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Introduction. Most military personnel survive serious injuries, but many are left to
live with long-term sexual and reproductive disorders. The injuries often result in psycho-
logical trauma and post-traumatic stress disorder, which negatively affect behavioral
health and sexual function. There is emerging evidence linking erectile dysfunction (ED)
to oxidative stress. Overall, combat trauma is characterized by a broad response of the
body to harmful effects involving all body systems, leading to significant changes in the
pro-oxidant-antioxidant balance.

Materials and Methods. The study was conducted on peripheral blood lympho-
cytes and serum of men with ED due to combat trauma (shrapnel and bullet wounds)
and healthy men (control group). Both the study and control groups were divided into
two age groups (young and middle age groups). Antioxidant activity was studied by
measuring glutathione peroxidase (GPx), glutathione reductase (GR) and glutathione
S-transferase (GsT).

Results. A comparison of the groups using the Kruskal-Wallis method revealed
a significant decrease in the GPx and GR activity in blood lymphocytes and serum
in men with ED due to combat trauma compared with healthy men of corresponding
age groups. It was shown that GPx activity in peripheral blood lymphocytes of patients
of the young age group was 1.64-fold lower, and in patients of the middle age group
1.70-fold lower than in the control group (P <0.001). Similar changes were observed
in blood serum. GR activity in blood lymphocytes in patients of the young and mid-
dle age groups was 1.42-fold lower than in healthy men (P <0.001). In blood serum,

© 2025 Roman Fafula et al. Published by the Ivan Franko National University of Lviv on behalf of Bionoriuni Ctyaii / Studia Biologica.
This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 License which permits unrestricted
5Y reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e Bionoriyni Ctyaii / Studia Biologica e 2025 e Tom 19/ Ne 1 e C. 3-14


https://doi.org/10.30970/sbi.1901.819
www.http
publications.lnu.edu.ua/journals/index.php/biology
https://orcid.org/0000-0002-0121-9093
mailto:roman_fafula%40ukr.net?subject=
https://orcid.org/0000-0002-6104-5769
https://orcid.org/0000-0002-8431-5151
https://orcid.org/0000-0002-3852-7217
https://orcid.org/0000-0001-7921-6178
https://orcid.org/0000-0001-5152-219X
https://orcid.org/0000-0002-9872-9451
https://orcid.org/0000-0001-9751-7556
https://orcid.org/0000-0001-6016-0186
https://orcid.org/0000-0001-8550-6980
https://doi.org/10.30970/sbi.1603.686
https://doi.org/10.30970/sbi.1901.819
https://doi.org/10.30970/sbi.1901.819
https://doi.org/10.30970/sbi.1801.754

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

GR activity in patients of the young age group was 1.70-fold (P <0.001) and in patients
of the middle age group 1.56-fold lower than in healthy men (P <0.001). GsT activity in
blood lymphocytes in both age groups increases by 1.2-fold, however these changes
were not significant (P >0.05).

Conclusion. Erectile dysfunction caused by combat trauma is accompanied by
a significant decrease in the activities of antioxidant defense enzymes — glutathione per-
oxidase and glutathione reductase. There is no difference between age groups of patients
with erectile dysfunction due to combat trauma. However, the activity of glutathione
S-transferase practically does not change, although there is a tendency for its increase.

Keywords: glutathione peroxidase, glutathione reductase, glutathione
S-transferase, erectile dysfunction, combat trauma

INTRODUCTION

In modern wars, particularly the Russian-Ukrainian conflict, most soldiers are
exposed to severe injuries, which are mostly complex multisystem polytrauma. Many
of them remain to live with long-term sexual disorders (Breyer et al., 2014; Bird et al.,
2021). The injuries often result in psychological trauma from war, which has long-lasting
effects on behavioral health and post-traumatic stress disorder (PTSD), which nega-
tively impacts sexual function (Banti ef al., 2016; Castillo et al., 2022). In men, sexual
dysfunction may include erectile dysfunction (ED), delayed ejaculation, hypoactive
sexual desire, premature ejaculation. ED is also a predictor of cardiovascular disease,
dementia, Parkinson’s disease, and premature mortality from various causes.

The connection between ED and oxidative stress was demonstrated (Chen et al.,
2024). In general, combat trauma is characterized by a broad response of the body to
harmful effects involving all body systems, which leads to significant changes in the prooxi-
dant-antioxidant balance. The content and activity of endogenous antioxidants in cells
and the body decreases, and the intensity of free radical processes increases sharply
(Fishman et al., 2013; Frati et al., 2017; Schwarz et al., 2017). During the development
of traumatic shock, the hyperproduction of free radicals and reactive oxygen species not
only causes direct cell damage, but also many indirect effects. A number of studies have
shown that the degree of free radical damage has a positive correlation with the severity
of the injury and the inflammatory process (Ince & Mik, 2016; Forrester et al., 2018).

Post-traumatic stress disorder can also lead to negative impacts on quality of life and
functional impairments in various areas, including sexual dysfunction (Danielsson et al.,
2018; Highfill-McRoy et al., 2022). Post-traumatic stress disorder is associated with higher
rates of ED, decreased sexual desire, and premature ejaculation. Combat-related injuries
can have significant consequences for the fertility of military personnel, as they typically
serve during their peak sexual activity years (Castillo et al., 2022). Oxidative stress, pri-
marily through the accumulation of reactive oxygen species, disrupts endothelial function,
reduces NO bioavailability, and contributes to vascular dysfunction, which determines all
key mechanisms of the onset and progression of ED (Kaltsas et al., 2024). Cell protection
from free radicals, in particular reactive oxygen species and lipid peroxidation products, is
extremely important for ensuring proper functioning of the body. Studies have shown that
the use of antioxidants and antihypoxants leads to a progressive improvement in survival
rates due to a significant reduction in oxidative stress, inflammatory reactions and nor-
malization of homeostasis (Bjugstad et al., 2016; Matsumoto et al., 2019).
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The glutathione antioxidant system is one of the most important systems which pro-
tects cell against oxidative stress. It includes enzymatic (glutathione peroxidase GPx,
glutathione reductase GR, glutathione S-transferase GsT) and non-enzymatic compo-
nents (reduced glutathione GSH). The glutathione system plays an important role in
suppressing the pathophysiological process, and its depletion (decrease in GSH con-
tent and enzyme activities) can lead to severe cytotoxic and destructive damage. GSH
is able to quickly mobilize with an increase in the content of reactive oxygen species,
which provides cell resistance to lipid peroxidation, free radicals, protein alkylation, and
prevents damage to the DNA structure (Georgiou-Siafis et al., 2023; Lapenna, 2023).

Our previous studies have shown an increase in the MDA content in the blood
serum of patients with ED injured as a result of combat. At the same time, no sig-
nificant changes in the concentration of oxidized glutathione in the serum and blood
lymphocytes were found between men with ED due to combat injury and healthy men
(Onufrovych et al., 2024). Literature data on the activity of glutathione antioxidant sys-
tem status in men with ED are practically absent.

The aim of our work was to assess the activities of glutathione-dependent enzymes:
glutathione S-transferase (GsT), glutathione peroxidase (GPx) and glutathione reduc-
tase (GR) in lymphocytes and blood serum of men with erectile dysfunction who suf-
fered as a result of hostilities.

MATERIALS AND METHODS

Study design. The study was conducted on blood lymphocytes and peripheral
blood serum of men with ED who suffered from combat injuries (shrapnel and bullet
wounds) in the Russian-Ukrainian conflict and who were treated at the Military Medical
Clinical Center of the Western Region. 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 (young age group, n = 42)
and men aged 40-53 years (middle age group, n = 26). Exclusion criteria: clinically
significant comorbidities cardiovascular, hepatic, thromboembolic, neurological, onco-
logical or endocrine, history of retroperitoneal surgery or radiotherapy, consumption of
medications that affect ejaculation, abuse or dependence on psychoactive substances.

The control group consisted of 48 practically healthy men without complaints of
sexual dysfunction or cardiac, neurological or endocrinological pathology. The control
group included two subgroups: the young age group (20-39-year-olds, n = 30) and the
middle age group (40-53-year-olds, n =18). The collection of peripheral blood was car-
ried out after the preliminary completion of their clinical examination, before assigning
them a course of treatment. The distribution of patients with ED by groups was quite
homogeneous in terms of body weight, severity of injuries and severity of the condition
upon admission to the clinic, the amount of blood loss, tactics of surgical correction.

Lymphocytes isolation. Peripheral blood lymphocytes were isolated according
to the method of A. Boyum. Lymphocytes were collected from men in the study groups
after their clinical examination was completed and before the treatment course was
prescribed. Blood, diluted in a ratio of 1:1 with physiological solution, was layered in
a density gradient of ficol-triumbrast (p = 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
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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 lymphocyte membranes
and reveal latent enzymatic activities. Blood lymphocytes were incubated for 10 min
with moderate shaking in a solution containing saponin at a concentration of 0.2 %
(optimal concentration).

Enzyme assay. The antioxidant activity in blood lymphocytes and serum was ana-
lyzed at the time of admission to the urology clinic. The activity of glutathione-depend-
ent enzymes was determined in blood serum and in saponin-permeabilized peripheral
blood lymphocytes. GPx activity was determined by the amount of reduced glutathione
(GSH), which was used to neutralize hydrogen peroxide in the glutathione peroxidase
reaction, considering the dilution of the biological material in the sample and the micro-
molar absorption coefficient of the thionitrophenyl anion at a wavelength of 412 nm
(11.4 cm?/uM) (Tramer et al., 2004). GR activity was determined spectrophotometrically
by the decrease in optical density as a result of NADPH oxidation at a wavelength of
340 nm. GsT activity was assessed by the rate of formation of the conjugate with
1-chloro-2,4 dinitrobenzene, which is characterized by an absorption maximum at
346 nm (Raijmakers et al., 2003).

Statistical analysis. Experimental data were processed by methods of variation
statistics using MS Office and BioStat LE software. Inter-group differences were deter-
mined using non-parametric Kruskal-Wallis ANOVA with Dann’s post-hoc test. P values
of <0.05 or lower were interpreted as statistically significant.

RESULTS AND DISCUSSION

A comparison of the groups using the Kruskal-Wallis method revealed a significant
decrease in the GPx activity in blood lymphocytes and serum between men with ED
due to combat trauma and healthy men of corresponding age groups. Specifically, the
GPx activity in peripheral blood lymphocytes of patients of the young age group was
1.64-fold lower, and in patients of the middle age group 1.70-fold lower than in the
control group (P <0.001) (Fig. 1A). Similar changes were observed in blood serum
(Fig. 1B). Specifically, the GPx activity in blood serum in patients of the young age
group was 1.52-fold lower and in patients of the middle age group 1.54-fold lower than
in healthy men (P <0.001). No significant difference in GPx activity between age groups
both in men with ED due to combat trauma and healthy men was detected.

GR activity in blood lymphocytes and serum in patients with ED due to combat
trauma of both age groups was significantly lower than in the control group (Fig. 2).
Specifically, GR activity in blood lymphocytes in patients of the young and middle age
group was 1.42-fold lower than in healthy men (P <0.001). In blood serum, GR activity
in patients of the young age group was 1.70-fold (P <0.001) and in patients of the middle
age group 1.56-fold lower than in healthy men (P <0.001). No significant difference in
GR activity between age groups both in men with ED due to combat trauma and healthy
men was detected.

Another important GSH-dependent enzyme is GsT. In patients with ED due to com-
bat trauma, the enzyme activity in blood lymphocytes in both age groups increased
by 1.2-fold, however these changes were not significant (P >0.05) (Fig. 3A). Also, no
significant increase in GsT activity was detected in serum (Fig. 1B).
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Fig. 1. Glutathione peroxidase activity of peripheral blood lymphocytes (A) and blood serum (B) in men with
erectile dysfunction due to combat trauma and healthy men, graphical interpretation of the Kruskal—

Wallis test, n = 18-42, * P <0.001
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Fig. 2. Glutathione reductase activity of peripheral blood lymphocytes (A) and blood serum (B) in men with
erectile dysfunction due to combat trauma and healthy men, graphical interpretation of the Kruskal—
Wallis test, n = 18-42, * P <0.001

Alongside the intensification of lipid peroxidation processes, as previously reported
regarding membrane-bound ATPase activity (Onufrovych et al., 2024; Vorobets et al.,
2024), our present study identified changes in the activity of enzymes in the glutathione
antioxidant system in men with erectile dysfunction due to combat trauma. The decrease
in the GPx activity, which reduces lipid hydroperoxides, is apparently associated with
the intensification of lipoperoxidation processes in membrane structures. The level of
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Fig. 3. Glutathione S-transferase activity of peripheral blood lymphocytes (A) and blood serum (B) in men
with erectile dysfunction due to combat trauma and healthy men, graphical interpretation of the
Kruskal-Wallis test, n = 18—42

GPx activity in the cell depends on the functioning of GR, which catalyzes the reduction
of oxidized glutathione (GSSG) to its reduced form. Since GR is an NADPH-dependent
enzyme its activity is inhibited as a result of accumulation of the oxidized form of the
nucleotide. Thus, a decrease in GR activity may also be caused by a decrease in NADPH
content under pathological conditions. The normal functioning of NADPH-dependent
GR is extremely important for preventing oxidative damage to biomembranes that are
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unable to synthesize GSH de novo, and therefore depends on the intensity of reduc-
tion of oxidized glutathione by GR and its influx from the cytosol. The decrease in GSH
content is apparently due to dysfunction of CR, which requires NADPH as a source of
reducing equivalents (Kand’ar & Hajkova, 2014; Vaskova et al., 2023).

Given the important role of GSH in numerous biochemical and physiological pro-
cesses, including differentiation, proliferation, apoptosis, disruption of its homeostasis
may indicate the development of pathological changes. Researchers have shown that
a decrease in GSH content, due to both an increase in free radical formation caused
by hyperglycemia and a decrease in NADPH levels, can impair endothelial cell function
(Reyes et al., 2015). This condition may play an important role in the etiology of some
clinical signs, such as ED (Tagliabue et al., 2005).

GSH and GSH-dependent enzymes are known to play an important role in the
inactivation of free radicals. The reduced form of glutathione (GSH) is the most impor-
tant cellular antioxidant and is also a necessary cofactor for nitric oxide (NO) syn-
thase, which synthesizes NO from L-arginine. Therefore, depletion of GSH may lead to
a decrease in NO synthesis and, consequently, to impaired vasodilation in the corpora
cavernosa (Tagliabue et al., 2005).

In our study, the enzyme activity of GPx and GR was significantly reduced in men
with ED who were injured as a result of combat trauma. The decrease in the GR activity
may be due to the fact that its functioning depends on the content of intracellular GSH.
The latter is not only a substrate of reactions, but also a factor important for the constant
restoration of selenol groups located in the catalytic center of the enzyme, which are
oxidized during the reaction catalyzed by the enzyme.

A significant decrease in the GPx and GR activity is directly related to an increase
in the level of lipid peroxidation products and a deterioration in the state of redox bal-
ance in the studied groups of men. These changes indicate that under conditions of
injury and the development of ED in men, the compensatory mechanisms of the glu-
tathione antioxidant system are depleted, as evidenced by the suppression of GPx and
GR activity (Jomova et al., 2023).

It should be noted that GPx can prevent the accumulation of secondary peroxida-
tion products, however it is not able to neutralize them, unlike GsT. Since GsT plays
a critical role in defense mechanisms against oxidative stress in all life forms, GSTs
activity also has been widely used as a biomarker to detect stress (Farombi et al.,
2007). In our previous study, it was shown that sperm GSTs enzyme assays can be
used as a bioindicator for impaired male fertility (Vorobets et al., 2018). A slight increase
in GsT activity in the serum and blood lymphocytes of men with ED due to combat
trauma, demonstrated in the present study, can be considered a compensatory reaction
to a decrease in GPx activity under conditions of prolonged oxidative stress. However,
changes in GsT activity were not significant.

The present study proves the importance of glutathione antioxidant system in the
etiology and pathophysiology of ED due to combat trauma. The results of the present
study should be considered in the context of its limitations. Patients of both studied
groups represent a highly heterogeneous population. The present study investigated
the enzyme activity of GPx, GR and GsT only with 66 patients with ED due to combat
trauma. The possible role of other factors (for example lifestyle factors, diseases his-
tory etc.) should be taken into account.
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CONCLUSION

Erectile dysfunction due to combat trauma is accompanied by a significant decrease
in the activity of such antioxidant defense enzymes as glutathione peroxidase and glu-
tathione reductase in both blood lymphocytes and serum. The study did not reveal any
differences between age groups of patients with erectile dysfunction due to combat
trauma. In men with erectile dysfunction caused by combat trauma, glutathione S-trans-
ferase activity remains largely unchanged.
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CTAH IMYTATIOHOBOI AHTUOKCUAAHTHOI CUCTEMMU Y HONOBIKIB
3 EPEKTUNIbHOIO AUC®YHKUIEKD, OBYMOBJIEHOO EOMOBOIO TPABMOIO

Poman daghpyna, Mukona Bopobeub, mumpo Bopobeub,

OneHa OHy¢hpoeuy, 3opsiHa Pedopoeuy, AHHa becediHa,

Hamanisi FpomHaubka, AHOpIt CubipHull, 3iHoeili Bopobeuyb, Opecm Yemepuc
JIbgiecbKull HayjoHanbHUlU MeduyHull yHieepcumem imMmeHi JaHuna anuybkoao

syn. lNekapceka, 69, Jlbeie 79010, YkpaiHa

BcTtyn. BinbLwicTb BINCbKOBMX BXXMBAKOTL MiCIS BaXXKMX NOpPaHeHb, 04Hak 6arato
3 HUX 3anULIAIOTLCH XUTWM 3 TPUBANUMU CeKCyanbHUMW Ta CTaTeBMMM po3nagamu.
YHacnigok nopaHeHb 4acTo BMHWMKAKOTb MCUXOMOriYHI TpaBMu i MOCTTPaBMaTUYHUN
CTpecoBuWi po3nag, Lo HeraTMBHO BMAMBAKOTb Ha NOBEAiHKOBE 300POB’A Ta CEKCyarnbHy
dyHKUil0. 3’ABNSATLCA AaHi NpO 3B’s1I30K MiX epekTuribHo ancdyHkuieto (EL) i pos-
BUTOKOM OKCMAATUBHOIO CTpecy. 3aranom, 6bornosa TpaBma Npu3BOAWTb A0 3aralbHOi
peakuii opraHiamy Ha LUKiANVBUIA BNAYB i3 3ary4YeHHSIM YCiX CUCTEM OpraHi3my, Lo 3Ha-
YHO 3MIHIOE NOKa3HMKN MPOOKCUAAHTHO-aHTMOKCUAAHTHOro 6anaHcy.

Marepianu Ta metoam. [locnigxeHHs npoBoannm Ha nimdounTax nepmdepruyHol
KpOBi Ta cupoBaTui KpoBi Yonosikis 3 E[l yHacnigok 60110BOI TpaBMy Ta 300POBKX YOrO-
BiKiB (kOHTponbHa rpyna). OCHOBHa Ta KOHTpOmnbHa rpynu 6ynu nogineHi Ha ABi BiKOBI
rpynu (MonogLua Ta cepegHsi Bikosi rpynu). AHTMOKCMAAHTHY aKTMBHICTb JOCNiAXyBanu
3a BU3HAYEHHSAM aKTUBHOCTI rnyTaTtioHnepokcuaasun (GPx), rmyTtaTioHpeaykTtasm (GR)
Ta rnyTaTioH S-TpaHcgepasu (GsT).

PesynstaTu. [OpIiBHSAHHA rpyn 3a [OMOMOrOK HenapameTpUYHOro  KpUTEepito
Kpyckana—Bonnica B1ABMIO AOCTOBIpHE 3HWKeHHs akTuBHocTi GPx i GR y nimdoum-
Tax KpoBi Ta CMPOBATL,i KpOBi MiX YoroBikamu 3 E[l BHacnigok 6onosoi TpaBMu Ta 300-
pPOBMMM YOMOBIKaMK BifNOBIAHOI BiKOBOI rpynu. BuseneHo, wo aktueBHicTb GPx y nim-
dounTax nepmdepmnyHoi KpoBi NauieHTiB Monoawol BikOBOi rpynu Byna B 1,64 pasa
HWKYOH0, @ Y MauieHTiB cepedHboi BiKOBOI rpynu B 1,70 pasa HUXKYOI0, HiXK Y KOHTPOMbHIN
rpyni yonosgikiB (P <0,001). Cxoxi 3miH1 cnocTepiranu i B cupoBaTLi KpoBi. AKTUBHICTb
GR y nimdounTax KpoBi y MauieHTIB MOMOALIOI Ta cepedHboi BikoBMX rpyn Byna
B 1,42 pasa HWX40I0, HiX y 3a0opoBux vonosikis (P <0,001). Y cuposartui KpoBi akTuB-
HicTb GR y nauieHTiB monogwoi Bikosoi rpynu 6yna B 1,70 pasa (P <0,001), a y nauieH-
TiB cepefHbOI BikoBOi rpynu B 1,56 pasa Hux4oto, HixX y 3goposumx vonosikis (P <0,001).
AkTnBHICTb GST y nimdoumTax KpoBi B 060X BiKOBUX rpynax nigBuwlyeTscs B 1,2 pasa,
OfHaK Ui 3MiHM He € gocToBipHumu (P >0,05).

BucHoBkn. EpektvnbHa OuCyHKLiS, cnpuynHeHa GOMOBOK TpaBMOID, CynpoBO-
OXYETbCA 3HAYHUM 3HWDKEHHAM aKTUBHOCTI (DEPMEHTIB aHTUOKCUAAHTHOIO 3axucTy —
rnyTaTioHnepokcuaasu Ta rnyTaTioHpeaykTasu. PisHuui Mk BIKOBMMMW rpynaMuy nauieHTiB
3 epeKTUNBbHOK ANCHYHKLIE BHACMiAOK BOMOBOI TpaBMu He BUSBIEHO. AKTUBHICTb My-
TaTioH S-TpaHcdepasn NPakTUYHO He 3MIHIOETLCSH, XO4a € TEHAEHLiS A0 i NigBULLEHHS.

Knrovoei crioga: rnyTtaTioHnepokcmaasa, rnyTaTioHpeayKkTasa, rnyTaTioH
S-TpaHcdepasa, epekTunbHa ancdyHkuisa, 6oroea Tpasma
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