTh apixatebHyl0 QYHKUIUIO MUTOXOHIAPUI
U ocobeHHOoCTh MuTOXOHApUabHoM JIHK neiikonu-
TOB OOJIbHBIX MILEMUYECKOI 0O0JE3HBbIO cepala, CO-
MIPOBOXKIAIOIIEICS KMU3HEYTPOXKAIOIIMMUI HAPYIIEH -
SIMM pUTMa Cepalia.

MATEPUWAJbI U METO[bI

IIpousBoaunu 3abop mnepudepruueckoin BEeHO3-
Hoii kpoBu y nauueHToB ¢ UBC (n = 45) u UbBC ¢
HPC (n = 120). MTx nnonyyanu auddepeHunaibHbIM
LEeHTpU(yrupoBaHUEM B IpalueHTe caxapo3bl. M3-
Mepsii cKOpocTu moTtpedsieHust kuciaopoga (CITK)
(HM O,/Mun/mr 6e1ka) MTX B IByX SHEPreTUYECKUX
COCTOSIHUSIX: V3 — Hajiuuue B MHKyOallMOHHOM Oy-
depe cybcTpara(oB) okucieHus: u cyocrpara docdo-
punupoBanus (AIP); V4 — mocie n3pacxomoBaHUS
AJI® B Oydepe. B xauecTBe CyOCTpaTOB OKHCIECHUS
KCIOJIb30BAJIM CYKILIMHAT M CMECh ITMpyBaTa U MaJjaTa.
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s olleHKM (pyHKUIMOHAJBbHOTO pe3epBa MTx ormpe-
nenstiu CITK B mpUCYTCTBUM U B OTCYTCTBMM HacChI-
1eHHOU najibMUTMHOBOW KuciaoTel (ITK) B Oydepe.
PaccuutbiBanu koad@UIIMEHT CONPSIKEHHOCTU OKUC-
JINTEJIbHBIX TIPOLIECCOB U (PpocHOpUIMpPOBaAHUS — JIbl-
xareabHbli KoHTposb (JIK) (V3/V4). YcranasinuBa-
g rarorpynny MTJHK, a Takxke HOCUTENbCTBO T10-
JIMMOP(HBIX BAPMAHTOB T€HOB, KOAUPYIOIIUX CyObe-
JUHUILBI KOMILIEKCOB JIbIXaTeJbHOM LN U pudocCo-
MaiabHoii PHK (pPHK) (12S u 16S cyObeauHuULIbI).
CTaTUCTUYECKYIO OLIEHKY MPOBOAWIM B IMpOrpaMme
Statistica 13 (StatSoft Inc., CIIIA) ¢ nmpuMeHeHUEM
KputepueB MaHHa — YUTHM IUIs1 HE3aBUCUMBIX BbI-
00poK 1 BuiakokcoHa — [Jig 3aBUCUMBIX TPYIIT AaH-
HbIX. JlTaHHbBIE MPenCcTaBIeHbl B BUAE MeIUaH U KBap-
et (Me (QI1; Q3)). CrarucTuyecku 3HAYMMbIMU
CUUTAIUCH pazinuus npu yposHe p < 0,05.

PE3YJIbTATbI

CIIK B V3, V4 u IK muroxonapuii npu MUbC
u MbC ¢ HPC He uMenun cTaTUCTUYECKU 3HAYMMBIX
paznuuuii B oboux Oydepax 6e3 IIK. Ilpu BHece-
Huu I1K B Oydep HabI01a10Ch 3HAUUTEIBHOE YBE-
suyeHue CITK y MTX nalueHTOB ¢ M30JMPOBAHHOM
MBC. Tak, B coctossHuu V3 CIIK B nupyBaT-manar-
HoM Gydepe Bo3pocia co 127,7 (85,3; 196.4) no 198,3
(162,7; 234,9) uM O,/mun/mr Genka (p = 0,04),
a B coctossHun V4 — ¢ 46,6 (38,5; 56,3) no 64,4 (60,3;
87,7) uM O,/mun/mr 6enka (p = 0,02). ITpu ucnons-
3oBaHuM cyKuuHatHoro oydepa u ITK CITK mutroxoH-
JIpUii MallMeHTOB ¢ HeocoxHEHHON MBC yBennuu-
J1ach He3HaunTesbHO (p = 0,07) — ¢ 125,5 (64,4; 172,3)
no 184,3 (47,3; 406,3) u ¢ 44,2 (27,5; 71,9) no 86,1
(36,9; 159,4) uM O,/mun/mr 6enxa B V3 u V4 coor-
BeTcTBeHHO. B rpynne MBC ¢ HPC no6asnenue ITK
B Oydep He orpasusioch Ha CITIK B V3 u V4, a tak-
ke K npu ucnosnb3oBaHuu oboux 0ydepo. I'eHo-
tunupoBaHue MTIAHK ycraHoBu10, 4TO OCHOBHOI
ramorpynnoii y nauueHtoB ¢ UbC u HPC gsnsier-
ca ramtorpynma H (41 %). B 90 % ciyuyaeB nauueH-
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Thl JAHHOU I'PYINbl ObLIM HOCUTEISIMU MUCCEHC-T10-
nmumopduzmos reHoB 16S pPHK, uro coorHocutcst
¢ 0osnee paHHuMU ucciaenoBaHussMu MTIIHK 6osb-
HbIX HeocaoxHEHHOU MBC. IIpakTuyecku B IOJI0OBU-
He cayyaeB y 6osbHbIX UBC ¢ HPC BbIsSIBIIEHBI TT0-
mmumopdubie BapuanTel TPHK. Pexe (menee 40 %)
00OHAapYXeHbl MUCCEHC-TTOJMMOPGU3MBI TeHOB I KOM-
riekca asixateabHoi 1enu. [Hoammopdusmbl reHOB
nuroxpoma B, nutoxpom ¢ okcunasel, AT®-cuHTa3bI
u 12S pPHK okazanucb MUHOPHBIMM 1O 4YacTOTE
BCTpeyaeMOCTH. YacTOThl BCTPEUaeMOCTH BCEX yKa-
3aHHBIX MMOJUMOPGHBIX BAPUAHTOB T€HOB OKAa3aJINCh
CXOXXMMU C TAKOBBIMU Y MALIMEHTOB C HEOCTOXHEH-
Hoii UbC. MtIHK namuentoB ¢ HPC B 1,5 pasa
yale MMesla MHOXKXECTBEHHBbIE MUCCEHC-TIOJIUMOP-
¢du3Mbl B reHax O€JIKOB JBYX pPa3HbIX KOMILIEKCOB
JbIXaTeJbHOU 1enu. I reHOB ¢ MUCCEHC-3aMeHa-
MM B TPEX KOMILJIEKCaX U 3aMeHaMM OJHOBPEMEHHO

B 12S u 16S pPHK pasznuuus Mexay rpyrmnamu co-
craBwim 1,6 u 1,7 pasa.

3AKJTIOYEHUE

IMauumentsl, umeromne MBC, ocnoxuénnyio HPC,
XapaKTepU3YyIOTCS CHIDKEHHBIM (DYHKIIMOHATBHBIM pe-
3¢pBOM MUTOXOHAPUI B OTJINYME OT IMAIlEHTOB C He-
ocioxHeéHHoit MBC. BT1o MoXeT ObITh OOyclioBIe-
HO HOCHUTEJIbCTBOM TMOJUMOPMHBIX BAPUAHTOB T€HOB
MTIHK, OTBEeTCTBEHHBIX 32 KOAMPOBAaHUE CyOBEIMHNLL
0O€JIKOB 2JIEKTPOH-TPAHCMOPTHOM LENMU MTX U MUTO-
xoHapuainbHbix pPHK. Takxe y mauueHtoB ¢ UbC
u HPC B cpaBHeHMU C MallM€HTaMU C HEOCJIOXHEH-
Hoit UBC yalie BBISIBASJIOCHh COUETAHHOE HOCUTEJb-
CTBO HECKOJBbKUX MOJUMOP(HBIX BAPUAHTOB I'€HOB,
KoaupyoluX ykazaHHble oeaku u pPHK.
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BACKGROUND

Ischemic heart disease (IHD) is the most com-
mon pathology in the structure of cardiovascular
diseases. Ischemia is a trigger for the occurrence
of cardiac arrhythmias, requiring the implanta-
tion of cardioverter-defibrillators. The functioning
of cardiomyocytes is closely associated with respir-
atory processes in mitochondria. Normally, all mi-
tochondria in the human body carry the same ge-
nome — mitochondrial DNA (mtDNA), respective-
ly, the functional capabilities of all mitochondria
within the body are similar. Carriage of polymor-
phic variants of genes encoding subunits of respirato-
ry chain complexes and rRNA may affect the func-
tionality of mitochondria.

THE AIM

To study the respiratory function of mitochondria
and the features of mtDNA of leukocytes in patients
with IHD, accompanied by life-threatening cardiac
rhythm disorders.

MATERIAL AND METHODS

Peripheral venous blood was taken from patients
with IHD (n = 45) and IHD with cardiac rhythm dis-
orders (n = 120). Mitochondria were obtained by dif-
ferential centrifugation in a sucrose gradient. Mito-
chondrial oxygen consumption rates (nM O,/min/mg
protein) were measured in two energy states: V3 —
the presence of oxidation substrate(s) and phosphoryl-
ation substrate (ADP) in the incubation buffer; V4 —
after the consumption of ADP in the buffer. Succi-
nate and a mixture of pyruvate and malate were used
as oxidation substrates. To assess the functional reserve
of mitochondria, oxygen consumption rate was deter-
mined in the presence and in the absence of saturated
palmitic acid in buffer. The coefficient of conjugation
of oxidative processes and phosphorylation was calcu-
lated — respiratory control (V3/V4). The mtDNA hap-
logroup was established, as well as the carriage of poly-
morphic variants of genes encoding subunits of the res-
piratory chain complexes and ribosomal RNA (rRNA)
(12S and 168 subunits). Statistical evaluation was car-
ried out in the Statistica 13 (StatSoft Inc., USA) pro-
gram using the Mann — Whitney test for independ-
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ent samples and the Wilcoxon test for dependent data
groups. Data are presented as medians and quartiles
(Me (Q1; Q3)). Differences were considered statisti-
cally significant at p < 0.05.

RESULTS

Oxygen consumption rates in V3, V4 and res-
piratory control of mitochondria in IHD and IHD
with cardiac rhythm disorders did not have signifi-
cant differences in both buffers without palmitic acid.
When palmitic acid was added to the buffer, a signif-
icant increase in oxygen consumption rates was ob-
served in mitochondria of patients with isolated IHD.
Thus, in the V3 state, oxygen consumption rates in pyru-
vate-malate buffer increased from 127.7 (85.3; 196.4)
to 198.3 (162.7; 234.9) nM O,/min/mg of protein
(p = 0.04), and in the V4 state — from 46.6 (38.5; 56.3)
to 64.4 (60.3; 87.7) nM O,/min/mg protein (p = 0.02).
The use of succinate buffer and palmitic acid, the mi-
tochondrial oxygen consumption rates in patients
with uncomplicated IHD increased slightly (p = 0.07)
from 125.5 (64.4; 172.3) to 184.3 (47.3; 406.3)
and from 44.2 (27.5; 71.9) to 86.1 (36.9; 159.4)
nM O,/min/mg protein in V3 and V4, respectively.
In the group of IHD with cardiac rhythm disorders,
the addition of palmitic acid to the buffer did not af-
fect the oxygen consumption rates in V3 and V4, as well
as respiratory control when using both buffers. mtD-
NA genotyping found that the main haplogroup in pa-
tients with IHD with cardiac rhythm disorders is haplo-
group H — 41 %. In 90 % of cases, patients in this group
were carriers of missense polymorphisms of 16S rRNA

genes, which correlates with earlier studies of mtDNA
in patients with uncomplicated IHD. In almost half
of the cases, tRNA polymorphisms were detected in pa-
tients with IHD with cardiac rhythm disorders. Rarely
(less than 40 %), missense polymorphisms of the respir-
atory chain complex I genes were found. Polymorphisms
of the genes for cytochrome B, cytochrome C oxidase,
ATP synthase, and 12S rRNA turned out to be minor
in frequency of occurrence. The frequencies of occur-
rence of all these polymorphic variants of the genes
were similar to those in patients with uncomplicated
IHD. The mtDNA of patients with cardiac rhythm dis-
orders was 1.5 times more likely to have multiple mis-
sense polymorphisms in the protein genes of two dif-
ferent respiratory chain complexes. For genes with mis-
sense substitutions in three complexes and substitutions
simultaneously in 12S and 16S rRNA, the differences
between the groups were 1.6 and 1.7 times.

CONCLUSION

Patients with IHD complicated by cardiac rhythm
disorders are characterized by a reduced functional re-
serve of mitochondria, in contrast to patients with un-
complicated IHD. This may be due to the carriage
of polymorphic variants of the mtDNA genes respon-
sible for coding subunits of proteins of the mitochon-
dria electron transport chain and mitochondrial rRNA.
Also, in patients with IHD and cardiac rhythm disor-
ders, compared with patients with uncomplicated IHD,
the combined carriage of several polymorphic vari-
ants of the genes encoding these proteins and rRNA
was more often detected.
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