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Ischemic preconditioning (IPC), brief episodes of ischemia and reperfusion, is known to activate endog-
enous protective mechanisms against ischemia-reperfusion (IR) injury. Despite extensive studies, the role
of hydrogen sulfide (H,S) produced in mitochondria by 3-mercaptopyruvate sulfurtransferase (3MPST) in
IPC remains unknown. The aim of this study was to investigate the effect of o-carboxymethylhydroxylamine
(OCA), a mitochondrial H,S synthesis inhibitor; on recovery of cardiac function and mitochondrial mem-
brane integrity after ex vivo IPC and IR. The experiment was performed on 44 male Wistar rats divided
into four groups: control; IR; IPC + IR; and OCA (50 mg/kg, i.p.) + IPC + IR. After recording cardiac
function using the Langendorff apparatus, cardiac mitochondria were isolated and subjected to a swelling
test. OQur results demonstrated that OCA reduced left ventricular developed pressure, dP/dt ., and coronary
flow, and simultaneously increased the oxygen cost of myocardial work. Moreover, OCA abolished the car-
dioprotective effect of IPC, impairing the recovery of contractile activity and enhancing inefficient oxygen
utilization in the ischemic myocardium. IR mitochondria showed a 1.54-fold increase in swelling amplitude
in Ca®*-free medium, which was reduced by 15% in the IPC group. OCA increased the swelling amplitude
1.6-fold compared to IPC (even in Ca’*-free medium) and 1.36-fold compared to IR. Notably, mitochondria
from the OCA-treated group were insensitive to Ca’* at all tested concentrations (10~%-107% mol/l). These
Jfindings suggest that inhibition of mitochondrial H,S production impairs IPC mechanisms responsible for
preservation of energy production and proper Ca’* handling during reperfusion. Thus, H,S generated by
3MPST appears to play a crucial role in maintaining mitochondrial stability and mediating IPC-induced
cardioprotection against IR injury. These results may have potential implications for pharmacological
targeting of H,S signaling pathways.
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INTRODUCTION

In 2026, it marks the 40th anniversary since
Murry, Jennings, and Reimer first reported the
phenomenon of ischemic conditioning of the
heart [1]. Paradoxically, a series of brief ischemic
episodes, termed ischemic preconditioning
(IPC), increases myocardial resistance to
subsequent prolonged ischemia. IPC is a
powerful cardioprotective strategy with potential
clinical applications in organ transplantation,
cardiac surgery, and other surgical interventions
aimed at limiting ischemia—reperfusion (IR)
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injury caused by the restoration of oxygenated
blood flow to previously ischemic tissues [2].

An enormous number of studies have been
conducted to reveal the molecular mechanisms
of IPC with the goal of their pharmacological
recruitment. It is now well established that [PC
involves multiple signaling pathways, including
the Reperfusion Injury Salvage Kinase (RISK)
pathway, the Survivor Activating Factor En-
hancement (SAFE) pathway, AMP-activated
protein kinase, protein kinase Ceg signaling,
HIF-1 signaling, and others [3, 4], most of which
converge on the mitochondria.
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It has been widely demonstrated that IPC pro-
vides its protective effects by preventing structural
disintegration of mitochondria associated with mas-
sive opening of the nonspecific, cyclosporine A-
sensitive mitochondrial permeability transition pore
(MPTP) during reperfusion [5-8]. In IR, prolonged
and extensive opening of the MPTP is triggered by
high intracellular concentration of Ca*" ions and
reactive oxygen species (ROS) [8, 9]. Irreversible
opening of the MPTP results in mitochondrial swell-
ing, proton (H") leakage, dissipation of the proton
gradient, and a sharp decline in mitochondrial
membrane potential. Consequently, mitochondria
shift to an uncoupled state, characterized by a dra-
matic reduction in ATP production and wasting of
O, as ROS.

Energy deficiency impairs ATP-dependent
channels and pumps, such as K™-ATP chan-
nels, Na*/K"-ATPase, and SERCA, which are
essential for maintaining intracellular ionic
homeostasis. ATP depletion and alterations in
ion concentration in different compartments of
cardiomyocytes affect contractility and relax-
ation of IR myocardium. Antioxidants (such
as coenzyme Q precursors, ferrostatin-1, and
MitoQ), direct MPTP inhibitors (e.g., cyclospo-
rin A), as well as IPC itself, prevent excessive
mitochondrial swelling and energetic collapse
at reperfusion [7, 9, 10]. In addition, inhibition
of MPTP opening is essential for preventing
cytochrome c release and apoptotic cell death
in IR [11, 12].

Hydrogen sulfide (H,S) is an endogenous
gaseous transmitter that exerts multiple ef-
fects on the cardiovascular system. Under
physiological conditions, H,S participates in
vasorelaxation by activating soluble guanylyl
cyclase, which synthesizes cGMP from GTP
and facilitates its activation by nitric oxide (NO)
[13]. In mitochondria, H,S acts as a modulator
of mitochondrial function, stimulating bioen-
ergetics through an increase in NAD™ levels,
contributing to O, sensing and mitochondria
biogenesis [14, 15].

H,S is produced by three enzymes: cysta-
thionine B-synthase (CBS), cystathionine y-lyase
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(CSE), and 3-mercaptopyruvate sulfurtransfer-
ase (3MPST) along with cysteine aminotrans-
ferase (CAT). While CBS predominates in the
brain and nervous system, CSE and 3MPST/
CAT are localized in the heart and vascular
endothelium [16, 17]. It has been demonstrated
that H,S produced by 3MPST/CAT supports
basal physiological cellular bioenergetic func-
tions [18, 19]. However, little is known about
the physiological role of H,S of mitochondrial
origin. We hypothesized that H,S produced
by 3MPST/CAT within mitochondria plays an
important role in the cardioprotective effect of
IPC through modulation of the MPTP.

The aim of this study was to investigate
the effect of o-carboxy-methyl-hydroxylamine
(OCA), a mitochondrial H,S synthesis inhibitor,
on recovery of cardiac function and mitochon-
drial membrane integrity following ex vivo IPC
and IR. Here, we demonstrate that inhibition of
3MPST/CAT with OCA attenuates the cardio-
protective effect of IPC, impairing the recovery
of Langendorff-perfused rat heart function after
IR, and is associated with dysregulation of the
MPTP and the ability of mitochondria to main-
tain Ca®>" homeostasis.

METHODS

All experiments were performed in accordance
with the International Principles of the European
Convention for the Protection of Vertebrate
Animals (Strasbourg, 1986), the Animal Pro-
tection Act No. 3447-1V (2006), and Directive
2010/63/EU of the European Parliament and of
the Council on the protection of animals used
for scientific purposes (22 September 2010). The
study protocol was approved by the Bioethics
Committee of Bogomoletz National Medical
University (Protocol No. 1/26, dated 11 February
2026).

A total of 44 male Wistar rats, aged 6 months,
with a mean body weight of 355 g were included
in the study. Animals were kept on a standard
vivarium diet at Bogomoletz Institute of Physiolo-
gy (Kyiv, Ukraine), housed 4-5 per cage with
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free access to food and water. The animals were
randomly assigned to four groups: group 1: IR
(n=14); group 2: IPC and IR (n = 12); group 3:
o-carboxy-methyl-hydroxylamine hemihydro-
chloride (OCA), IPC and IR (n = 6); group 4:
control (hearts were perfused on the Langendorff
apparatus without any interventions, n = 12).

OCA (synonym: aminooxyacetic acid;
“Sigma-Aldrich”, USA, #C1340; 50 mg/kg), an
inhibitor of mitochondrial H,S production, was
dissolved in 0.4 ml of 0.9% NaCl and adminis-
tered intraperitoneally 30 min prior to sacrifice.
The other groups received an equal volume of
0.9% NaCl. The study protocol is summarized
in Fig. 1.

The Langendorff technique was performed
as described previously [7]. Briefly, after de-
capitation and thoracotomy, the hearts were rap-
idly excised, the aorta was cannulated, and the
coronary vessels were perfused under constant
pressure with non-recirculating (37°C) Krebs—
Henseleit buffer (mmol/l): NaCl — 118; KClI
- 4.7, MgSO, - 1.2; NaHCO, - 24; KH,PO, -
1.2; glucose — 10; CaCl, - 2.5; pH 7.4, aerated
with a gas mixture (95% O,, 5% CO,).

Continuous monitoring of cardiac contrac-
tility was performed using a water-filled latex
balloon inserted into the left ventricle and
inflated to maintain the end-diastolic pressure
(EDP) at 5-10 mmHg. The balloon was con-
nected to a tensosensor (“Elema”, Sweden), an
analog-to-digital converter, and a PC equipped
with Global Lab software. Left ventricular de-
veloped pressure (LVDP), EDP, the maximum
(dP/dt_, ) and minimum (dP/dt . ) values of the

Group  Treatment

first derivative, and heart rate were calculated.
Coronary flow was determined as the volume of
perfusate passing through the heart per minute.

Oxygen tension in inflow (‘arterial’) and
outflow (‘venous’) perfusate samples was
measured using a gas analyzer (Radiometer
BMS3Mk-2, Copenhagen, Denmark). Oxygen
consumption was calculated according to the
Neely formula [20]. The oxygen cost of myocar-
dial work (OCMW) was expressed as the ratio
of oxygen consumption to cardiac work (LVDP
x heart rate).

After 20 min of equilibration, baseline
parameters were recorded, and the hearts were
subjected to the IR protocol with or without
IPC (three cycles of 5 min ischemia followed
by 5 min reperfusion) (Fig. 1). After 40 min
of reperfusion, hearts were removed from the
Langendorff apparatus, washed in cold (4°C)
0.9% KCI, and homogenized in isolation buf-
fer (mmol/l): sucrose, 250; EDTA, 1; Tris-HCI,
25; pH 7.4. Mitochondria were isolated by dif-
ferential centrifugation: first, at 700g for 8§ min
at 4°C to pellet nuclei and cell debris, followed
by centrifugation of the supernatant at 11,000g
for 16 min at 4°C to obtain the mitochondrial
fraction. The mitochondrial pellet was resus-
pended in medium (mmol/l): sucrose — 250;
Tris-HCI1 — 25; pH 7.2. Protein concentration
in the mitochondrial suspension was measured
by the Lowry method. After 30 min, the iso-
lated mitochondria were used for a swelling
test. Aliquots containing 0.4-0.5 mg protein
per 1 ml were placed in an isotonic incubation
medium (mmol/1): KCI — 120; Tris-HCI1 — 25;

Langendorff isolated heart

control NaCl
1 NaCl
2 NaCl
3 0CA

Baseline

Mitochondria
= isolation and
swelling test

Ischemia

Reperfusion

Fig. 1. Protocol of the study aimed to estimate the role of H,S in ischemic preconditioning (IPC). OCA: o-carboxy-methyl-
hyrdoxylamin, an inhibitor of mitochondrial synthesis of H,S. NaCl: 0.9 % saline solution
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KH,PO, - 3; sodium succinate — 5; pH 7.4 (final
volume, 3 ml). Changes in optical density (OD)
were continuously recorded for 15 min at A =
520 nm using a UV-1900 spectrophotometer
(“Shimadzu”, Japan). Both Ca®*-free and Ca**-
induced mitochondrial swelling were assessed
in each group. To evaluate mitochondrial sensi-
tivity to Ca®", three concentrations of Ca’" (as
CaCl,) were tested: 1076, 107°, and 10~* mol/l.
The change in OD amplitude (AOD) of swelling
was calculated for each trace and then averaged.

Statistical analysis was performed using
MS Excel and GraphPad Prism for Windows
(“GraphPad Software”, USA). The Shapiro—
Wilk test was used to assess the normality of
data distribution. Comparisons were made using
one-way ANOVA followed by Tukey’s HSD post
hoc test or, for non-normally distributed data,
the Kruskal-Wallis test with Mann—Whitney
post hoc analysis. Differences were considered
statistically significant at P < 0.05. Data are
presented as mean = SEM or as median with
interquartile range.

RESULTS AND DISCUSSION

A total of nine cardiodynamic indices of Lan-
gendorff-isolated hearts were simultaneously
recorded and analyzed. Figure 2 summarizes the
baseline values. Statistical analysis revealed no
significant differences between the baseline data
of groups 1 and 2, confirming the homogeneity
of the animals selected for the study.
Previously, we demonstrated that OCA
administration reduced H,S levels in blood
plasma and cardiac mitochondria [21]. Therefore,
OCA was used as a reliable tool to inhibit H,S
production. Pretreatment with OCA (group 3)
suppressed the contractile activity of isolated
hearts, as evidenced by a 31% decrease in
LVDP (Fig. 2A) and a 15% reduction in dP/
dt_.. (data not shown). A pronounced decrease
was observed in dP/dt . (42%, Fig. 2B) and
coronary flow (15.7%, Fig. 2C), this indicates
impaired relaxation of the coronary vessels’
smooth muscles and the cardiomyocytes.
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Simultaneously, oxygen consumption by myo-
cardium was lower by 19.8% than in group
1 (Fig. 2E). Although cardiac work was sig-
nificantly reduced (Fig. 2D), the oxygen cost of
myocardial work increased by 31%, indicating
inefficient oxygen utilization in the myocardium
of OCA-pretreated rats (Fig. 2F). These results
indicate that H,S inhibition by OCA depresses
cardiac function and impairs myocardial oxygen
utilization.

The dynamics of cardiac indices recovery
is shown in Fig. 3. Analysis demonstrated
that IPC significantly reduced post-ischemic
disturbances. LVDP recovered to 79.6% of
the pre-ischemic value by the 5th minute of
reperfusion and remained stable throughout the
observation period (85.3% at the 40th minute,
Fig. 3A). A similar pattern was observed for
dP/dt_, , which reached 85.3% at the Sth minute
and 91% at the 40th minute of reperfusion (Fig.
3C), as well as for cardiac work (Fig. 3E).

IPC prevented post-ischemic myocardial
stiffness, as indicated by nearly unchanged EDP;
whereas in group 1, EDP sharply increased to
48.4 mmHg at the 5th minute and gradually
declined to 28.3 mmHg at the 40th minute (Fig.
3B). IPC also substantially improved dP/dt .
(Fig. 3C) and coronary flow recovery (Fig. 3D),
suggesting preserved energy supply, muscle
relaxation, and Ca?* handling in TPC hearts.
Notably, IPC provided an oxygen-sparing effect:
OCMW slightly changed during reperfusion,
whereas in the IR group, OCMW increased
dramatically, by 5.64-fold at the 5th minute,
and remained at 192% of the pre-ischemic
value at the 40th minute (Fig. 3F). Overall,
IPC effectively limited IR-induced disturbances
in isolated rat heart function and preserved
energetic supply of myocardium contractility.

Pretreatment with OCA had a deleterious
effect on the recovery of cardiac function.
Notably, the frequency of post-ischemic myo-
cardial fibrillation was 50% in Group 3, limiting
the number of hearts available for analysis. In
contrast, fibrillation occurred in 7% of group 1
and was absent in group 2 (0%).
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OCA also impaired the reproducibility
of IPC, as evidenced by reduced recovery of
LVDP, dP/dt, and cardiac work, along with
increased EDP during reperfusion (Fig. 3).
Although these differences were not statistically
significant compared with group 2, probably
due to the small sample size, they also did
not differ significantly from group 1, lying
between the two datasets. The most pronounced
effect of OCA was observed in coronary flow,
which was 3-fold lower at the 5th minute of
reperfusion compared with group 2. By the

end of reperfusion, coronary flow recovered
to levels similar to group 1 (Fig. 3D). These
results indicate that the cardioprotective effect
of IPC was substantially diminished by OCA
pretreatment.

To evaluate mitochondrial integrity, mem-
brane stability, and sensitivity to Ca”", mito-
chondria were isolated from hearts after
completion of the Langendorff protocol and
subjected to a swelling test. Fig. 4 demonstrates
typical changes in the optical density (OD)
of mitochondrial suspensions isolated from
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Fig. 2. Baseline cardiodynamic parameters of Langendorff-isolated rat hearts. A — left ventricular developed pressure (LVDP),
B —dP/dt_. , C — coronary flow, D — LVDPxheart rate, E — oxygen consumption, F — oxygen cost of myocardial work. Groups:

‘min’

1 — ischemia-reperfusion, 2 — ischemic preconditioning and ischemia-reperfusion, 3 — OCA, ischemic preconditioning and

ischemia-reperfusion. *P < 0.05, **P < 0.01, ***P <(0.001
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control hearts in response to different Ca?* Under normal conditions, mitochondria are
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Fig. 3. Dynamics of post-ischemic recovery in Langendorff-isolated rat hearts. A — left ventricular developed pressure (LVDP),
B — end-diastolic pressure, C — dP/dt, D — coronary flow, E — LVDP-Heart Rate, F — oxygen cost of myocardial work. Groups:
1 — ischemia-reperfusion, 2 — ischemic preconditioning and ischemia-reperfusion, 3 — OCA, ischemic preconditioning and
ischemia-reperfusion. *P < 0.05 vs 1, **P < 0.01 vs 1, ***P < 0.001 vs 1, ##P <0.001 vs 2
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Ca?*; therefore, the OD changes in response to
107¢ and 107> mol/l Ca** were not dramatic. In
contrast, a sharp decrease in OD observed in the
presence of 107 mol/l Ca®" indicates induction
of MPTP opening and pronounced mitochondrial
swelling (Fig. 4, curve 4). A swelling test was
performed for each group; AOD values were
calculated, averaged, and are presented in Fig. 5.

Interestingly, a significant difference in
mitochondrial structural integrity was observed
even in the absence of Ca2" load, i.e., in Ca2*-
free medium. Mitochondria isolated from
IR hearts demonstrated a 1.54-fold increase
in swelling under Ca?*-free conditions (P <
0.05), indicating altered permeability of the
mitochondrial membranes.

One possible explanation is that Ca®* from
the cytosol had already been transported into
mitochondria via the mitochondrial calcium
uniporter (MCU), the principal pathway of
pathological Ca?" uptake in this model [22].
In addition, Ca%" has been shown to inhi-
bit H,S synthesis by 3MST/CAT in a con-
centration-dependent manner, whereas in the
absence of Ca2", H,S production is maximal
[23]. ROS also inhibits mitochondrial H,S
synthesis by oxidizing 3MST/CAT enzymes and

Ca2+

1.4

OD, rel un

1.1 T T T T T T T T T T T T T T 1

Fig. 4. Representative curves of optical density (OD) changes
during the mitochondrial swelling tests. OD remained nearly
unchanged in Ca**-free medium (curve 1), showed a slight
decrease in response to 107 mol/l Ca** (curve 2) and 1073
mol/l Ca?* (curve 3), and decreased sharply in response to
1074 mol/l Ca** due to MPTP opening and mitochondrial
swelling (curve 4). The curves presented were obtained from
mitochondria isolated from control rat hearts
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downregulating their gene expression, thereby
exacerbating H,S deficiency in mitochondria
[24].

These findings suggest negative feedback
regulation of mitochondrial H,S production by
elevated Ca?" and ROS during IR. Thus, IR in-
duced deregulation of mitochondrial membrane
integrity and irreversible MPTP opening, which
was observed immediately in Ca?*-free medium.

IPC reduced AOD of mitochondrial swelling
in Ca’?"-free medium by 15% (n/s), as well as
in Ca?*-containing media (by 25, 12, and 11%
at 107, 1073, and 10~* mol/l Ca**, respectively)
(Fig. 5), indicating a higher Ca®* threshold re-
quired for MPTP induction. These data confirm
the protective effect of IPC against premature
MPTP opening in response to elevated Ca’"
during IR.

Pharmacological inhibition of H,S with
OCA abolished the protective effect of IPC.
The amplitude of mitochondrial swelling in
group 3 was 1.6-fold higher than in group 2
(P<0.01) and 1.36-fold higher than in group 1
(n/s) under Ca?*-free conditions. This finding
indicates initial mitochondrial Ca?* overload and
engagement of H,S produced via the 3SMST/CAT
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Fig. 5. Amplitude of mitochondrial swelling (AOD) in Ca?*-
free medium and in response to increasing Ca?* concentrations.
*P<0.05, **P<0.01. Groups: 1 —ischemia—reperfusion (IR);
2 — ischemic preconditioning (IPC) and IR; 3 — OCA, IPC
and IR. IR induced ionic imbalance in mitochondria, result-
ing in increased AOD, whereas IPC reduced AOD. Control
mitochondria exhibited a dose-dependent increase in AOD
(dotted line 1), while group 3 demonstrated a Ca?*-insensitive
pattern (dotted line 2)
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pathway in the protective mechanism of IPC.

H,S, as an inorganic substrate, can serve as
an electron donor for the mitochondrial respi-
ratory chain and support ATP production under
conditions of respiratory substrate deficiency
[19]. Supporting this concept, exogenous H,S
donors have been shown to exert cardiopro-
tective effects against IR injury by alleviating
myocardial damage and providing antioxidant
and anti-inflammatory actions [25, 26]. In our
study, inhibition of H,S synthesis by OCA likely
reduced this emergency source of electrons, thus
affecting energy production and diminishing the
reproducibility of [IPC-induced cardioprotection.

Fig. 5 clearly illustrates two distinct pat-
terns of mitochondrial behavior in the swelling
test, indicated by the dotted lines. In control
hearts, OD changes show a dose-dependent
increase, reflecting the classical Ca”>*-induced
mitochondrial response. This indicates normal
MCU activity and an intact capacity of mito-
chondria to store Ca®", with swelling occurring
only at the highest Ca?" concentration when the
MPTP opens.

In group 3, depicted by the nearly horizontal
dotted line, mitochondria from initially altered
hearts exhibit loss of integrity and insensitiv-
ity to Ca®* at all tested concentrations (Fig. 5).
This likely results from the irreversibly opened
MPTP, allowing free movement of Ca?* across
the mitochondrial membranes. This process was
not accompanied by osmotic swelling due to
increased membrane permeability and reduced
barrier function, which may explain the absence
of a sharp AOD drop in group 3 mitochondria in
response to 107 mol/l Ca?".

Since recovery from ischemia requires
enormous amounts of energy, preservation of
mitochondrial coupling and ATP-producing
capacity is a key factor ensuring cell survival
and maintenance of myocardial function in the
post-ischemic period [27]. IR induces structural
and functional damage to cardiac mitochondria
through excessive ROS production at complexes
I and III. This, in turn, causes oxidative injury
to these complexes and other components of
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the respiratory chain [22]. Elevated ROS levels
together with increased cytosolic Ca®" trigger
irreversible MPTP opening, leading to deleteri-
ous consequences for cellular metabolism and
energetics.

The protective effect of IPC is known
to involve activation of multiple signaling
cascades that converge on mitochondria. Several
mitochondrial effectors of IPC have been
identified as mediators of cardiac conditioning,
including the mitoK_ ATP channels [27, 28],
uncoupling proteins (UCPs) [29-31], and
connexin 43 [4].

In the present study, we propose that
mitochondria-derived H,S is involved in the
protective cascades of IPC. We found that
OCA, an inhibitor of 3MPST/CAT, affected
the reproducibility of IPC, worsened relaxation
of coronary vessels and myocardium, and
attenuated the oxygen-sparing effect of IPC
in the isolated heart. Furthermore, OCA
abolished the membrane-stabilizing effect of
IPC, increased sensitivity to Ca>" overload, and
disrupted mitochondrial Ca?* handling.

With our work, we suggest that H,S of mito-
chondrial origin, produced via the CAT/3MPST
mechanisms, provides specific regulation of
mitochondrial stability and at least partially
contributes to the protective effect of IPC by
inhibiting MPTP opening during reperfusion.
This finding may be promising for future phar-
macological application.
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POJIb MITOXOHAPIAJIBHOI'O
CIPKOBOJIHIO B EPEKTUBHOCTI
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lmemiune npexormuuionyBanHs (II1), uepryBaHHs KOPOTKUX
eni3oxiB immemii Ta periepy3ii, aKTUBY€ CHIOT€HHI MEXaHI3MH
3aXHCTY BiJ JOBrorpuBaioi imemii-penepdysii (IP). Hessa-
JKarour Ha Oe3miu nocmimpkens 11, pons cipkoBogHIO (HZS),
IO YTBOPIOETHCS B MITOXOHAPISAX (PEPMEHTOM 3-MEPKATOIi-
pyBarcynbdyprpancdepaszoro (3MPST) npu 111, 3ammmaerbes
HEeBizoMo10. MeToro Hamoi po6oTu Oyiio 3°sicyBaTH BIUIUB
inribitopa cunte3y MitoxonapiansHoro H,S o-kapGokcume-
tuirigpokcunaminy (OCA) Ha BiTHOBICHHS QyHKIIT cepiis Ta
LTICHICTh MITOXOHApPiabHOT MeMOpaHu miciis ex vivo II1 ra
IP. EkciepuiMeHT OyIno mpoBeeHO Ha 44 caMIlsIX LIy piB JTiHii
Bicrap, po3ainenux Ha 4 Tpynu: KOHTPOJIBHA 1 TPU JOCIITHI.
Jo 1-i mocminHOi Tpynu yBiduwm TBapuHu 3 IP; mo 2-1 — 3
IIT ta IP; no 3-i — 3 II1 ta IP, skum BBOmMIM OCA (50 mr/
KT, BHYTPIIHbOOUYepeBHHHO). [licnst peecTparlii moka3HUKIB
KapIioAMHAMIKH, cepls 3HiManu 3 anapara Jlangernopda,
TOMOTEHI3yBaJI{, BUILISIIN MiTOXOH/IPIi 1 BUBYAIH X Ha0yXaH-
HSI 3a HasABHOCTI Ta 0e3 nomasanus Ca?". [Toka3zamno, mo OCA
YHUHUB JICIPECOPHUI BIUIMB Ha THCK Y JIIBOMY LITyHOUKY, dP/
dt,_. , KODOHapHUH IOTIK, i PH HEOMY JIOCTOBIPHO 301/IbIITyBaB
KHCHEBY BapTicTh poboTH Miokapaa. Kpim Toro, 3MeHIIyBaBcst
Kapaionporexropauii edekT II1: moripuryBanocs BiTHOBICHHS
CKOPOTIIMBOT aKTUBHOCTI Ta 301IbITYBaJIOCS Hee(DEKTHBHE BH-
KOPUCTaHHS KUCHIO i1IeMi30BaHIM MiOKapoM. Y CepelOBHIL
6e3 Ca?" ammuiTyna HaOyxaHHs MiToxoHpii micis IP Gyna
6inmpmoro y 1,54 pasa, 3a ymos III ta IP — Ha 15% Hipkua.
AwmmutiTyna HaOyxaHHs MiTOXOHApi# y rpymi 3 OCA Gynay 1,6
pasa Ounbmioro, Hix nipu 111, Ta B 1,36 pasa, Hix npu 1P, HaBiTh
y cepemoBuIIi 6e3 Ca?*. [IpumitHO, 0 1i MiTOXOHIPIT HE OyITl
YyTIUBUMH 10 Ca%" Y JKOZIHIH 3 TOCITIPKYBAaHUX KOHIICHTpAIIii
(10°% — 10" monw/n). Ile cBiguuTh Opo Te, MO IPUIHIYEHHS
H,S MiTOXOH/pialbHOTO NOXOKEHHS MopyLrye Mexanizmu 111,
BIZINOBIIaJIbHI 32 30epeyKeHHS IPOAYKIIii eHeprii Ta aJjeKBaTHY
PETYIALII0 KalbIIiEBUX TPAH3IEHTIB MiTOXOHApisAMH. Takum
4HHOM, MU IIPUITYCKAeMO, 110 npoaykuis H,S 3a normomororo
3MPST 3abe3neuye yHIKalbHY PETYIALII0 CTa0iIBHOCTI
MITOXOH/IpiaJIbHUX MEMOpaH Ta € BaXIMBUM (PaKTOPOM 3a-
xucty (yHKUii ceprs Bin [P-momKkomkeHHs 3a JOIIOMOTOO
II1. e BiAKpUTTS MOKe OyTH IIEPCIIEKTHBHUM JUISl PO3POOKH
(hapMaKoIOTiYHUX aHTHINIEMiYHUX 3aCO0IB.

KittodoBi cioBa: imemiuHe NMPEeKOHIUIIOHYBAaHHS; CEpIIe;
imemist; MiTOXOHJPii; CIPKOBOACHB; 3-MEPKANTOIipyBaT-
cynshyprpancdepasa; 0-kapOOKCHMETHITIIPOKCUIAMIH;
MITOXOH/IpiaJibHA [I0Pa; CIIOKMBAHHS KHCHIO.
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