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Background. The study of the problem of physical and mental health of people
who have survived combat trauma is a component of a wide field of research on the
problem of stress, which manifests itself at all levels of the organization of the body.
Combat injuries, in particular those of the areas of pelvis and genitourinary system,
stressful events, lead to the development of erectile dysfunction (ED). In recent deca-
des, a sufficient number of scientific facts have been accumulated, which confirm the
significant influence of stress factors on the reduction of sexual desire and sexual acti-
vity. Therefore, determination of Ca?*,Mg?*- and Na*,K*-ATPase activity on a convenient
model like peripheral blood lymphocytes add complexity to the understanding of the
development of the pathophysiological and pathobiochemical mechanisms of the body,
the result of which is the development of ED.

Materials and Methods. The research was conducted on peripheral blood lym-
phocytes of men injured as a result of combat operations (shrapnel and bullet wounds)
in the Russian-Ukrainian war and treated at the Military Medical Clinical Center of the
Western Region. The research group of men with combat injuries was divided into two
subgroups: men aged 20-39 years (subgroup 1) and men aged 40-53 years (sub-
group 2). The control group consisted of 48 practically healthy men without complaints
of sexual dysfunction or cardiac, neurological or endocrinological pathology. Among
the men of the control group were 30 men aged 20-39 years (subgroup 3) and 18 men
aged 40-53 years (subgroup 4).
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Results. It has been shown that in the peripheral blood lymphocytes of men injured
as a result of hostilities, there is a decrease in Na*,K*-ATPase activity and Ca?*,Mg?*-
ATPase activity of the plasma membrane and endoplasmic reticulum, which leads to
overloading of the cytosol with Na* and Ca?" ions, respectively, which is characteristic
of pathological processes.

Conclusion. Erectile dysfunction due to combat trauma is accompanied by
a decrease in both Ca?* Mg?*-ATPase activity of the plasma membrane and Ca?*,Mg?*-
ATPase activity of endoplasmic reticulum of blood lymphocytes. As the age of patients
with disorders of sexual function increases, the decrease in Ca?",Mg?*-ATPase activi-
ties becomes more expressed. In men with erectile dysfunction due to combat trauma,
the activity of Na*,K*-ATPase is also inhibited. According to the ROC curve, Ca?*,Mg?*-
ATPase activity of the endoplasmic reticulum in blood lymphocytes is a potential bio-
marker of erectile dysfunction.

Keywords: erectile dysfunction, Ca?*,Mg?*-ATPase, Na*,K*-ATPase, lymphocytes,
combat trauma

INTRODUCTION

From the experience of wars and local conflicts, in particular, of recent decades,
it is known that wars inflict not only physical but psychological injuries too, which can
manifest both during the war and after it (Serkin et al., 2010; Al-Azzawi & Koraitim,
2014; Ritchie & Elspeth Cameron, 2017). The study of the problem of physical and men-
tal health of people who have survived combat trauma is a component of a wide field of
research on the problem of stress, which manifests itself at all levels of the organization
of the body (Serkin et al., 2010; Ritchie & Elspeth Cameron, 2017). The theory of trau-
matic stress is largely based on biological studies of disturbances in metabolism and
regulatory systems as a result of an expressed reaction to traumatic stress (Ritchie &
Elspeth Cameron, 2017). Combat injuries, in particular those of the areas of pelvis and
genitourinary system, stressful events, lead to the development of erectile dysfunction
(Al-Azzawi & Koraitim, 2014; Ritchie & Elspeth Cameron, 2017).

The modern scientific understanding of erectile dysfunction (ED) indicates the pre-
dominant secondary nature of sexual disorders in relation to the diseases that cause
them (Vorobets, 2010; Horpynchenko et al., 2016). This especially applies to military
personnel — participants in hostilities. Overall, ED is highly correlated with overall men’s
health.

The study of biochemical mechanisms underlying the development of ED is often
conducted on the endothelium of cavernous bodies. This endothelium functions as
a receptor-effector organ, responding to every physical or chemical stimulus, modulat-
ing vascular smooth myocytes to contract and relax, etc. (Horpynchenko et al., 2016;
Samuel et al., 2021). However, endothelial cells are difficult to access for research,
in particular when it concerns not experimental animals, but humans and, moreover,
with combat trauma. In this regard, peripheral blood lymphocytes, due to their ability to
quickly respond to any changes in homeostasis in the body and the fact that the modu-
lation of enzyme activity in lymphocytes occurs much earlier than other biochemical and
morphological indicators change, are a convenient object for conducting research asso-
ciated with various pathologies, in particular erectile dysfunction (Koval et al., 2011).
Lymphocytes express unique antigen-specific receptors, the variety of which actually
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corresponds to the variety of environmental antigens. In its complexity, the immune
system approaches the nervous system. Lymphocytes respond to almost all media-
tors of neuronal origin. Lymphocytes are capable of synthesizing the same biologically
active substances expressing the same receptors as nerve or endothelial cells, as well
as actively participating in the induction and regulation of the body’s stress response
through the synthesis and secretion of various factors. Lymphocytes are involved in the
pathological process not only in blood diseases, they also undergo significant changes
in structure and function in diseases of various genesis (Koval et al., 2011). The phe-
nomenon of structural disorganization and impaired function of plasma membranes is
a universal reaction of cellular systems during pathological processes of various gene-
sis (Fafula & Vorobets, 2019; Fafula et al., 2020; Krebs, 2022). There are general laws
of the response of cells to various pathogenic influences, typical pathological processes
unfold in them, which are implemented according to a single scenario regardless of the
primary initiating factor. The impact of various damaging factors of both psychogenic
and organic nature on cells causes the launch of a universal response due to the action
of similar molecular mechanisms of damage, regardless of its cause. These include,
first of all, the intensification of lipid perocsidation, a decrease in the activity of the
antioxidant defense system, and a change in the activity of ion transporting systems
(Horpynchenko et al., 2016; Fafula et al., 2020).

In recent decades, a sufficient number of scientific facts have been accumulated,
which confirm the significant influence of stressful factors on the reduction of sexual
desire and sexual activity (Ritchie & Elspeth Cameron, 2017; Fafula et al., 2020).
Therefore, studies such as the determination of Ca?*,Mg?*- and Na* K*-ATPase activity
on a convenient model like a peripheral blood lymphocyte add complexity to the under-
standing of the development of the pathophysiological and pathobiochemical mecha-
nisms of the body, the result of which is the development of ED. It is believed that the
patterns of changes in the structure and function of lymphocytes with the corresponding
fate of correction, due mostly to the species specificity of cells, can be extrapolated to
other cells (Koval et al., 2011).

The aim of the present work is to study the activity of Ca?*,Mg?- and Na* K*-ATPase
of peripheral blood lymphocytes in men with erectile dysfunction due to combat trauma.

MATERIALS AND METHODS

Study design. The research was conducted on peripheral blood lymphocytes
of men injured as a result of combat operations (shrapnel and bullet wounds) in the
Russian-Ukrainian war, and treated at the Military Medical Clinical Center of the Western
Region (Lviv, Ukraine). The research was conducted in September—December 2023
and January 2024. The research group of men with combat injuries was divided into two
age subgroups: men aged 20-39 years (subgroup 1, n =42) and men aged 40-53 years
(subgroup 2, n = 26). The control group consisted of 48 practically healthy men without
complaints of sexual dysfunction or cardiac, neurological or endocrinological pathology.
Among the men of the control group were 30 men aged 20-39 years (subgroup 3) and
18 men aged 40-53 years (subgroup 4). The collection of peripheral blood was carried
out after the preliminary completion of their clinical examination, before assigning them
a course of treatment.

Lymphocytes isolation. Peripheral blood lymphocytes were isolated according
to the method of A. Boyum (Boyum, 1968). Blood, diluted in a ratio of 1:1 with physio-

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e Bionoriyni CTyaii / Studia Biologica e 2024 e Tom 18 /N2 1 ¢ C. 3-18



6 Roman Fafula, Dmytro Vorobets, Mykola Vorobets et al.

logical solution, was layered in a density gradient of ficol-triumbrast (r = 1.08 g/cm?®) and
centrifuged for 20 min at 500 g. The removed interphase rings of mononuclear cells
were washed twice for 10 min with physiological solution. After the last centrifugation,
a small amount of physiological solution was added to the sediment; it was resuspended
and, with the help of trypan blue, the number of live and dead cells was counted in the
Goryaev chamber. The integrity and viability of blood lymphocytes in all experiments
was at least 95%. Saponin was added to the suspension to permeabilize blood lym-
phocyte membranes and reveal latent enzymatic activities. Blood lymphocytes were
incubated for 10 min with moderate shaking in a solution containing saponin at a con-
centration of 0.2% (optimal concentration).

Enzyme assay. Na',K*-ATP-ase activity of blood lymphocytes was determined
by recording the process of ATP hydrolysis by the accumulation of P, (Veklich, 2007).
Determination of the total ATPase enzymatic activity of cells was carried out at 37 °C
in an incubation medium (volume 1 mL) of the following composition (MM): 120 NaCl,
30 KCI, 5 MgCl,, 1.5 ATP, 1 EGTA, 1 NaN, (mitochondrial ATPase inhibitor), 20 Hepes-
Tris buffer (pH = 7.4), 0.1 uM thapsigargin (selective inhibitor Ca2*,Mg?*-ATP-ase of
endoplasmic reticulum) (Veklich, 2016). The presence of the Ca?* chelator EGTA in the
incubation medium ensured the binding of endogenous Ca?* ions in it.

The ATP-hydrolase reaction was initiated by adding an aliquot of cell suspension
(100 pL) to the incubation medium; the amount of protein in the sample did not exceed
50-100 pg. The duration of incubation was 5 min. The enzymatic reaction was stopped
by adding 1 mL of a cooled “stop solution” of the following composition: 1.5 M sodium
acetate, 3.7% formaldehyde, 14% ethanol, 5% trichloroacetic acid (pH = 4.3). The
“basal” Mg?*-ATPase activity of cells was tested in a similar incubation environment,
but in the presence of 1 mM ouabain, a selective inhibitor of Na*,K*-ATPase (Veklich,
2007). The ouabain-sensitive Na*,K*-ATPase activity of blood lymphocytes was calcu-
lated by the difference between the value of the total ATPase and “basal” Mg**-ATPase
activity and was expressed in ymol P, per minute per 1 mg of protein. Controls for
non-enzymatic ATP hydrolysis and the content of endogenous P, were samples whose
composition corresponded to the standard incubation medium but contained cells with
previously inactivated ATPase by treating them with a “stop solution”.

Ca?",Mg?*-ATPase activity of blood lymphocytes in patients was determined by
recording the process of ATP hydrolysis according to the accumulation of P, (Veklich,
2016). Determination of total Ca?*,Mg?*-ATPase activity was carried out at 37 °C in
an incubation medium (volume 1 mL) of the following composition (mM): 150 KCI;
0.05 CaCl,; 5 MgC1,; 5 ATP; 1 NaN, (mitochondrial ATPase inhibitor); 1 ouabain (inhibi-
tor of Na*,K*-ATPase); 20 Hepes-Tris buffer (pH = 7.4).

To separate the total Ca?*,Mg?*-ATPase activity into components — thapsigargin-
insensitive Ca?",Mg*-ATPase of the plasma membrane and thapsigargin-sensitive
Ca? Mg?*-ATPase of endoplasmic reticulum membranes — a Ca?*,Mg?*-ATPase inhibi-
tor thapsigargin (0.1 uM) was added to the standard Ca?*- and Mg?*-containing incuba-
tion medium. The activity of “basal” Ca?*-independent, Mg?*-dependent ATPase of blood
lymphocytes was determined under the same conditions, but in the absence of CaCl,
and with the addition of 1 mM EGTA and 0.1 yM thapsigargin. Ca?",Mg?*-ATPase of the
plasma membrane was calculated as the difference between Ca?",Mg?*-ATPase activity
in the presence of thapsigargin and “basal” Ca?*-independent, Mg?*-dependent ATPase
activity. Ca?*,Mg?*-ATPase of endoplasmic reticulum membranes was estimated as the
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difference between total Ca?*,Mg?*-ATPase activity and Ca?,Mg?*-ATPase activity in the
presence of thapsigargin. After stopping the enzymatic reaction with a “stop-solution”,
the suspension was centrifuged (10 min, 1500 g) and the content of inorganic phospho-
rus P, was determined in the obtained supernatant.

Statistical analysis. Experimental data were processed by methods of varia-
tion statistics using software MS Office and BioStat LE. Inter-group differences were
determined using non-parametric Kruskal-Wallis test. P value of <0.05 or lower were
interpreted as statisticslly significant. A study of prognostic efficiency tests of biomarker
indicators was carried out using the ROC analysis method. The calculated indicators
of ROC analysis were as follows: sensitivity is a relative indicator of correctly classified
positive cases and specificity is the proportion of incorrectly classified negative cases,
based on which the ROC curve is built — a graph that allows evaluating the effectiveness
of diagnostic tests. The ROC curve is built in the sensitivity coordinates (part of true-
positive test results) and 1 — specificity of the test (in part false-positive test results). Data
analysis was performed using the commercially available statistical software packages
(MedCalc Statistical Software trial version 22.014. (MedCalc Software bvba, Ostend,
Belgium; https://www.medcalc.org; 2023). Diagnostic accuracy was assessed based on
the area under the ROC curve.

RESULTS AND DISCUSSION

Currently, it is known that changes in the concentration of Na* ions in cells can
reflect their physiological or pathological state (Babsky, 2014; Yan & Shapiro, 2016;
Clausen et al., 2017; Pirahanchi & Jessu, 2023). The main enzyme that regulates Na*
concentration in cells is Na*,K*-ATPase (Yan & Shapiro, 2016; Clausen et al., 2017;
Pirahanchi & Jessu, 2023).

When studying different age groups of men with shrapnel and bullet wounds, it was
found that in the blood lymphocytes of men of subgroup 1 (age 20-39 years), the Na*,K*-
ATPase activity is 3.15 (2.1; 3.85) ymol P/min-mg of protein, and in men of subgroup 2
(age 40-53 years) enzyme activity is somewhat lower — 2.92 (2; 3.625) ymol P/min-mg
of protein (Fig. 1). In healthy men of subgroup 3 (age 20-39 years), the Na*,K*-ATPase
activity in peripheral blood lymphocytes is 4.4 (2.775; 8.125) ymol P/min-mg of pro-
tein, and in control subgroup 4 (age 40-53 years) — 4.1 (2.875; 7.15) ymol P/min-mg
of protein. When comparing groups using the Kruskal-Wallis method, we observed
a significant difference in Na*,K*-ATPase activity in blood lymphocytes between men
with ED due to combat trauma and healthy men, specifically between subgroups 1 and 3
(P <0.05) and subgroups 2 and 4 (P <0.005). There is no significant difference in Na*,K*-
ATPase activity between age subgroups both in men with ED due to combat trauma and
healthy men.

Ca?", Mg?*-ATPase activity of cells is also one of the indicators characterizing their
functional state (Stafford et al., 2017; Boczek et al., 2021; Meskalo et al., 2020; Fafula
et al., 2020; Krebs, 2022). It is known that there are two Ca?*-dependent ATPases in
cells: Ca?*,Mg?*-ATPase of the plasma membrane and Ca?*,Mg?*-ATPase of the endo-
plasmic reticulum.

Using specific and non-specific blockers of various ATPases (plasma membrane
and endoplasmic reticulum), we identified the contribution of each of the ATPases
to maintaining Ca?* homeostasis in the cell. Thus, the component of the total ATPase
activity, which was inhibited by the specific Ca*,Mg*"-ATPase blocker of the endoplas-
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mic reticulum thapsigargin (0.1 uM), the Na*,K*-ATPase blocker ouabain (1 mM) and
the mitochondrial H*-ATPase blocker sodium azide (1 mM), was 2.95 (2; 4.125)
pmol P/min-mg of protein (subgroup 3) and 2.7 (2.15; 3.6) pymol P/min-mg of protein
(subgroup 4) (Fig. 2). This activity corresponds to the Ca?*,Mg?*-ATPase activity of the
lymphocyte plasma membrane. In peripheral blood lymphocytes of men with ED due
to combat trauma, the Ca?*, Mg*-ATPase activity of the plasma membrane is 1.7 (0.9;
3.63) ymol P/min-mg of protein in subgroup 1, and 2 (1; 2.45) ymol P,/min-mg of protein
in subgroup 2. A comparison of the groups using the Kruskal-Wallis method reveals
a significant difference in Ca?*, Mg?*-ATPase activity of the plasma membrane in blood
lymphocytes between men with ED due to combat trauma and healthy men, specifically
between subgroups 1 and 3 (P <0.005) and subgroups 2 and 4 (P <0.005). There is no
significant difference in Ca?*, Mg?*-ATPase activity of the plasma membrane between
age subgroups both in men with ED due to combat trauma and healthy men.
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Fig. 1. Na*,K*-ATPase activity of peripheral blood lymocytes in men with erectile dysfunction due to combat
trauma and healthy men, graphical interpretation of the Kruskal-Wallis test, n = 48-68, * P <0.05;

** P <0.005
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Fig. 2. Ca? ,Mg?-ATPase activity of plasma membrane of peripheral blood lymphocytes in men with erectile
dysfunction due to combat trauma and healthy men, graphical interpretation of the Kruskal-Wallis
test, n = 48-68; * P <0.005; ** P <0.005

The component of the total Ca?*,Mg?*-ATPase activity that was inhibited by 0.1 uM
thapsigargin corresponded to the Ca?",Mg?-ATPase activity of the endoplasmic reticu-
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lum. In men of subgroup 1, the activity of this enzyme was 1.65 (0.9; 2.125) ymol P/
min-mg of protein, and in subgroup 2 — 1.1 (0.8; 2.05) pmol P/min-mg of protein (Fig. 3).
In control subgroup 3, Ca? ,Mg*-ATPase activity of endoplasmic reticulum was 2.32
(1.175; 3.1) ymol P/min-mg of protein and in subgroup 4 — 2.6 (2.05; 3) umol P/min-mg
of protein. A comparison of the groups using the Kruskal-Wallis method shows a sig-
nificant difference in Ca?", Mg*-ATPase activity of the endoplasmic reticulum in blood
lymphocytes between men with ED due to combat trauma and healthy men, specifi-
cally between subgroups 1 and 3 (P <0.05) and subgroups 2 and 4 (P <0.001). There
is no significant difference in Ca?",Mg*-ATPase activity of the endoplasmic reticulum
between age subgroups both in men with ED due to combat trauma and healthy men.
It can be seen that activities of Ca?*,Mg?*-ATPases, both PMCA and ERCA, decrease in
men with ED due to combat trauma compared to heathy men. This leads to an overload
of the cytosol with ions. However, a more pronounced decrease occurs with the increa-
sing age of men.
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Fig. 3. Ca? ,Mg?-ATPase activity of endoplasmic reticulum plasma membrane of peripheral blood lympho-
cytes in men with erectile dysfunction due to combat trauma and healthy men, graphical interpretation
of the Kruskal-Wallis test, n = 48-68; * P <0.05; ** P <0.001

The receiver operating curve (ROC) analysis for Na*,K*-ATPase activity, Ca?*,Mg?*-
ATPase of the plasma membrane and Ca?,Mg*-ATPase activity of the endoplasmic
reticulum in various groups of individuals are shown in Figs 4-6. The sensitivity and
specificity of indicators (activity of Na*,K*-ATPase, PM Ca?',Mg?-ATPase, and ER
Ca?",Mg?*-ATPase) were calculated and are summarized in Table.

Results of analysis for Na*,K*-ATPase activity for young men patients showed that
at a cut-off value of 4.7 ymol P/min-mg of protein, sensitivity was 100%, but specific-
ity was reduced to 50.00%. In contrast, for value of <1.4 pmol P/min-mg of protein,
specificity was 100% but sensitivity fell to 0.00%. The area under the ROC curve was
equal 0.707 (95% CI1 0.576 to 0.818, P = 0.0692) (see Table, Fig. 4). On the contrary, at
a cut-off value of <4.6 ymol P/min-mg of protein sensitivity was 100%, but specificity
was reduced to 46.67% for Na*,K*-ATPase activity for aged men patients. The specific-
ity was 100%, but sensitivity fell to 0.00% at less than 1.4 pymol P/min-mg of protein.
The area under the ROC curve was equal 0.737 (95% CI 0.608 to 0.842, P = 0.0644)
(see Table, Fig. 4).
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Fig. 4. Receiver operating characteristic (ROC) curve of Na*,K*-ATPase activity between (A) young men
patients versus control group, and (B) aged men patients versus control group
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Fig. 5. Receiver operating characteristic (ROC) curve of Ca?*,Mg?*-ATPase of the plasma membrane between
(A) young men patients versus control group, and (B) aged men patients versus control group
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Fig. 6. Receiver operating characteristic (ROC) curve of Ca?",Mg?-ATPase activity of the endoplasmic

reticulum between (A) young men patients versus control group, and (B) aged men patients versus
control group
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Area under the ROC curve of Ca?*,Mg?*-ATPase of the plasma membrane in young
and aged men patients were AUC = 0.696 (95% CI 0.563 to 0.808, P = 0.0706) and
AUC =0.733 (95% CI1 0.603 t0 0.839, P = 0.0672), respectively. Cut-off values were <1.4
pmol P/min-mg of protein, and <2.1 pmol P/min-mg of protein, respectively. Ca*,Mg?*-
ATPase of the plasma membrane in young men patients has the highest specificity
(100.00%) and a relatively high sensitivity (50%) (see Table, Fig. 5).

AUC of Ca? ,Mg?-ATPase activity of the endoplasmic reticulum of young men
patients was 0.680 (95% CIl 0.547 to 0.795, P = 0.0699). Diagnostic specificity was
50.00% with the cut-off value of 2.2 ymol P/min-mg of protein, (see Table, Fig. 6).

The diagnosis value of individual indicators

Standard error 95% CI Sensitivity Specificity

Markers AUC (for AUC) (for AUC) (%) (%)

MEFIS e 0.707 00692 0576t00.818 100.00  50.00  0.0027
young men patients
Na'K-ATPaseaged (737 (044 0608100842 10000  46.67  0.0002
men patients

2+ 2+_
PMCa™Mg™-ATPase , qo6 0706  0563100.808 50.00 10000 0.0056
young men patients

2+ 2+_
PMCa™Mg™-ATPase 743 0672 0603100839 73.33 76.67  0.0005
aged men patients

2+ 2+_
EP Ca*.Mg™-ATPase ooy 00699 0547100795 83.33 50.00  0.0100
young men patients
EP Ca?,Mg?-ATPase

. 0.818 0.0568 0.698 to 0.906  76.67 76.67  <0.0001
aged men patients

The best value AUC = 0.818 (95% CI1 0.698 to 0.906, P = 0.0568) was reached by
a parameter Ca?",Mg?*-ATPase activity of the endoplasmic reticulum in aged men
patients (see Table, Fig. 6B), Cut-off value was <2 pmol P/min-mg of protein showing
the sensitivity of 76.67% and the specificity of 76.67% (see Table, Fig. 6).

It is known that ion homeostasis is an important indicator of the body’s functional
activity. It is provided by the superposition of different ion transport systems of the cell,
among which the leading role belongs to Na*,K*-, Ca?*,Mg*- and H*-ATPases. Na*,K*-
ATPase is the main enzyme of cytoplasmic membranes, which performs a highly spe-
cialized function in eukaryotic cells — energy-dependent transport of Na* and K* ions,
and thereby ensures maintenance of the electrochemical gradient and osmotic potential
of monovalent ions in the cell, which is a necessary precondition for their functioning
(Babsky, 2014; Cao et al., 2020; Fafula et al., 2020; Krebs, 2022). In this regard, the
enzyme plays a key role in the implementation of numerous cellular functions and pro-
cesses that depend on the presence of ion gradients (Bartlett et al., 2018; Liu et al.,
2018). The study of changes in Na*,K*-ATPase activity in pathological conditions is of
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great interest to researchers in medical and biological practice. In particular, significant
violations of the mechanisms of ouabain-sensitive and ouabain-resistant transport of
monovalent ions have been shown in many mental illnesses (Clausen et al., 2017).
Mutations in the Na*,K*-ATPase genes, in which the isoforms of the a-subunit of this
enzyme are encoded, have severe physiological consequences, often causing neuro-
logical diseases (Clausen et al., 2017). Changes in kinetic properties of Na*,K*-ATPase
were found in spermatozoa from fertile and infertile men (Fafula et al., 2019).

A significant decrease in the Na*,K*-ATPase activity of erythrocytes was revealed
in patients with atrial fibrillation, ventricular and supraventricular extrasystole, hyperten-
sion; a violation of the working mechanisms of Na*, K*-ATPase was observed in com-
bination with other cardiovascular diseases (Babsky, 2014; Clausen et al., 2017; Yan
& Shapiro 2016). Cardiotonic steroids, such as digitalis, have been shown to mediate
signal transduction through Na*,K*-ATPase in a process that has been reported to lead
to the generation of reactive oxygen species (Yan & Shapiro, 2016). A direct relation-
ship between the Na*,K*-ATPase activity and oxidative stress was also demonstrated
by other authors (Bartlett et al., 2018). Over the past two decades, extensive research
has been conducted to understand the signaling function of Na*, K*~ATPase and to
define its role in physiological and pathophysiological conditions. It was shown that the
Na*,K*-ATPase signaling cascade can function as an amplifier of reactive oxygen spe-
cies, which can be initiated by cardiotonic steroids or by an increasing ROS concentra-
tion (Liu et al., 2018).

A decrease in the activity of Na*,K*-ATPase and a corresponding increase in the
concentration of Na* in cells in various pathological conditions is quite a common phe-
nomenon. This is primarily evidenced by direct measurements of Na* concentration in
cells using nuclear magnetic resonance (Babsky, 2014). Thus, a decrease in the activity
of enzymes of the glycolytic cycle and Na*,K*-ATPase in diabetic cardiomyocytes led
to an increase in the level of [Na*], (Babsky, 2014; Cao et al., 2019; Nwia et al., 2022).
The authors suggest that the increase in [Na*], activates the Na*/Ca?*-exchanger in the
mitochondrial membrane and leads to a decrease in the concentration of Ca?" in the
mitochondria, and thus to the inhibition of Ca?*-dependent bioenergetic processes. It
has been shown that Na* ions are involved in the restoration of heart functions through
the normalization of intracellular concentrations of Ca?* and H* (Yan & Shapiro, 2016).
These processes are mediated mostly through Na*/H*- and Na*/Ca®"-ion transport
mechanisms (Cao et al., 2020).

During a comparative analysis of changes in total tissue and intracellular Na* in
RIF-1 fibrosarcoma tumors, it was found that against the background of an almost
unchanged level of [Na*], in an untreated tumor, the level of [Na*] increases, obviously
as a result of a decrease in the bioenergetic status of the cell and the activity of Na*,K*-
ATPase. A decrease in the activity of Na*,K*-ATPase was established during malignant
transformations of spleen cells. It was found that the increase in [Na*], due to the inhi-
bition of Na*,K*-ATPase activity, is characteristic of various pathologies, in particular
those associated with the development of hypoxic conditions in tissues (Babsky, 2014).

Direct measurement of Na* concentration in cells confirmed the possibility of using
this cation as an integral indicator of metabolic processes (Babsky, 2014). Thus, [Na*]
increases by 2.5 times after initiation of anoxia, primarily reflecting a decrease in the
activity of Na*,K*-ATPase in acidified anoxic muscle tissue. As evidenced by the given
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data, changes in the concentration of Na* ions in cells reflect physiological and meta-
bolic transformations that occur in various pathological conditions, and can be used as
an integral indicator of these transformations. The level of Na*, is much more sensitive
to pathological changes than the level of Na*, (Babsky, 2014).

The ion-transporting activity of the Na*,K*-pump changes under the influence of
hormones, growth factors, and stress factors. As a component of the cell’s life support
system, the sodium pump is under control of various types of regulatory mechanisms
that ensure both rapid and long-term changes in the intensity of ion flows through the
plasma membrane (Bartlett et al., 2018; Pirahanchi & Jessu, 2023). The change in
sodium pump activity induced by the activation of hormone or growth factor receptors is
associated with a change in the kinetic parameters of Na*,K*-ATPase subunits, as well
as with the incorporation of new ATPase components from the inactive intracellular pool
into the membrane (Bartlett et al., 2018; Pirahanchi & Jessu, 2023).

The activities of Ca?*,Mg?-ATPases of the plasma membrane and endoplasmic
reticulum also characterize the functional state of cells and the whole organism (Fafula
& Vorobets, 2019; Boczek et al., 2021). Micromolar concentrations of Ca?* in cells are
maintained due to Ca?*,Mg**-ATPases. It has been shown that the activity of Ca?*,Mg?'-
ATPase is inhibited in both type 1 and type 2 diabetes (El Haouari, 2008). At the same
time, the content of saturated and polyunsaturated fatty acids increases, which is accom-
panied by a decrease in the activity of membrane-bound ATPases. Activation of lipid
perocsidation processes in pathological conditions leads to changes in the activities of
membrane-bound enzymes, in particular Na*,K*-ATPase (Bartlett et al., 2018; Liu et al.,
2018). So, under the conditions of the development of ED, the activity of the enzyme
decreases. This slows down the outflow of Ca?* from the cytosol and may indicate that
the concentration of Ca?* in the cell is increasing. The accumulation of Ca?* in cells and
a decrease in the level of ATP leads to a decrease in the activity of ion pumps and over-
loading of the cytosol with calcium. On the other hand, an increase in Ca?* concentration
leads to the activation of Ca?"-dependent phospholipase A2, as a result of which lyso-
fractions of phospholipids and free fatty acids accumulate in membranes. The above
is in agreement with the data which show that the increased accumulation of calcium
ions in lymphocytes in diabetes and hypertension is due to a decrease in the activity of
Ca?",Mg?*-ATPase of the plasma membrane and modulation of the Na*/Ca?* exchange
(Nwia et al., 2022). An increase in the concentration of ionized calcium in the cytoplasm
in various pathological conditions is a widespread phenomenon. These data fully agree
with those obtained on platelets (El Haouari, 2008, 2009). In arterial hypertension, for
example, Ca?" channel blockers (diltiazem, nifedipine, nicardipine, etc.) are widely used
to prevent excessive influx of Ca? into cells (Stafford et al., 2017). Disturbances in the
functioning of the complex system of Ca?"-binding and Ca?"-transporting mechanisms
naturally leads to a violation of calcium homeostasis, causes failures of the regulatory
function of Ca?* and multiple pathological changes and metabolic shifts that are harmful
to the cell. With dysfunction of Ca?*,Mg?*-ATPase and an increase in the concentration
of Ca?* in the cell, the activity of a whole complex of enzyme systems that are activated
by calcium increases, including Ca?-dependent proteases, the intensification of which
contributes to the degradation of proteins.

ROC analysis of markers for Na*,K*-ATPase activity for young men patients and
aged men patients, Ca?*,Mg?*-ATPase activity of the endoplasmic reticulum for young
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men patients reported in Tables shows that they are more sensitive than specific. Ca?",
Mg?*-ATPase activity of the endoplasmic reticulum is a sensitive parameter for erectile
dysfunction in aged men. This marker can be a predictive biomarker by ROC-AUC.
ROC curve analysis showed good diagnostic accuracy for Na*,K*-ATPase activity for
both groups, Ca%*,Mg?-ATPase of the plasma membrane for aged men patients and
Ca?",Mg?*-ATPase activity of the endoplasmic reticulum for aged men patients versus
control group with the AUC of 0.707, 0.737, 0.733, 0.818, respectively, suggesting their
potential use as biomarkers for diagnosis of erectile dysfunction.

CONCLUSION

Erectile dysfunction due to combat trauma is accompanied by a decrease in both
Ca? ,Mg*-ATPase activity of the plasma membrane and Ca? ,Mg?-ATPase activity
of endoplasmic reticulum of blood lymphocytes. As the age of patients with sexual
function disorders increases, the decrease in Ca?,Mg?-ATPase activities becomes
more expressed. In men with erectile dysfunction due to combat trauma, the activity
of Na*,K'-ATPase is also inhibited. According to the ROC curve, Ca?",Mg?*-ATPase
activity of the endoplasmic reticulum in blood lymphocytes is a potential biomarker of
erectile dysfunction.
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®OYHKUIOHYBAHHA AT®-3ANEXHUX IOH-TPAHCMOPTYBAJIbHUX CUCTEM
B IMYHOKOMMNETEHTHUX KNITUHAX YONOBIKIB 3A EPEKTUIILHOI
AUC®YHKLII, OBYMOBJIEHOI BOMOBOIO TPABMOIO

Poman ®acgpyna, l[mumpo Bopobeub, Mukona Bopobeub, OkcaHa MesnibHUK,
OneHa OHy¢hpoeuy, AHHa BecediHa, 3opsiHa ®edopoeuy, 3iHoeili Bopobeub

JIbgigcbKuli HayjioHanbHUl Medu4Hul yHieepcumem imeHi JaHuna [anuybko2o
syrn. lMekapacbka, 69, Jibeie 79010, YkpaiHa

Bctyn. [ocrnigkeHHss npobnemu ¢isv4HOrO Ta MCUMXIYHOro 300pOB’A Ntogen,
AKi nepexunu 6onoBy TpaBMy, € CKNaLoBOK LUMPOKOro Nomsi AocnigkeHs npobrnemu
CTpecy, WO NPOSABMSIETbCA Ha BCiX PIBHAX opraHisauii opraniamy. bonosi TpaBmu,
30KpeMma, AiNsHKM Tady Ta cevyocTaTeBOl CUCTEMU, CTPECOBI SBMLLA NPU3BOAATL 40 PO3-
BUTKY €PEKTUINbHOT AUCKYHKLIT. 3a OCTaHHE EeCATUNITTS HaKoNUYMnacsa OCTaTHS KiNnb-
KICTb HayKoBMX (PakTiB, SKi NigTBEPAXYIOTb 3HAYHMI BMIIMB CTPECOPHUX YMHHUKIB Ha
3HWKEHHSA CTATeBOro MOTAry Ta CEKCyanbHOI akTUBHOCTI. TOMY OOCHIOKEHHS, Taki K
BM3HaueHHs1 Ca?",Mg?*- Ta Na*,K*-ATdasHoi akTMBHOCTI Ha 3pyydHii mogeni — nimdo-
uMTax nepmndepuyHoOl KpoBi, 4o4aTb KOMMAEKCHOCTI B PO3YMiHHI pO3BUTKY naTtodisio-
NoriYHUxX i NaTobioXiMiYHNX MEXaHiI3MIB OpraHiamy, pesyrnsraTtoM sikux € po3BuTok EL.

Matepianu ta metoau. [JJocnimxeHHs npoBoaMnM Ha niMmdoumTax nepudepuy-
HOI KPOBi YONOBIKIB, SIKi NOCTpaXkganu yHacnigok 6omoBux Aii (OCKOMKOBI Ta KynboOBi
MOpPaHEHHS) Y POCIACBbKO-YKPaiHCLKIN BilHI Ta SIKi NPOXOAWUNN NikyBaHHSA y BilicbkoBO-
MeaMYHOMY KniHiYHOMY LeHTpi 3axigHoro perioHy. JocnigHy rpyny 4onosikis i3 6oio-
BMMW TpaBMaMu po3ginunu Ha Agi: Yonosikn Bikom 20—-39 pokiB (rpyna 1) i 4onoB.iku
BikoM 40-53 poku (rpyna 2). KoHTponbHa rpyna ckrnaganacs 3i 48 npakTnyHoO 300pOBuUX
YonoBiKiB 6€3 ckapr Ha cekcyarnbHy ANChYHKLIIO Y KapaionoriyHy, HEBPOorivyHy abo x
€HOOKPUHOMOTiYHY naTonorito. Y KoHTponbHin rpyni 6yno 30 yonosikie Bikom 20-39
pokiB (rpyna 3) i 18 yonogikiB Bikom 40-53 poku (rpyna 4).

Pesynbratn. 3'scoBaHo, WO B nimdountax nepudepruyHoi KpoBi YOMOBIKIB, SKi
nocTpaxganu BHacnigok OonoBux fin, BioOyBaeTbca 3HWXKeHHs Na' ,K*-ATdasHoi
akTmBHocTi Ta Ca?",Mg?"-ATdasHoi akTUBHOCTI nnasMaTuyHoi MembpaHu i eHaonnas-
MaTUYHOIO PETUKYNYMY, LLO NPU3BOAUTL OO NEpPEBaAHTaXEHHS LMTO30MK0 BiANOBIgHO
oHamu Na*i Ca?', a Le xapaKkTepHe AJ1si NaToNorivyHMX NpPoLeCiB.

BucHoBku. EpektunbHa ancdyHkuis, odymoBrieHa 60M0BO TpaBMO, CynpoBo-
OXKYETbCS 3HMKEHHSAM sk 3aranbHoi Ca?* Mg?*-ATdasHoi akTuBHOCTI, Tak i Ca?",Mg?*-
AT®asHol aKTMBHOCTI NnasMaTuyHOi membpaHu 1 eHOoNNasMaTUYHOro PEeTUKYNymy
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niMouuTiB, O CBIAYMTL MPO 3POCTaHHSA KOHLEHTpaLUil MOHI30BaHOro KanbLito y Kni-
TUHaX | MOPYLUIEHHSA PErynsiTopHUX MeXaHi3aMiB KMiTMHW. 3i 3pOCTaHHSIM BiKy MaLlieH-
TiB i3 po3nagamu cekcyanbHoi dyHKUii 3HMKeHHs Ca?',Mg*-ATdasHux akTUBHOCTEMN
HapocTae. 3a epeKTUNbHOT ANCAYHKLIi YOMOBIKIB iHrBGyeTbCA TakoX akTUBHICTL Na*,K*-
AT®asn, Wwo npu3BoauTb 4O HakonuyeHHa Na* B uMtonnasmi Ta OO MOpPYLUEHHS KAi-
TUHHUX dOyHKUin. BignoeigHo go kpusoi ROC aHanisy Ca?*,Mg?*-ATda3Ha aKkTUBHICTb
€eHAoNIa3MaTUYHOro PETUKYNymMy niMdounTiB NepudeprnyHOi KpoBi € MOTEHLINHUM Bio-
MapKepoOM epPEKTUNBbHOI ANCAYHKLIT.

Knrovoei cnoea: epektunbHa auncdyHkuis, Ca?',Mg?-ATdasza, Na',K*-ATdasa,
nimdoumTun, 6Gonosa TpaBma
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