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ATP-dependent K* channels activation on the function
of external respiration under experimental pneumonia

P.K. Tsapenko!, A.S. Shapovalova', O.G. Timchenko?, A.N. Golovko?,

E.V. Rozoval, A.G. Portnichenko!

!Bogomoletz Institute of Physiology NAC of Ukrain, Kyiv; e-mail: erozova@ubkr.net;
’Kyiv City Medical Special College, Kyiv; e-mail: angolo1209@gmail.com;,
3Shupyk National Healthcare University of Ukraine, Kyiv

The studies were performed on male Wistar rats weighing 250-270 with experimental pneumonia (EP)
induced by the method of A.M. Kulik. The animals were divided into the following groups: 1 — control;
2 - experimental pneumonia; 3 (first experimental group) - animals, which in parallel with the simulation
of pneumonia were intraperitoneally administered uridine at a dose of 0.3 mg/100 g of body weight (daily
within 1 week), 4 (second experimental group) - animals in which uridine was administered daily starting
from day 4 (at the peak of pneumonia). Animals with EP were examined at 5th (n = 10), 9th (n = 8) and 12th
(n = 6) days of the disease development, as well as 1 (n = 5) and 2 (n = 5) months after EP modeling. It was
shown that in the first experimental group on the 5th day of EP development, an isoventilator restructuring
of respiration was observed. In this group, from day 12 to the end of the study, there was a stenoventilator
restructuring of breathing, which was characterized by an increase in tidal volume, alveolar ventilation,
oxygen consumption and, accordingly, an increase in oxygen extraction from the alveoli and in the oxygen
effect of the respiratory cycle. It can be assumed that in this group, an increase in the intensity of metabolism
is provided by the effective activity of the respiratory system. In the second experimental group, isoventilator
changes in respiration were observed with a gradual decrease in oxygen consumption and other indicators
of the respiratory system efficiency. After 2 months, these changes became significant. Thus, we can talk
about significant differences in the effect of uridine on the function of external respiration (i.e., apparently,
on the activity of the mitochondrial ATP-dependent K™ channel) during EP, which depended on the period
of onset of uridine administration. Application of uridine immediately (1st experimental group) looks more
effective and even has a stimulating effect on the respiratory function over a long period of experiment.
The administration of uridine starting from the 4 partially normalizes the respiration parameters. However,
after 1 month there is a depression of the functions of the respiratory system, which, probably, may further
worsen. The reasons for the differences in the identified dynamics require further investigation.

Key words. experimental pneumonia; uridine; external respiration; respiratory rate, tidal volume, oxygen
consumption, respiratory efficiency.

INTRODUCTION

The study of the pathogenesis of the occurrence
and development of pneumonia (P) is one of
the most relevant in modern pulmonology, as
P encompasses 30-40% of all lung diseases
and takes fourth place among the causes of
mortality [1]. In recent years, according to the
WHO, mortality from P has increased from 1
to 9%, which is due to resistance of pathogens

to drugs and unclear pathogenetic mechanisms
of P, in particular disorders of the respiratory
zone cells. This leads to the altered permeability
of cytoplasmic membranes, development
of pulmonary edema, and subsequently to
intraalveolar edema, as well as to a violation
of energy metabolism in the lungs, which
ultimately affects respiratory function with
impaired oxygen supply.
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During P, the production of reactive oxygen
species (ROS) is associated with inflammation
and development of oxidative stress, which is
important for cells and leads to organ damage, in
our case - the lungs [2]. During severe oxidative
stress, the ability of cells to eliminate ROS is
depleted, which may contribute to an increase in
the inflammatory response [3-5]. The protective
effect of uridine may be associated with the
activation of the mitochondrial ATP-dependent
K" channels (mitoK,,), because uridine is
a precursor of uridine diphosphate (UDP),
which activates mitoK,, [6], and specific
inhibitors of this channel, such as, for example,
5-hydroxydecanoate (5-HD), eliminate the
protective effect of uridine [7, 8]. It was shown
that uridine has a pronounced anti-inflammatory
effect manifested, in particular, by a decreased
production of pro-inflammatory cytokines [9].
Uridine can normalize even minor imbalances
associated with the emerging pathological
changes in animals and in isolated cells during
the creation of experimental pathology, in
particular, experimental pneumonia (EP).
Moreover, the level of uridine in the blood is
usually maintained at a relatively constant level;
however, it is unclear which systems maintain
this homeostasis [10, 11].

Currently available data indicate that
the activation of mitoK,., is able to prevent
the development of oxidative stress in the
myocardium, the decomposition of ATP and
creatine phosphate, reduces the generation of
ROS and blocks the oxidation of glutathione [7,
8]. Moreover, it was shown, including our data,
that mitoK ,;, is involved in the adaptation of
animals to hypoxia, exerting a positive effect not
only in the myocardium, but also in the lungs
[12, 13], which is of particular importance in
P, which is accompanied by the formation of
a hypoxic state in the organism, at least of the
respiratory type [14].

These observations allow us to conclude that
positive effect of uridine in P may be at least
partially explained by the function of mitoK ;.
Moreover, it is believed that the action of uridine

ISSN 2522-9028 ®ision. scypu., 2021, T. 67, Ne 6

or its derivatives may be mediated through
certain receptors, since cells contain receptors
for UTP, UDP, and uridine (PY2 receptors),
the activation of which directly influences
metabolism [15, 16]. Therefore, receptors for
uridine phosphates and uridine are proposed as
targets for the development of new drugs [10].
The mechanisms mediating their action may be
associated with an increase in the intracellular
levels of UDF and UTF, leading to the activation
of mitoK , ., with an increase in the cell’s energy
capacity and the intensity of energy metabolism.

The aim of our study was to investigate the
influence of mitoK ,, activation by uridine on
external respiratory function under experimental
pneumonia.

METHODS

The studies were performed on 50 male Wis-
tar rats weighing 250-270 g. Experimental
pneumonia (EP) was induced according to the
method of Kulik[17], by introducing into each
lung 0.5 ml of non-sterile water heated to 70°C.
Pneumonia was developed without the presence
of viral or bacterial pathology (water was tested
for infectious agents in the laboratory of the
State Food and Consumer Services, Melitopol),
and can be attributed to aspiration and/or
partially post-traumatic pneumonia. Similar
lung injuries are often observed in the neonatal
period, but also occur in adulthood [18].
Animals were divided into the following
groups: 1 - control, 2 - experimental pneumonia,
3 (first experimental group) - animals, which
in parallel with the simulation of pneumonia
intraperitoneally administered uridine at a dose
of 0.3 mg/100 g of body weight (daily within
1 week), 4 (second experimental group) -
animals in which uridine was applied throug-
hout the experiment starting from the peak of
pneumonia (4th day). Animals with EP were
examined in the dynamics: on 5th (n = 10),
9th (n = 8) and 12th (n = 6) days of disease, as
well as 1 (n=15) and 2 (n = 5) months after EP
modeling. The control group and the EP group
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without the use of uridine contained 8 animals
each. The rationale for uridine use was based on
the fact that it activates mitoK ,, channels, and
through this effect influences the development
of mitochondrial dysfunction, improving
energy metabolism [19]. Violation of the latter
is associated with pathological changes at the
cellular and organelle levels, which contributes
to the development of negative changes in the
functioning of organs and systems in various
types of pathology [20], including pneumonia.
The respiration and gas exchange pattern
was recorded using an original automated
setup as part of an MH6202 mass spectrometer
(Ukraine) and a pneumotachograph with an
MPX5050 respiration sensor. The signal from the
pneumotachograph and the mass spectrometer
was fed through an analog-to-digital converter
to a computer, after which it was processed by
the Oscillograph 2.0 program. Respiratory rate,
tidal volume, amount of absorbed oxygen and
emitted carbon dioxide were measured. From
these indicators, other characteristics of the
functional state of the external respiration system
were calculated. Respiratory exchange rates were
reported in the BTPS system (body temperature,
vapor pressure), and gas exchange rates - STPD
(standard temperature and dry air pressure).
The obtained experimental data were pro-
cessed by the methods of variation statistics.
Statistical processing of the results was performed
using the computer program STATISICA 6.
The obtained numerical data were presented
as “mean * standard error of the mean”. This
representation is correct because, according to
the Shapiro-Wilkie test (W), the results were
fitted into the normal distribution law [21]. To
assess the reliability of the results, we used

one-way ANOVA using a comparative Post Hoc
Student-Newman-Keuls test. The results were
considered statistically significant at P < 0.05.

RESULTS AND DISCUSSION

Parameters of the pattern of respiration and
gas exchange in animals of the control group
are given in Table. In further discussion
of the results concerning the changes of
the specified parameters in dynamics of
experimental pneumonia under conditions
of uridine application, control values were
accepted for 100%.

Before analyzing the effect of mitoK,
activation in EP, it should be noted that in this
group, the changes in the function of external
respiration were expected and confirmed the
available in the literature results [14]. Thus, at
the peak of the EP development (4th day of the
disease) there was an increase in pulmonary
ventilation, which was manifested by an increa-
se in both the minute volume of respiration
(Vp) and the volume of alveolar ventilation
(V,). However, the established increase in lung
ventilatory function was inefficient in providing
oxygen to the body, as one of the main indicators
of external respiration efficiency, namely, the
ratio of alveolar ventilation to the minute tidal
volume, was significantly lower than the values
in control animals and fluctuated within 40-
55% (at control values of 65-75%). Insufficient
efficiency of lung ventilation should also include
a decrease of the partial pressure of oxygen
(P,O,) and an increase of the partial pressure
of carbon dioxide (P,CO,) in the alveolar air
to 80-85 and 38-46 mm Hg, respectively, (at
control values of 95-105 and 35-40 mm Hg,

Characteristics of the pattern of respiration and gas exchange in rats of the control group

Respiration | Respiratory Alveolar Oxygen Emission of | Respiratory | Delivery of oxygen
rate, volume, ventilation, consumption, |carbon dioxide,| quotient to the alveoli,
min’! ml ml'min100 g | ml-100 g! ml-100 gt ml'min!-100 g !
121.2+7.8 2.04+0.16 14.41+1.01 0.40+0.26 7.73£0.51 0.78+0.14 2.99+0.21
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respectively). Such changes can be considered
as the presence of alveolar hypoventilation in EP
[22]. In the dynamics of the study, the severity
of the detected changes in external respiration
decreased.

The use of uridine in the dynamics of EP
development revealed significant differences in
the effect of this drug on the function of external
respiration and gas exchange, depending on
the time of initiation of the application of
mitoK ,;, activator. In studies conducted by
GM Mironova et al. [23] it was shown, that
the preventive administration of uridine in the
case of a nonspecific inflammatory reaction
has a positive effect on energy metabolism, the
oxidative-prooxidant system, etc.
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We have shown that in the dynamics of EP
development, the influence of the time of uridine
administration on the studied parameters is often
multidirectional. So the respiratory rate (f) was
significantly higher than the initial level in the
group with the application of uridine, carried
out immediately, and when using the drug on
the 5th day of the experiment, the f value did
not significantly differ from the control values.
Subsequently, no significant differences from
the control were observed regardless of the time
of drug administration and the period from the
onset of EP development (Fig. 1A). This can be
considered as a positive factor, since with the
existing known positive dynamics of f (and most
indicators of the external respiration function)
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Fig. 1. Changes in some indicators of the function of external respiration and gas exchange at different times of uridine use under
experimental pneumonia. 1 - the first experimental group, 2 - the second experimental group, *changes are statistically significant

(P <0,05) relative to the control, taken as 100%
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with EP without its correction, they still do not
reach the control values.

The respiratory volume (V) changed in
waves throughout the experiment in the first
experimental group: it decreased on the 5th day,
on the 9th day it did not differ from the initial
level, on the 12th day it significantly increased
in relation to the control. After 1 month it did
not differ from the initial level, while after 2
month it increased significantly. In the second
experimental group, this indicator did not
significantly differ from the initial level up to 2
months of the study, when a significant decrease
of V. was observed (Fig. 1B). The dynamics
of the respiratory minute volume changes as a
whole repeated the trends revealed for the tidal
volume.

As for alveolar ventilation (V’,), which
determines the volume of air involved in gas
exchange and which decreases with developed
pneumonia, V’, was higher than the initial level
starting from the 12th day of EP development
in the first experimental group. This indicates a
positive dynamics of changes in the ventilatory
response and oxygen supply to the organism,
an increase in the gas exchange surface of the
lungs (Fig. 1C). In the second experimental
group, there was a tendency for this indicator
to decrease throughout the entire experiment,
especially after 2 months of the study.

If we analyze the oxygen consumption
(VO,) in untreated EP, it turns out that VO,
in lung tissue significantly (approximately
30% - from 3.8 + 0.2 to 2.7 = 0.2 pl/h/mg
dry matter) decreased on the 4th day of the
disease, indicating a marked decrease in the
level of oxidative metabolism in the lung tissue
in this pathological process. In the future, it
was possible to observe some recovery in the
intensity of metabolic processes in lung tissue,
but on the 12th day of the disease the level of
tissue VO, remained reduced by an average of
15% compared to control values and was 3.2 +
0.2 pl/h/mg dry substances. Similar changes on
the 4th and 9th days of EP development were
observed in relation to the total VO, in the
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organism of rats of both experimental groups,
i.e. when using uridine at different periods
of development of the pathological condition
(Fig. 1D). However, on the 12th day of the
study, the values of both groups did not differ
from the initial level. After this, in the first
experimental group, the consumption increased
significantly reaching maximum after 2 months.
This allows us to conclude that the drug has a
normalizing and even mobilizing effect on the
level of the energy metabolism reduced during
the development of pneumonia [14]. On the
contrary, in the second experimental group, VO,
decreased to a level below the baseline also by
the end of the experimental period. This may
indicate differences in the effects of uridine
used in different periods of EP development,
despite its ability to positively influence energy
metabolism. This requires further study.

The release of carbon dioxide changed in
a similar way. Respiratory quotient (RQ) in
both groups increased on the 9th day of the EP
development (more significantly in the first
experimental group), after which the tendency
of its increase persisted on the 12th day. Then
RQ returned to its original values.

The use of uridine had a significant and also
different effects on the efficiency of external
respiration, which were dependent on the period
of initiation of the application of the drug. Thus,
the oxygen effect of the respiratory cycle (VO,
/f) decreased in relation to the initial level in
the second experimental group to a greater
or lesser extent throughout the study period.
As for the first experimental group, a similar
dynamics was observed at the initial period of
EP development (from 5 to 12 days of the study),
but after a month, and especially after 2 months,
this indicator significantly increased and was (2
and 3 times, respectively) higher than the initial
level (Fig. 2A). Such changes can be interpreted
as an indicator of a significant increase in the
efficiency of the organism’s oxygen regimes [24].

This statement is also supported by the
dynamics of changes in the delivery of oxygen to
the alveoli (O, delivery): in the first experimental
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group, starting from the 12th day, the indicator
sharply increased, significantly differing from
the initial level. Such dynamics persisted to a
somewhat lesser extent until the end of the study
period (Fig. 2B). In the second group, the O,
delivery did not differ from the baseline level,
decreasing after 2 months of the study.

In this connection, we can also note the
peculiarities of the dynamics of oxygen ext-
raction from the alveoli (O, extract). The O,
extract decreased at 9th and 12th days in both
experimental groups from the baseline. In the
first group, after a month and until the end of
the experiment, this indicator was significantly
increased relative to the initial value (by 55 and
45%, respectively). In the second group it was
also increased, however, only to the initial level.

CONCLUSIONS

The studies showed that in the first experimental
group (the beginning of the use of uridine
immediately after modeling the EP) on the 5th
day of the development of EP, the respiratory
rate increased against the background of a
decrease in the tidal volume, thus, alveolar
ventilation and the content of carbon dioxide in
the alveoli, as well as its release, remained at
baseline. That is, an isoventilator restructuring
of respiration was observed. From day 12 to
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the end of the study in this group, there was
a stenoventilator restructuring of breathing,
which was characterized by an increase in tidal
volume, alveolar ventilation, oxygen uptake and,
accordingly, an increase in oxygen extraction
from the alveoli and an increase in the oxygen
effect of the respiratory cycle. It can be assumed
that in this group an increase in the intensity of
metabolism is provided by the effective activity
of the respiratory system.

In the second experimental group (the
beginning of the use of uridine on the 4th day - at
the peak of the disease development), during the
experiment, isoventilator changes in respiration
were observed with a gradual decrease in
oxygen consumption and other indicators of
the efficiency of the respiratory system. After 2
months, these changes became significant.

Thus, our studies show significant differences
in the effect of uridine on the function of external
respiration, possibly, mediated by mitoK
stimulation, which depended on the period
of onset of uridine use. The use of uridine
immediately with EP modeling looks more
effective and even has a stimulating effect on
the respiratory function for a long period of
time. The beginning of the use of uridine on the
fourth day partially normalizes the respiration
parameters, however, after 1 month there is a
depression of the functions of the respiratory
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Fig. 2. Changes in some indicators of the external respiration effectiveness at different period of uridine use under experimental
pneumonia. 1, 2 - experimental groups, *changes are statistically significant (P < 0,05) relative to the control, taken as 100%
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system, which probably may further worsen.
The reasons for the differences in the identified
dynamics require further study.
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Jlocunimxenss nposeneHo Ha 50 nrypax-camusx JiHii Bictap
Macoro 250-270 1, KOTpUM MOJIEJIIOBAIN EKCIICPUMEHTAIIbHY
MTHEBMOHI0. JIOCITITHUX TBAPHH PO3IOLUIIIN Ha TaKi TPYIIH:
1-11a — KOHTPONBHA; 2-Ta — eKCIIePUMEHTAIbHA [THEBMOHIS;
3-1s1 (mepiua eKclepuMEHTalbHA Ipyla) — TBApUHHU, SIKHM
napajeabHO 3 MOJICIIIOBAHHSM ITHEBMOHIT BHY TPIllIHBOOYEpE-
BUHHO BBOIAWIN ypuauH y 1031 0,3 mr/100 r (3acTocyBaHHs
YPUIMHY TPHBAJIO IIOJCHHO MPOTITOM TIIKHA); 4-Ta (Apyra
eKCIIepHIMEHTAJIbHA IPyIIa) — TBAPUHH, SIKUM yPHIUH MOYH-
HaJli BBOJAUTH HA IIIKy PO3BHTKY ITHEeBMOHII (4-Ta 1100a) 3a
AQHAJIOTIYHOIO CXeMO0. TBapuH 00CTEeKyBaJIM B AMHAMILI:
Ha 5 (n = 10), 9 (n = 8) Ta 12-1y (n = 6) 10Oy PO3BHUTKY
3aXBOPIOBAHHS, a Takox depe3 1 (n = 5) ta 2 (n = 5) wmic
micist MoJietoBaHHs mHeBMoHii. KoHTponbHa Ta nociigHa
(6e3 3acTocyBaHHS YpUAMHY) TPYNH MICTWIIM 110 8 TBapHUH.
ExcniepuMeHTaIbHY THEBMOHIIO MOJICITIOBAJIN 32 METOJIMKOIO
Kynuk, BBeIeHHSIM y KOXKHY JiereHio 1o 0,5 M1 HecTepuiib-
HOT Boxu, mifirpitoi qo 70°C . Iloka3aHo, mo B mepimii
EKCIIepUMEHTAIIBHIN TPy Ha 5-i IeHb PO3BUTKY ITHEBMOHI]
criocrepiranacsi i30BeHTHIISITOpHA IepedyaoBa JIUXaHHS, 3
12-ro nHs 1 10 KiHIS DOCIIKEHHS! — CTEHOBEHTHIISTOPHA,
sIKa XapaKTepu3yBaslacs MiIBUINCHHSIM AUXAJIBHOTO 00’ €My,
aJIbBEOJISIPHOT BEHTWIIALLIT, MOTJIMHAHHS KUCHIO 1, BiIIIOBITHO,
301IBIICHHSM EKCTPAKIIii KHCHIO 3 allbBEOJI 1 IMiJBUIIICHHIM
KHCHEBOTO e(DeKTy ANXaIbHOTO IUKITY. MOXKHA IPUITyCTHTH,
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IO B I(i{i IPYIIi MiBUILEHHS iIHTEHCUBHOCTI OOMiHY pEYOBHH
3a0e3neuyercs eeKTHBHOIO TisUTbHICTIO TUXaIbHOT CUCTEMH.
V npyriit ekcriepuMeHTabHIH TPyIli IPOTITOM J0CIHiIKEHHS
CIIOCTEPITraiucsl 130BEHTHIISATOPHI MepeOyI0BU JUXaHHs
IpH TOCTYIIOBOMY 3HMKEHHI CHIO)KMBAHHI KHCHIO 1 IHIIMX
MOKa3HUKIB €()EKTUBHOCTI POOOTH AMXAIbHOI CHCTEMHU.
Uepes 2 Mic 11 3MiHU CTaBaJId 3HAYHUMHU. TakKUM YHHOM,
MO>KHA TOBOPHUTH IIPO iCTOTHI Bi]MIHHOCTI BILUIUBY YPUANUHY
Ha (YHKIIIO0 30BHIMIHBOrO AMXaHHsS (TOOTO, MabyTh, i Ha
aKTHBHICTh MiTOXoHApianpHOro ATd-3anexunoro K-kanaiy)
IpH ITHEBMOHIT 3aJ€XKHO Bij mepioxy mouyatky Horo 3acto-
cyBaHHs. BukopucranHs ypuauHy Binpa3y BUINISIAE OLIbII
e(eKTUBHUM i HABITh YNHUTH CTUMYITIOIOUY JIif0 HA TUXaJIbHY
GyHKIi0 yepe3 TpuBaIUi nmpoMixok vacy. [loyarok Horo
BUKOPHCTAHHs Ha 4-1 IeHb 4aCTKOBO HOPMaJIi3y€e OKa3HUKH
JUXaHHS, OMHAK 4epe3 | Mic CrocTepiraeThCst MPUTHIYCHHS
GyHKIIH AMXadbHOT CUCTEMH, SIKe, HMOBIPHO, HaJali MOXE
30ib1ryBarucs. [IpruuuHY BiAMIHHOCTEH BUSBICHOT JMHAMIKH
BUMAraroTh [10/IJIbIIOT0 BUBYCHHSI.

Kiro4oBi ciioBa: eKCriepUMEHTalIbHA THEBMOHISI, YPUIMH;
30BHIIIHE JUXaHHS;, 4acTOTa AMXAHHS; AUXAJIbHUH 00’ €M;
CIO)KMBAHHS KHCHIO; €DEKTHBHICTD AMXAHHSI.
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