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Background. One of the most important antioxidant defence mechanism in sper-
matozoa is the gluthatione system which includes glutathione peroxidase (GPx), glu-
tathione reductase (GR), glutathione S-transferase (GST) and reduced glutathione
(GSH). It is promising to use ROC analysis, which allows to assessing the diagnostic
sensitivity and specificity of indicators.

Materials and methods. Infertile men were divided into 3 groups: patients with
oligozoospermia (n = 30), asthenozoospermia (n = 34), and oligoasthenozoospermia
(n = 22). To assess the diagnostic sensitivity and specificity of indicators, the values of
the biomarkers were tested using the receiver operating characteristic (ROC) curve,
and the area under it (AUC), the standard error (SE) and the 95% confidence interval
(C1 95%) were calculated.

Results. The ROC analysis showed that GP activity was characterized by excellent
diagnostic significance for diagnosing both oligozoospermia and asthenozoospermia
(the sensitivity was 100%, and specificity — 100%). The GR activity has moderate diag-
nostic significance, since the AUC is 0.654 (95% CI from 0.503 to 0.785, P = 0.0645)
for oligozoospermic, the AUC is 0.612 (95% CI from 0.454 to 0.7555, P = 0.1979) for
asthenozoospermic men. The analysis of the ROC curve revealed a good diagnostic
value of GsT activity in sperm samples for the diagnosis of pathospermia (sensitivity of
75% and specificity of 80%). Simultaneously, it was shown that GSH content could not
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serve as valuable biomarkers for distinguishing patients with pathospermia from healthy
controls, with an AUC of 0.615, corresponding to moderate diagnostic significance for
oligozoospermia.

Conclusion. The results of this study show that the cut-off points for the biomar-
kers glutathione peroxidase and glutathione-S-transferase can be used to distinguish
between patients with pathospermia and normozoospermia, and the parameters them-
selves can serve as valuable diagnostic biomarkers to distinguish patients with patho-
spermia from healthy controls, regardless of the causes of pathospermia. The value of
these indicators below the cut-off point indicates the probable presence of pathology.
Indicators of GR activity and GSH content have a low diagnostic value, which makes
them unsuitable for use as laboratory tests for the diagnosis of male infertility.

Keywords: male infertility, antioxidant enzymes, glutathione system, ROC analysis

INTRODUCTION

It is known that free radical processes and an excess of reactive oxygen species
are associated with the development of male infertility. The ratio between free radi-
cal processes and activity of antioxidant defense systems can change depending on
the functional state of the organism and under the influence of various environmental
factors. Under physiological conditions, a balanced ratio of the pro- and antioxidant
system is maintained. There is a shift towards the increase of pro-oxidant processes
under the development of oxidative stress (Pizzino et al., 2017). The antioxidant system
is multicomponent and includes both enzymatic and non-enzymatic links. The body’s
reaction to stress can be accompanied by a short-term increase in the concentration
of reactive oxygen species, which play the role of secondary messengers and are
involved in signal transduction and in the expression of a number of genes (Hong et al.,
2024). The mobilization of antioxidant protection is noted simultaneously, which ensures
a decrease in the level of reactive compounds, thus preventing manifestations of their
toxic effects. Under pathophysiological conditions, the toxic effect of active forms is
manifested, which is accompanied by a sharp intensification of free radical processes
and a decrease in the activity of antioxidant protection (Agarwal & Bui, 2017; Mannucci
et al., 2022).

Our previous studies have demonstrated that free radical processes are significantly
activated, which is confirmed by the increase in the content of TBA-active products in
spermatozoa and seminal plasma of infertile men with various forms of pathospermia.
The inhibition of the activities of the enzymes of the glutathione antioxidant system
(glutathione peroxidase (GPx, EC 1.11.1.9), glutathione reductase (GR, EC 1.6.4.2),
glutathione-S-transferase (GST, EC 2.5.1.18)), as well as a decrease in the content and
redox index of glutathione in the spermatozoa of infertile men were revealed (Fafula
etal., 2017; Vorobets et al., 2018; Fafula et al., 2023). The obtained results indicate only
the direction of changes in the indicators of men’s spermatozoa with various forms of
pathospermia, however, the question of their diagnostic value often arises.

The conventional methods of diagnosing infertility do not always indicate the
cause of cell morphology and function disorders, reveal the mechanism of metabolic
changes, or accurately and fully reflect them. It is promising to use the method called
ROC analysis that allows to assessing the diagnostic sensitivity and specificity of indi-
cators. Sensitivity is the probability of a positive result in the patient; it characterizes
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the ability of the sample to detect disease (pathology). Specificity is the probability of a
negative result in a healthy person; it characterizes the ability of the sample to detect the
absence of the disease (Trevethan, 2017). This analysis is based on the construction
of the so-called ROC curve, which is built in the coordinates “sensitivity — 1-specificity”
and shows the dependence of the number of correctly classified positive examples on
the number of incorrectly classified negative examples. The ROC analysis allows an
objective determination of the diagnostic significance of a separate test based on AUC
(Area Under Curve) values. AUC is an integral indicator of the prognostic efficiency of
a marker, which determines the probability that the value of a trait-marker, or biomarker,
in a randomly selected patient is greater than in a randomly selected healthy person
(Goncalves et al., 2014; Xu et al., 2014).

The aim of present work is to analyze the diagnostic sensitivity and specificity of
indicators of the glutathione antioxidant systems of spermatozoa of men with different
forms of pathospermia.

MATERIALS AND METHODS

The material for analysis was data of previous studies performed on spermatozoa
of infertile men with various forms of pathospermia. The data of 86 men who underwent
primary examination due to infertility in the consultative polyclinic of the Lviv Regional
Clinical Hospital were analyzed. Inclusion criteria: age 21-39 years, infertility in mar-
riage 1-10 years, male infertility factor, under the conditions of oligozoospermia and/
or asthenozoospermia. Exclusion criteria: infertility in marriage for more than 10 years,
azoospermia, excessive alcohol consumption and exposure to any harmful physical and
chemical factors during diagnostic and therapeutic procedures. All patients were divided
into 3 groups: patients with oligozoospermia (n = 30), asthenozoospermia (n = 34),
oligoasthenozoospermia (n = 22). The control group included 40 somatically healthy
men of similar age with preserved fertility, normozoospermia and confirmed paternity.
Indicators of spermograms (concentration of spermatozoa, their motility, morphology
and percentage of live forms) were assessed using light microscopy, according to the
guidelines for their implementation (WHO, 2010). Approval for the study was taken from
the ethics committee of Danylo Halytsky Lviv National Medical University (protocol No 4
from 26 April 2021; protocol No 7 from 26 June 2023).

To assess the diagnostic sensitivity and specificity of indicators, the values of the
biomarkers were tested using the receiver operating characteristic (ROC) curve. The
area under it (AUC), the standard error (SE) and the 95% confidence interval (Cl 95%)
were calculated. The diagnostic significance of the area under the ROC curve is
assessed as follows: 0.9-1.0 — excellent diagnostic significance of the studied indica-
tor, >0.8-0.9 — good diagnostic significance, >0.7-0.8 — satisfactory diagnostic signifi-
cance, >0.6-0.7 — moderate diagnostic significance, 0.5-0.6 — insufficient diagnostic
significance. ROC curves are often used to determine the “optimal” cutoff point at which
subjects will be classified as positive or negative (Kumar et al., 2011). Software used
for analysis was MedCalc® Statistical Software version 22.018 (MedCalc Software Ltd,
Ostend, Belgium; https://www.medcalc.org; 2024).

RESULTS AND DISCUSSION

The receiver operating curve (ROC) analysis for glutathione peroxidase (GP), gluta-
thione reductase (GR), glutathione-S-transferase (GsT) and reduced glutathione (GSH)
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was performed to evaluate the utility of these biomarkers in distinguishing infertile
patients from healthy controls. The results of the evaluation of the ROC curve for GP
activity as a biomarker for diagnosing pathospermia are shown in Fig. 1 and Table 1.
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Fig. 1. Receiver operating characteristic (ROC) curves of glutathione peroxidase activity as a marker in the
diagnosis of oligozoospermia (A), asthenozoospermia (B) and oligoasthenozoospermia (C)

Table 1. The diagnostic value of GP activity in the diagnosis of different forms of
pathospermia

Indicators < < ASS.OC'.a 2l
Standard > > e
95%ClI E = (cut-off point),
AUC error = )
(for AUC) = = pmol of GSH per
(for AUC) @ 9 .
Pathospermia g 8 OISR i
2 2 of protein
. . 1.000 0.920
Oligozoospermia P <0.0001 0.000 t0 1.000 100.00 100.00 <4.2
. 1.000 0.920
Asthenozoospermia P <0.0001 0.000 t0 1.000 100.00 100.00 <4.2
. . 0.979 0.889
Oligoasthenospermia P <0.0001 0.0163 t0 0.999 91.67 100.00 <4.25

When the parameter of GP activity was used as a biomarker, the optimal cut-off
point was 4.2 pmol of GSH per minute per 1 mg of protein, which indicates that patients
with GP activity lower than 4.2 umol of GSH per minute per 1 mg of protein probably
have pathospermia. At the indicated cut-off point in the study of the diagnostic signifi-
cance GP activity, the ROC curve analysis showed the area under the curve equal to1
(95% CI from 0.920 to 1.000, P <0.0001), which is characterized by excellent diagnostic
significance for predicting both oligozoospermia and asthenozoospermia (the sensitivity
was 100%, and specificity — 100%). When examining the ROC curves for the GP activity
as a biomarker for diagnosing oligoasthenospermia, the AUC area was 0.979 (95% CI
0.889 t0 0.999, P <0.0001), which corresponds to excellent diagnostic significance. The
cut-off point for glutathione peroxidase was 4.25 ymol of GSH per minute per 1 mg of
protein, the sensitivity of the test was 91.67%, the specificity was 100%, which indicates
that, according to the ROC analysis, the model is excellent.
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Graphs of the ROC curve for establishing the diagnostic significance of GR activ-
ity in men with different forms of pathospermia are shown in Fig. 2. The quantitative
assessment of ROC curve using the calculation of the AUC area is given in Table 2.
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Fig. 2. ROC curves of GR activity as a marker in the diagnosis of oligozoospermia (A), asthenospermia (B)
and oligoasthenozoospermia (C)

Table 2. The diagnostic value of GR activity in the diagnosis of different forms of pathospermia

Indicators g g Ai?i(t):ri?otr?d
Standard > > :
95%ClI Z = (cut-off point),
AUC error = kS
(for AUC) = = nmol NADPH
(for AUC) Z & .
Pathospermia o (= per minute per
2 2 1 mg of protein
. . 0.654 0.503 to
Oligozoospermia P = 0.0645 0.0831 0785 70.83 62.5 <0.44
. 0.612 0.454 to
Asthenozoospermia P =01979 0.0874 0755 45 79.17 <0.32
. . 0.659 0.508 to
Oligoasthenospermia P = 0.0469 0.0801 0790 36 95.65 <0.26

The GR activity has moderate diagnostic significance, since the AUC is 0.654
(95% CI from 0.503 to 0.785, P = 0.0645) for oligozoospermic men the AUC is 0.612
(95% CI from 0.454 to 0.7555, P = 0.1979) for asthenospermic men. At a cut-off point of
0.44 nmol of NADPH per minute per 1 mg of protein, the sensitivity is sufficient and is
70.83%, while the specificity is 62.5% for patients with oligozoospermia. While the cut-
off point for asthenospermic men is 0.32 nmol of NADPH per minute per 1 mg of protein,
the sensitivity is 45% and the predictive value of a positive result — the specificity is suf-
ficient and is 79.17%. GR activity is characterized by a significant diagnostic value, with
an AUC of 0.659 (95% CI 0.508 to 0.790, P = 0.0469), high specificity (95.65%) and low
sensitivity (36%) at a cutoff point £0.26 nmol of NADPH per minute per 1 mg of protein
for patients with oligoasthenospermia.

The results of testing the GsT activity in men for pathosermia are presented in
Fig. 3 and Table 3.
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Fig. 3. ROC curves of GsT activity as a marker in the diagnosis of oligozoospermia (A), asthenospermia (B)
and oligoasthenozoospermia (C)

Table 3. The diagnostic value of GsT activity in the diagnosis of different forms of
pathospermia

Indicators g g Azfi?(:rliaot r?d
Standard o > > .
95%Cl = = (cut-off point),
e ermor  (forAUC) = = mol of GSH
(for AUC) o mo
Pathospermia @ &  per minute per
2 ® 1 mg of protein
. . 0.843 0.709
Oligozoospermia P <0.0001 0.0575 t0 0932 95.83 62.5 <0.48
. 0.838 0.695
Asthenozoospermia P <0.0001 0.0740 t0 0.931 70 100 <0.31
. . 0.850 0.717
Oligoasthenospermia P <0.0001 0.0546 t0 0.937 75 80 <0.46

The analysis of the ROC curve revealed a good diagnostic value of GsT activity
in sperm samples for the diagnosis of pathospermia. For patients with oligozoosper-
mia, the AUC was 0.843 (95% CI from 0.709 to 0.932, P <0.0001). The optimal cut-off
point for oligozoospermia was 0.48 pmol of GSH per minute per 1 mg of protein. GsT
as a biomarker is characterized by high sensitivity (95.83%) and moderate specificity
(62.5%). The ROC curve analysis for patients with asthenospermia showed that the
AUC was 0.838 (95% CI 0.695 to 0.931, P <0.0001). The cut-off value was 0.31 pmol
of GSH per minute per 1 mg showing the sensitivity of 70% and the specificity of 100%.
For patients with oligoasthenospermia, AUC was equal to 0.85 (95% CI from 0.717 to
0.937, P <0.0001). The optimal cut-off point was 0.46 pmol of GSH per minute per 1 mg
of protein and was characterized by good sensitivity of 75% and specificity of 80%.

The results of the evaluation of the ROC curve for GSH as a biomarker for diagnosing
pathospermia are shown in Fig. 4 and Table 4.

The determination of GSH content as a biomarker to distinguish between samples
with normal sperm characteristics according to the WHO criteria and pathozoospermic
samples was found to be unsuitable. The ROC curves analysis showed that GSH could
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not serve as valuable biomarkers for differentiating patients with pathospermia from
healthy controls, with an AUC of 0.615, corresponding to moderate diagnostic signifi-
cance for oligozoospermia. For asthenospermia and oligoasthenospermia, the AUC for
the ROC curves were 0.598 and 0.529, respectively, which corresponds to an insuf-
ficient prognostic value.
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Fig. 4. ROC curves of GSH as a marker in the diagnosis of oligozoospermia (A), asthenospermia (B) and
oligoasthenozoospermia (C)

Table 4. The diagnostic value of GSH content in the diagnosis of different forms of
pathospermia

Indicators g g Associated
Standard o > > criterion
AUC error (fgf/_/\f CI;) = S (cut-off point),
(for AUC) @ 3 pmol of GSH
Pathospermia S & per 108 cells
. . 0.615 0.463
Oligozoospermia P <0.1812 0.0857 t0 0751 70.83 625 <32
. 0.598 0.439
Asthenozoospermia P <0.2647 0.0878 to 0.743 100.00 29.17 <38
. . 0.529 0.379
Oligoasthenospermia P <0.7424 0.0872 t0 0674 95.83 29.17 <38

It is beyond doubt that oxidative stress is a major contributor to male and female
infertility (Barati et al., 2020; Aitken et al., 2022). The changes in the activity of glutathione
antioxidant enzymes and GSH content might either result from a reduction in glutathione
synthesis or the utilisation of glutathione in the detoxification process against induced oxi-
dative stress. A decrease in the activity of antioxidant enzymes can be related both to the
oxidative destruction of the corresponding DNA regions and the direct damage to enzyme
molecules resulting from the effects of reactive oxygen species (Hamilton et al., 2016).
In addition, studies indicate that oxidative stress is also involved in impaired sperm DNA
packaging (Hammadeh et al., 2010; Rashki Ghaleno et al., 2021).

It is important note that each form of pathospermia can be characterized by a cer-
tain level of oxidative stress markers (TBARS) and activity of enzymatic antioxidant
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systems (GPx, GR, GsT). These changes indicate a depletion of compensatory mecha-
nisms in sperm cells. Zhang et al. (2014) reported a significantly lower GPx activity,
with the extent of reduction revealing a disorder-associated trend (asthenospermia <
oligospermia = oligoasthenozoospermia).

The analysis of ROC curves is often used to highlight the diagnostic significance
of individual indicators, which makes it possible to predict pathological changes in the
spermogram (Akobeng et al., 2007; Wei et al., 2019). According to ROC analysis, it was
established that the activities of glutathione peroxidase and glutathione-S-transferase
have the highest diagnostic significance for oligozoospermia, asthenozoospermia and
oligoasthenozoospermia. The AUC areas are maximal or close to the maximal values for
the studied biomarkers and were statistically significant. The test results are characteri-
zed by high values of specificity and sensitivity. It is possible that other indicators related
to the glutathione antioxidant protection may have an important prognostic value.

Other findings about the diagnostic significance of glutathione peroxidase are con-
troversial. Our results are consistent with the study of Otasevic et al. who show that
glutathione peroxidase activity was decreased in all groups with sperm pathologies and
was a very good indicator of aberrations in functional sperm parameters, explaining up
to 94.6% of infertility cases where functional sperm parameters were affected (Otasevic
et al., 2019). However, conflicting data were obtained in another study. N'Guessan et
al. showed that glutathione peroxidase enzymatic activity is not related to sperm quality
(N'Guessan et al., 2023). Regarding glutathione-S-transferase activity, a decrease in
enzyme activity in asthenozoospermic/asthenoteratozoospermic samples was noted in
other studies (Lopes et al., 2021; Zhang et al., 2021).

There are still some limitations in our study. Firstly, the determination of indicators
of the glutathione antioxidant system in routine use is a complex and costly process.
Secondly, the sample size included may have affected the results to a certain extent.
Thirdly, the time span is different which may be a factor of heterogeneity.

The ROC analysis established the parameters that have the greatest diagnostic
significance for enzyme indicators, which can be used as additional criteria for estab-
lishing pathospermia. This study is important for further research on the activities of
enzymes of the glutathione antioxidant system and for the development of tests for
screening male fertility.

CONCLUSIONS

The results of this study show that the cut-off points for the biomarkers glutathione
peroxidase and glutathione-S-transferase can be used to distinguish between patients
with pathospermia and normozoospermia, and the parameters themselves can serve as
valuable diagnostic biomarkers to differentiate patients with pathospermia from healthy
controls, regardless of the causes of pathospermia. The value of these indicators below
the cut-off point indicates the probable presence of pathology. Indicators of GR activity
and GSH content have a low diagnostic value, which renders them unsuitable for use
as laboratory tests for the diagnosis of male infertility.
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OIATHOCTUYHA YYTNUBICTb TA CNELUU®IYHICTb NOKA3HUKIB
rMYTATIOHOBOI AHTUOKCUOAHTHOI CACTEMU CMEPMATO30I[IB
HEMNIAHMX YONOBIKIB 13 PI3HUMU ®OPMAMW NATOCMNEPMII

3opsiHa ®edoposuy, Mukosna Bopobeub, OneHa OHy¢hposudy,
OkcaHa MenbHuk, Hamanisi F'pomHaybka, Hamanisi Jluukoechkka,
AHHa becediHa, 3iHosili Bopobeub, PomaH ®aghyna

JIbeiscbKuli HayjioHanbHUl Medu4Hul yHieepcumem imeHi JaHuna [anuybko2o
syn. lNekapceka, 69, Jlbeie 79010, YkpaiHa

BcTtyn. OfHieto i3 HAaMBaXXNMBILLMX CUCTEM aHTUOKCUOAHTHOIO 3aXUCTy criepmaro-
30i4iB € rnyTaTioHOBa aHTMOKCUOAHTHA CUCTEMA, siKa BKIKOYAE rNyTaTioHNepoKkcMaasy
(GPx), rnytaTioHpeaykTasy (GR), rnytatioH S-TpaHcdepasy (GsT) i BigHOBREHWIN rny-
TatioH (GSH). MNepcnekTnBHMM € BUkopuctaHHa ROC aHanisy, skuin gae 3aMory BCTaHo-
BUTU AiarHOCTUYHY YYTNUBICTb i cneundiyHiCTb MOKa3HUKIB.

Marepianu Ta metoau. Yci nauieHTn Bynu posnogineHi Ha 3 rpynu: HennigHi Yono-
Biku 3 onirozoocnepmieto (n = 30), acTteHo3oocnepmieto (N = 34) Ta oniroacteHo300-
cnepwmieto (n = 22). [ins aHanisy 4iarHOCTUYHOI YyTIMBOCTI Ta cneundivyHOCTi 3HaYeHHs
GiomapkepiB nepesipsAnu 3a SOMNOMOro KPUBOI pOBOYOI XapakTepUCTMKM Npunmaya,
T06TO KpMBOI ROC, Ta pospaxoyBanu nnowly nig Heto (AUC) 3 ypaxyBaHHAM CTaH-
aapTtHoi noxubkn (SE) 95 % i gosip4yoro iHTepeany (Cl) 95 %.

Pesynbratu. 3a gonomoroto ROC-aHanisy 3'acoBaHo, Wo aktueHicTe GP xapak-
TEPU3YETLCS BMCOKOK iarHOCTUYHOK 3HauYyLiCTIO ANS OiarHOCTYBaHHSA sIK Oniro300-
cnepmii, Tak i acteHosoocnepMii (4yTnmeicTb 100 %, cneuundivnicts 100 %). AKTUBHICTb
GR mae nomipHe giarHoctTuyHe 3HaveHHs1, ockinbkn AUC ctaHoBuTtb 0,654 (95 % CI
Big 0,503 go 0,785, P = 0,0645) ons onirozoocnepmii Ta 0,612 (95 % CI Big 0,454 po
0,7555, P = 0,1979) gons acteHo3oocnepmii. AHani3 kpusnx ROC BusaBmB xopolly Adia-
THOCTUYHY LiHHICTb akTmBHOCTI GsT Ansa giarHocTukm natocnepmii (4yTnueicte 75 %

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e bionoriyni CTygaii / Studia Biologica e 2024 « Tom 18 / Ne 3 e C. 25-36


https://doi.org/10.3390/nu11071580
https://pubmed.ncbi.nlm.nih.gov/31336951/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6683101/
https://scholar.google.com.ua/scholar_lookup?title=Comparisons+of+visceral+adiposity+index%2C+body+shape+index%2C+body+mass+index+and+waist+circumference+and+their+associations+with+diabetes+mellitus+in+adults&btnG=
https://iris.who.int/bitstream/handle/10665/343208/9789240030787-eng.pdf?sequence=1&isAllowed=y
https://iris.who.int/bitstream/handle/10665/343208/9789240030787-eng.pdf?sequence=1&isAllowed=y
https://scholar.google.com.ua/scholar_lookup?title=WHO+laboratory+manual+for+the+examination+and+processing+of+human+semen&btnG=
https://doi.org/10.4172/jpb.S9-006
https://scholar.google.com.ua/scholar_lookup?title=Feature+selection+using+bootstrapped+ROC+curves&btnG=
https://doi.org/10.1002/mrd.23454 
https://pubmed.ncbi.nlm.nih.gov/33507590/
https://scholar.google.com.ua/scholar_lookup?title=Upregulated+microRNA-423-5p+promotes+oxidative+stress+through+targeting+glutathione+S-transferase+mu+1+in+asthenozoospermia&btnG=
https://doi.org/10.3892/mmr.2014.2428
https://pubmed.ncbi.nlm.nih.gov/25109708/
https://scholar.google.com.ua/scholar_lookup?title=Oxygen+free+radicals+and+mitochondrial+signaling+in+oligospermia+and+asthenospermia&btnG=

36 Zoryana Fedorovych, Mykola Vorobets, Olena Onufrovych et al.

i cneumndiynictb 80 %). BogHouac nigTBepmkeHo, wo Bmict GSH He moxe cnyryBaTtu
OiomapkepoM Ans Bigpi3HEHHS NauieHTIB 3 maTocnepmieto Big epTUNbHMUX YOSOBIKIB,
3 AUC 0,615, wo BignoBigae NOMipHi AiarHOCTUYHIA 3HAYYLLOCTi AN Oniro3oocnepmii.

BucHOBKW. Pe3ynbraTtu Liboro A0CriaKeHHs1 40BOASATb, L0 rPaHNYHi TOUKM ans Gio-
MapkepiB GP Ta GsT MoXXHa BUKOPUCTOBYBATHW A5l PO3Pi3HEHHS NALEHTIB 3 maTocnep-
Mi€0 Ta HOPMO300CNeEPMIED, a caMi NnapaMeTpy MOXYTb CryryBaTu LiHHUMW giarHOC-
TUYHUMKM BiomapkepaMu Ons po3pi3HEHHS NaUIEHTIB i3 naTocnepMieto Big hepTUnbHUX
OCi0 rpynu KOHTPOIO, He3anexHo Bif NPUYUH NaTocnepMii. S3HAYEHHS LMX NMOKa3HUKIB
HUXYe FPaHMYHOI TOYKM BKa3ye Ha MMOBIPHY HasiBHICTb natonorii. [okasHMKK akTuB-
HocTi GR i BMicTy GSH MaloTb HU3bKY AiarHOCTUYHY LIHHICTb, WO He Aae 3MOry BBa-
Xatu ix nabopaTopHUMK TeCTaMm AN OiarHOCTUKM YOSOBIYOro Hennigas.

Knro4oei cnnoga: 4onosiye Hennigas, aHTMOKCUOAHTHI EH3UMM, CUCTEMA Iy TaTioHY,

ROC ananis
Received / OgepxaHo Revision / [loonpauboBaHo Accepted / MpuiHaTo Published / Ony6nikoBaHo
13 May, 2024 18 July, 2024 30 August, 2024 25 September, 2024

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ bionoriuHi CTyaii / Studia Biologica e 2024 ¢ Tom 18 / N2 3 e C. 25-36



