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Over the past 20 years, there has been a clear trend to increase in the number of infertile men in Ukraine, their percentage reaches 
50% in infertile couples. There is a significant percentage of male infertility caused by azoospermia – the lack of sperm in the ejaculate. 
In male infertility, azoospermia is found in 10–15% of patients, among other forms of pathospermia. Given the ambiguity of ideas about 
the etiology, pathogenesis and treatment and diagnostic approaches for various types of infertility, it remains important to clarify the rela-
tionship of urogenital infections with the regulatory systems of cells, including the state of the pro- and antioxidant system and the search 
for additional markers. 119 patients with various forms of azoospermia were examined. All patients underwent the following studies: 
spermogram, infectious screening, inhibin B, lipid peroxidation, activity of enzymes of the glutathione antioxidant system in sperm plas-
ma and blood serum. Infectious screening included analysis of urethral secretions, bacteriological examination of sperm or prostate secre-
tion, assessment of the species and quantitative composition of the microflora of the male urogenital tract. According to the results of 
spermogram and other diagnostic methods, a non-obstructive form of azoospermia was detected in 69 patients. In obstructive azoosper-
mia, ejaculate as such was absent. It is suggested that inhibin B may be an important medical diagnostic test for azoospermia. As a result 
of the conducted researches the importance of determining the concentration of inhibin B as a marker of azoospermia was demonstrated 
and a negative correlation of moderate strength between the content of inhibin B and testosterone level in the plasma of men with non-
obstructive azoospermia was revealed. It was found that Ureaplasma pervum and Ureaplasma urealyticum infect the male genitourinary 
system to the greatest extent among a number of microorganisms, both in non-obstructive and obstructive forms of azoospermia. Entero-
coccus faecalis is more pronounced in the sperm fluid in the non-obstructive form of azoospermia and prostate secreton in the obstructive 
form of azoospermia. In the non-obstructive form of azoospermia in the seminal plasma and serum, the processes of lipid peroxidation 
intensify, the concentration of reduced glutathione decreases and the activities of the enzymes of the glutathione antioxidant system (gluta-
thione peroxidase and glutathione transferase) decrease. It can be considered that an important diagnostic test for the nonobstructive form 
of azoospermia is the ratio of reduced glutathione to oxidized glutathione in sperm plasma.  

Keywords: infertility; azoospermia; infections; semen plasma; lipid peroxidation; antioxidant enzymes.  

Introduсtion  
 

In recent decades, infertility has remained one of the leading problems 
in modern in medicine and has acquired medical and social significance 
(Zhou et al., 2013; Horpynchenko & Romaniuk, 2016; Rogozin, 2020). 
This is due to the increasing incidence of infertility in marriages, which 
leads to lower birth rates and lower populations. In European countries, 
about 15% of couples turn to reproductive therapists with infertility issues 
(Kherraf et al., 2017). Thus, according to the WHO, the prevalence of 
infertility has increased by 50% over the past two decades, and the percen-
tage of male-related infertility ranges from 20% to 70% (Horpynchenko 
& Romaniuk, 2016; Kulchenko & Demiashkin, 2016; Kherraf et al., 
2017). Over the past 20 years, there has been a clear trend to increase in 
the number of infertile men in Ukraine, their percentage reaches 50% in 
infertile couples (Horpynchenko & Romaniuk, 2016; Kulchenko & De-
miashkin, 2016; Fafula et al., 2019). Male reproductive potential is mainly 
reduced due to such factors as urinary tract infections, genetic disorders, 
malignant neoplasms, endocrinopathies, immunological factors. Howe-
ver, in most cases, male infertility is associated with a decrease in the 
number and quality of sperm. However, there is a significant percentage 
of male infertility caused by azoospermia – the lack of sperm in the ejacu-
late. This is the most difficult form of male infertility to treat (Gamidov 

et al., 2015). Depending on the causes and nature of the violation of sper-
matogenesis, most researchers have recently divided azoospermia into 
obstructive (excretory) and non-obstructive (secretory) (Jungwirth et al., 
2015). In male infertility, azoospermia is found in 10–15% of patients, 
among other pathospermia. The proportion of obstructive and non-
obstructive forms is approximately 40% and 60%, respectively. Accor-
ding to other data, the non-obstructive form of azoospermia (NOA) is the 
dominant form of pathology and occurs in 80–90% of all cases of azoo-
spermia (Bostwick & Cheng, 2014). There is also evidence that according 
to the results of biopsies, the structure of azoospermia forms is as follows: 
obstructive – 55%, non-obstructive – 45%. The main causes of obstructive 
azoospermia are infectious and inflammatory diseases, post-operative and 
post-traumatic disorders, congenital anomalies of the vas deferens and 
cysts of the epididymis. Causes of nonobstructive azoospermia are se-
condary hypergonadotropic hypogonadism, consequences of untreated 
varicocele, primary hypogonadism, chromosomal deletions and transloca-
tions, Klinefelter’s syndrome (Fu, 2012; Li et al., 2018; Vorobets et al., 
2020).  

Undoubtedly, urogenital infections play an important role in this 
(Enwuru & Iwalokun, 2016; Grande, 2018; Al-Jebouri & Mohamed, 
2021). The structure of pathogens of infectious diseases has undergone 
significant evolution in recent years. Microorganisms that cause inflam-
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matory diseases of the genitourinary system are no exception. The number 
of patients with varying degrees of male fertility disorders is constantly 
increasing due to the direct or indirect action of various microorganisms. 
Clinical experience shows that in most cases, latent and chronic forms of 
urogenital infections predominate, which greatly complicates timely diag-
nosis. Such forms of infectious diseases are difficult to diagnose because 
their clinical symptoms are erased or absent. Therefore, patients rarely 
seek treatment. The pathology progresses and is often complicated by the 
development of infertility. There are several potentially open questions 
about the validity of a significant increase in cases of male infertility, 
caused for the first time by opportunistic pathogens of individual members 
or their associations. The etiological structure of inflammatory diseases of 
the genitourinary system is dynamic: the causative agents of these pro-
cesses differ depending on various factors. It should be noted that microbi-
al virulence factors and the degree of colonization play an important role 
in the development of the infectious process. In some cases, it can cause 
inflammation of the genitourinary system, and in others it can maintain 
inflammation of the urogenital tract, initiated by other factors. The in-
flammatory process is often accompanied by an increase in the number of 
immunocompetent cells, neutrophils, inflammatory mediators that pro-
duce free radicals and reactive oxygen species. However, in the literature 
there is insufficient data on the pathogenesis of various forms of patho-
spermia, and hence the possibility of normalization of spermatogenesis 
(Faniev et al., 2017; Marchiani et al., 2021). Currently, to assess the state 
of spermatogenesis using a spermogram and determine the concentration 
of follicle-stimulating hormone (FSH) in blood plasma, in some cases, a 
testicular biopsy is performed to determine the cause of spermatogenesis: 
testicular or obstructive pathology. Given the ambiguity of ideas about the 
etiology, pathogenesis and treatment and diagnostic approaches for vari-
ous types of infertility, it remains important to clarify the relationship of 
urogenital infections with the regulatory systems of cells, including the 
state of the pro- and antioxidant system and the search for additional 
markers.  
 
Materials and methods  
 

The material for the implementation of the tasks were the results of 
examination of patients with infertility, who were under observation at the 
Department of Urology of Danylo Halytsky Lviv National Medical Uni-
versity and Regional Consultative Polyclinic of the Lviv Regional Clinical 
Hospital. 119 patients with various forms of azoospermia were examined. 
The age of patients who underwent clinical diagnostic, microbiological 
and biochemical bioassays varied from 22 to 48 years. The average age of 
patients with testicular (secretory) infertility was 28.6 years, and with 
posttesticular (excretory-obstructive) – 31.5 years. The average term of 
infertility was 4.2 years. Among 119 examined patients with azoospermia, 
69 (58.0%) were diagnosed with secretory infertility. In 50 (42.0%) pa-
tients, preserved spermatogenesis with excretory-obstructive infertility 
was noted. Patients with a mixed form of azoospermia were not consi-
dered in the studies. The control group consisted of 46 healthy men with 
normozoospermia aged 22 to 45 years (mean age 32.7 ± 4.3 years) and 
49% of them had children. They underwent a spermogram, as well as 
sonoelastographic and biochemical studies of ejaculate and serum.  
Examination of patients began with the collection of complaints, history 
and palpation of the scrotum and spermatic cord. Ultrasound with Doppler 
effect and high-quality compression elastography of the scrotum was 
performed as a comprehensive sonological examination. Inclusion and 
exclusion criteria were taken into account in the selection of study groups.  

Inclusion criteria: reproductive age of patients (22–48 years), estab-
lished fact of infertility, absence of female infertility factor in marriage, 
lack of hormonal correction of infertility. Exclusion criteria: age <22 years 
and >48 years, severe general systemic diseases, diseases that require 
drugs that can affect spermatogenesis, in particular hormonal drugs, vari-
cocele, the presence of sperm in the ejaculate, the presence of a history of 
previous testicular biopsy. Criteria for azoospermia are the absence of 
sperm in an ejaculate or the absence of ejaculate. Criteria for the obstruc-
tive form of azoospermia – the absence of sperm in an ejaculate with 
preserved spermatogenesis. Criteria for non-obstructive azoospermia – the 
absence of sperm in the ejaculate due to a violation of the spermatogene-

sis. Diagnosis of infertility, as well as other diseases, is based on patient 
complaints, history, objective status and the results of special research 
methods.  

All the men were made aware of patient information leaflets and gave 
informed consent to participate in the study. Terms of sample selection 
meet the requirements of the principles of Convention of Europe Council 
on Human Rights, Helsinki Declaration on Protection of Human Rights 
and Biomedicine and the laws of Ukraine. Approval for study was taken 
from the ethics committe of Danylo Halytsky Lviv National Medical 
University.  

It is known that men with infertility, especially with azoospermia, be-
long to a complex category of patients, due to the difficulty of diagnosing 
the causes and degree of impaired spermatogenesis, as well as the choice 
of treatment methods. All patients underwent the following studies: sper-
mogram, infectious screening, inhibin B, lipid peroxidation, activity of 
enzymes of the glutathione antioxidant system in sperm plasma and se-
rum. Infectious screening included analysis of urethral secretions, bacterio-
logical examination of sperm or prostate secretion, assessment of the 
species and quantitative composition of the microflora of the male uroge-
nital tract. PCR diagnosis of sexually transmitted infections and invasions 
was performed using a set of reagents “DNA technology” on an automa-
tic fluorescent analyzer. The titer of opportunistic pathogens was quanti-
fied, the indicator>104 CFU/mL was considered diagnostically significant. 
In accordance with the WHO recommendations (2010), microbiological 
studies of ejaculate were performed when the threshold values of leuko-
cytes in the seminal plasma exceeded 106 cells/mL (WHO laboratory 
manual for the examination and processing of human semen, 2010). Eja-
culate was collected in sterile tubes and inoculated with 5% blood agar 
and Saburo agar. Evaluation of the results of the study included quantita-
tive accounting (titer) –determination of the number of colony-forming 
units per 1 mL (CFU/mL) and species affiliation of all significant pheno-
types. The research was conducted on the basis of the Urology Depart-
ment of the Lviv Regional Clinical Hospital and Synevo Laboratory. 
Lipid peroxidation was determined by the content of malonic aldehyde 
(Sinha & Gupta, 2018). Determination of malone malondialdehyde 
(MDA) content is based on its interaction with 2-thiobarbituric acid 
(TBA) with the formation of chromogen with a maximum absorption in 
the red spectrum at a wavelength of 532 nm. The state of the antioxidant 
system was inferred from the concentration of reduced glutathione (Naher 
& Biswas, 2011), glutathione peroxidase, glutathione reductase and gluta-
thione S-transferase (Fafula et al, 2019). The protein content in the lym-
phocyte mixture was determined by a modified Lowry method using a kit 
to determine its concentration (Simko Ltd.).  

Mathematical analysis of the research results was carried out using 
software pack Statistica 10.0 (StatSoft Inc., USA). The results are pre-
sented as the mean ± standard error (x ± SE). Analysis of variance 
(ANOVA) was used to compare the difference in the means between 
studied groups. Differences were considered statistically significant at P < 
0.05 for all analyses.  
 
Results  
 

According to the results of spermogram and other diagnostic me-
thods, a non-obstructive form of azoospermia (NOA) was detected in 
69 patients. The anamnesis of the patients' life was not burdened, the ab-
sence of injuries, epidemic mumps, surgical interventions on genitals was 
proved. Ultrasound examination of the scrotum revealed no structural 
pathology. The veins of the right and left spermatic cord were 2 mm in 
diameter, with no signs of impaired blood flow. Each patient with NOA 
donated semen twice with an interval of two weeks. On the basis of exa-
mination and conclusion of spermograms all patients in the experimental 
group were found to have a complete absence of sperm in the ejaculate, 
which indicates the presence of a non-obstructive form of azoospermia 
(Table 1). In obstructive azoospermia (OA), ejaculate as such was absent.  

It is suggested that inhibin B may be an important medical diagnostic 
test for azoospermia. In our studies of normozoospermia (n = 46), the 
level of inhibin B in the serum was 217.3 ± 50.8 pg/mL. At NOA (n = 69) 
the level of inhibin B was 2.7 times lower than normal and was 59.8 ± 
19.6 pg/mL (Fig. 1).  
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The correlation screening revealed that the content of inhibin B 
among the various parameters of sex hormones is most closely correlated 
with the concentration of testosterone (Table 2). There is a probable nega-
tive correlation of medium strength.  

Table 1  
Spermogram results of patients  
with non-obstructive azoospermia (x ± SE, n = 69)  

Indicators Value 
Ejaculate volume, mL ≤ 1.5 
рН 7.2 ± 0.5 
Total sperm count, mln not found 
Sperm concentration, mln/mL not found 
Total sperm motility, % not found 
Sperm with progressive movement,% not found 
The number of pathological forms,% not found 
Leukocyte concentration, cells/mL ≤ 106 
 

  
Fig. 1. Content of inhibin B in non-obstructive form of azoospermia  

(x ± SE, n = 69): *** – P < 0.001 compared to the values  
in the control group (normozoospermia)  

Table 2  
Correlation coefficients of a linear relationship  
between the concentration of inhibin B, sex hormones  
and other indicators in patients with azoospermia (n = 69)  

Indicators Inhibin B 
Follicle-stimulating hormone   0.214 ± 0.117 
Luteinizing hormone –0.162 ± 0.119 
Prolactin     –0.524 ± 0.102*** 
Testosterone     –0.720 ± 0.083*** 
Estradiol   0.124 ± 0.119 
The size of the testicles       0.725 ± 0.082*** 
Linear blood flow velocity     0.245 ± 0.116* 
Note: * – Р < 0.05, ** – Р < 0.01, *** – Р < 0.001.  

However, significant negative correlations of medium strength were 
found between the concentration of prolactin and the content of inhibin B. 
Among the instrumental parameters, a significant positive correlation was 
found between the testicular size of azoospermic men and the content of 
inhibin B. As a result of the correlation analysis, a negative correlation of 
moderate strength (r = –0.72) was found between the content of inhibin 
and testosterone in the blood plasma of men with NOA (Fig. 2).  

A number of data indicate the important role of infectious factors in 
the development of azoospermia. Studying the presence of invasive and 
infectious factors in the urethra by PCR, it was found that the number of 
men with a history of Trichomonas infection in NOA was 1.6% and in 
OA – 1.5% (Fig. 3).  

The detection rate of Chlamydia trachomatis by PCR in NOA was 
3.3% and in OA – 2.9%. Mycoplasma genitalium in NOA was detected 
in 5.7% and in OA – in 2.9%. Ureaplasma urealyticum was diagnosed in 
12.3% with NOA and 11.7% with OA, and U. parvum in 13.1% with 
NOA and 19.1% with OA. In NOA Neisseria gonorrhoeae was detected 

in 6.6%, and in OA – in 13.2%. Herpes simplex virus type 2 was ob-
served in 5.7% of men with NOA and in 7.3% of men with OA. Gardne-
rella vaginalis was diagnosed in 9.0% of men with NOA and in 13.3% of 
men with OA.  

Bacteriological culture revealed that the species spectrum of opportu-
nistic microflora in the ejaculate or prostate secretion of men with azoo-
spermia in diagnostically significant titers was diverse, but with low rates 
(Fig. 4).  

  
Fig. 2. Correlation relationship between concentrations of inhibin B  

and testosterone level in patients with non-obstructive form  
of azoospermia (n = 20)  

  
Fig. 3. Sexually transmitted infections in men with azoospermia (n = 119)  

  
Fig. 4. Bacteriological examination of ejaculate/prostate secretion  

in men with azoospermia (n = 119)  

The frequency of detection of Enterococcus faecalis in men with 
azoospermia in OA was 32.3%, which is almost twice as high as in NOA 
(17.2%). Infection of ejaculate/prostate secretion with Escherichia coli in 
NOA was detected in 13.1%, and in OA – in 23.5%. Staphylococcus 
aureus was detected only in OA (4.4%). Streptococcus pyogenes was 
detected in both NOA (7.4%) and OA (13.2%). Staphylococcus epider-
midis was detected only in OA – 4.4%. Klebsiella oxytoca was detected in 
0.8% of patients with NOSA and 1.5% of patients with OA.  

The correspondence of bacteriospermia to the data of clinical exami-
nation of men with a history of chronic inflammatory diseases of the ge-
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nital organs is noteworthy. As the data of Figure 4, microbial contamina-
tion of ejaculate and prostate secretion samples was predominant in men 
with OA (79.3%) versus 38.5% in men with NOA. Since bacterial con-
tamination of the genitourinary tract or sperm can cause oxidative stress, 
we studied the processes of lipid peroxidation and glutathione systems in 
the seminal plasma of men diagnosed with nonobstructive azoospermia 
(Table 3). The activation of lipid peroxidation processes by determining 
the concentration of malonic dialdehyde is shown. The concentration of 
MDA as a biomarker of lipid peroxidation in seminal plasma in control 
was 2.3 ± 0.3 μmol/L and in nonobstructive form of azoospermia – 3.7 ± 
0.3 μmol/L, ie increased by 1.61 times (P < 0.01). Simultaneously with the 
activation of lipid peroxidation, a significant decrease in glutathione per-
oxidase activity relative to control values was detected. Enzyme activity 
decreased by 1.29 times – from 18.3 ± 2.1 nmol GSH/min ∙ mg protein 
(normozoospermia) to 14.1 ± 1.6 nmol GSH/min ∙ mg protein (patients 
with NOA, P < 0.05). Regarding the activity of glutathione reductase, in 
patients with NOA it was 1.33 lower than in control group (normozoo-
spermia), but these changes are not significant. In the study of glutathione 
transferase activity, it was found that it was normally 3.41 ± 0.38 nmol 
GSH/min ∙ mg protein. In the non-obstructive form of azoospermia, the 
activity of glutathione transferase was significantly reduced by 1.21 times 
(P < 0.05).  

Table 3  
The state of the glutathione antioxidant system  
and lipid peroxidation in the seminal plasma  
of men with nonobstructive azoospermia (x ± SE, n = 69)  

Indicators 
Almost healthy men 
(normozoospermia) 

n = 46 

Non-obstructive form  
of azoospermia 

n = 69 
MDA, μmol/L   2.34 ± 0.32     3.72 ± 0.36** 

GP, nmol GSH/min ∙ mg protein 18.36 ± 1.53 14.12 ± 1.41* 
GR, nmol NADPH/min ∙ mg protein   0.320 ± 0.052  0.248 ± 0.040 
GT, nmol GSH/min ∙ mg protein   3.41 ± 0.23   2.81 ± 0.18* 
Note: * – Р < 0.05, ** – Р < 0.01, *** – Р < 0.001 compared to the values in the 
control group (normozoospermia).  

The state of the non-enzymatic component of the antioxidant system 
in seminal plasma was assessed by the content of reduced, total and oxi-
dized glutathione and the redox index of glutathione calculated by the ratio 
of the difference between the content of total and oxidized glutathione to 
total glutathione (Table 4).  

Table 4  
Indicators of pro- and antioxidant system  
in seminal plasma of men with azoospermia (x ± SE, n = 69)  

Indicators 
Almost healthy men 
(normozoospermia,  

n = 46) 

Non-obstructive  
form of azoospermia  

(n = 69) 
Total antioxidant activity, μmol/L   2.11 ± 0.16      1.41 ± 0.12*** 
GSH, μmol/L 34.32 ± 2.85    19.35 ± 1.52*** 
GSHt, μmol/L 57.35 ± 4.95   38.45 ± 3.47** 
GSSG, μmol/L 22.85 ± 2.25 21.26 ± 2.02 
GSH/GSSG   1.50 ± 0.22    0.91 ± 0.14* 
RI GSH   0.601 ± 0.052    0.447 ± 0.049* 
Note: * – Р < 0.05, ** – Р < 0.01, *** – Р < 0.001 compared to the values in the 
control group; RI GSH – redox index of glutathione.  

The total antioxidant activity in patients with NOA was reduced by 
1.49 times (P < 0.001). The concentration of reduced glutathione decrea-
sed by 1.8 times and the concentration of total glutathione decreased by 
1.77 times (P < 0.01). No significant changes in the concentration of oxidi-
zed glutathione were detected. It can be considered that an important 
diagnostic test for NOA is the ratio of reduced glutathione to oxidized 
glutathione in sperm plasma: in normozoospermia – 1.50 ± 0.22 and in 
NOA – 0.91 ± 0.14 (P < 0.01).  

In the study of individual non-ezymatic components of the glutathio-
ne antioxidant system in blood serum, it was found that the total antioxi-
dant activity in NOA was reduced by 1.22 times, but these changes are not 
significant (Table 5). The concentration of reduced glutathione decreased 
by 1.59 times (P < 0.001), and the concentration of total glutathione de-

creased by 1.22 times, but these changes are not significant. As in the case 
of seminal plasma, no significant changes in the concentration of oxidized 
glutathione were detected. The calculation of the redox index (RI GSH) 
showed a 1.33-fold decrease (P < 0.05) in the total power of this system in 
the seminal plasma of men with non-obstructive azoospermia. No such 
decrease is observed in the serum. However, a sharp decrease in the con-
centration of reduced glutathione and its ratio to oxidized glutathione in 
the serum indicates its increased use in both seminal plasma and blood.  

Table 5  
Indicators of pro- and antioxidant system in blood serum (x ± SE, n = 69)  

Indicators 
Almost healthy men 
(normozoospermia,  

n = 46) 

Non-obstructive form  
of azoospermia 

(n = 69) 
MDA, μmol/L 31.14 ± 3.35 42.44 ± 4.30 
Total antioxidant activity, μmol/L   1.225 ± 0.144   0.980 ± 0.122 
GSH, μmol/L 17.82 ± 1.18     11.20 ± 1.15*** 
GSHt, μmol/L 19.64 ± 1.84 16.14 ± 1.52 
GSSG, μmol/L   1.32 ± 0.18   1.42 ± 0.24 
GSH/GSSG 13.48 ± 0.36       7.88 ± 0.22*** 
RI GSH   0.932 ± 0.120   0.912 ± 0.104 
Note: see Table 4.  

 
Discussion  
 

When diagnosing male infertility, the basic study is a spermogram, al-
though it does not provide an understanding of the causes of impaired 
spermatogenesis. One of the important markers and expert methods of 
diagnosis, which allows us to assess the morphofunctional state of the 
testicular parenchyma, may be the hormone inhibin B, which is a univer-
sal growth factor belonging to the family of transforming growth factors β 
(Hafez et al., 2014; Binder et al., 2015; Grunewald et al., 2015). This hor-
mone is produced in the testes by Sertoli cells and is known to synchroni-
ze the work of the hypothalamic-pituitary-gonadal axis together with 
follicle-stimulating hormone (Meachem et al., 2001). The anterior pitui-
tary gland regulates the reproductive system with the help of gonadotropic 
hormones – FSH and luteinizing hormone (LH). For LH, the main target 
cells in men are Leydig cells, which secrete testosterone, the most impor-
tant hormone for stimulating spermatogenesis in men.  

It is known that the secretion of inhibin B directly depends on the le-
vel of FSH and spermatogenesis (Deng et al., 2014). A level of inhibin B 
less than 80 pkg/mL indicates the presence of reproductive problems in 
men. These data are directly correlated with testicular function. Inhibin B 
levels are higher in men who do not have fertility problems. In patients 
who have been castrated, inhibin B is not detected. This strongly confirms 
that inhibin B reflects the function of the testes, in particular Sertoli cells. 
There is a relationship between the level of inhibin B, the level of FSH and 
testicular function and the level of inhibin B in the serum reflects the func-
tional state of spermatogenesis, as it participates in the feedback of the 
hypothalamic-pituitary-testicular axis (Grunewald et al., 2015; Ibrahim 
et al., 2015). It is suggested that the assessment of serum inhibin B levels 
may be an alternative to biopsy and also used for the differential diagnosis of 
male infertility (Barbotin et al., 2015; Grunewal et al., 2015). Literature data 
show that in normozoospermia the level of inhibin B in the serum is 202 ± 
47 pg/mL and in azoospermia – 61 ± 78 pg/mL (Kadyrov et al., 2015).  

Literature data also show that the infectious-toxic factor in 8.5–36.0% 
is the cause of male infertility (Horpynchenko et al., 2016; Horpynchenko 
& Romniuk, 2016). It should be noted that according to the literature, 
chlamydia occurs in 45% of patients with NOA (Rogozin, 2020). Howe-
ver, whether chlamydial infection is the cause of azoospermia is debatable. 
There is evidence that urogenital infections can lead to unilateral or bila-
teral obstruction of the ejaculatory tract, as well as the appearance of anti-
bodies to sperm and ejaculatory dysfunction (Kurylo et al., 2016). The most 
common urogenital infections are caused by microorganisms such as 
Chlamidia trachomatis, Mycoplasma hominis and Ureaplasma urealiti-
cum, as well as gram-negative microflora and often asymptomatic, lea-
ding to pathozoospermia (Horpynchenko & Romniuk, 2016; Chen et al., 
2018). In addition, increased production of oxygen free radicals in inflam-
mation can reduce the fertility of sperm due to damage to sperm mem-
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branes and their DNA (Aitken & Koppers, 2011). It should be noted that 
the question of the role of subclinically and clinically pronounced infec-
tions of the male genital tract in the formation of infertility is still debated. 
Many different mechanisms are involved in the deterioration of spermato-
genesis and sperm quality caused by infection of the gonads or inflamma-
tory processes. Leukocytes are markers of infection, but there are contro-
versial views on the effect of their presence in seminal plasma on male 
fertility. According to WHO recommendations, 106 leukocytes/mL of 
ejaculate should be considered as the limit of leukocytospermia. However, 
many studies have not found a correlation between the number of leuko-
cytes and the number of sperm progenitor cells or their function (Havry-
lyuk et al., 2013).  

The most common method of identifying a bacterial infection of the 
male urogenital tract is microbiological culture of seminal fluid or prostate 
secretion. If the number of pathogen colonies is large after classical cul-
ture, there is a version of probable damage to the spermatogenic epithe-
lium or sperm by free oxygen radicals. The latter are always contained in 
excess in infected biological fluids because in the inflammatory process 
they migrate phagocytes with activated oxygen-dependent enzymes. 
However, the question of whether infectious factors are always the cause 
of azoospermia is not clear. It cannot be ruled out that this is just a combi-
nation of asymptomatic infection with another (underlying) pathology. 
It should be noted that the infection caused by Ureaplasma urealyticum is 
the most dangerous for the reproductive function of men (Rogozin, 2020). 
Our studies revealed the highest percentage of this pathogen among other 
microorganisms, with NOA – 12.3%, and with OA – 11.7%. This is the 
most common microorganism that infects the male reproductive system. 
This pathogen alters various characteristics of the process of spermatoge-
nesis, in particular spermatogenic epithelium and sperm.  

Thus, urogenital infections are an important reason for reduced male 
fertility. By damaging the spermatogenic epithelium, microorganisms 
cause disorders of spermatogenesis, the appearance of abnormal and 
pathological forms of sperm. Once in the ejaculate, infectious agents can 
disrupt sperm motility by producing reactive oxygen species, leading to 
peroxidation of membrane lipids, mitochondrial damage, and pro- / anti-
oxidant imbalance (Horpynchenko & Romniuk, 2016; Rogozin, 2020; 
Vorobets et al., 2020). According to modern ideas, the development of 
pathological processes in the body, in particular caused by microorga-
nisms, is accompanied by a violation of the mechanisms of antioxidant 
protection of cells (Fafula et al., 2017; Aitken, 2020; Yin et al., 2020). 
The obtained data to some extent agree with others where the increase of 
MDA level and decrease of concentration of reduced glutathione in se-
minal plasma at azoospermia is shown (Krzysciak et al., 2020; Kurkows-
ka et al., 2020). The obtained data are to some extent consistent with oth-
ers where an increase in the MDA level and a decrease in the concen-
tration of reduced glutathione in seminal plasma in azoospermia (N’Gues-
san at al., 2016; Fafula et al., 2017; Sinha & Gupta, 2018) and impaired 
expression of the glutathione transferase gene family are associated with 
the development of male infertility (Fafula et al., 2019). In general, lipid 
peroxidation is thought to cause oxidative stress, which is one of the cau-
ses of infertility.  
 
Conclusion  
 

As a result of the conducted research the importance of determining 
the concentration of inhibin B as a marker of azoospermia was demon-
strated and a negative correlation of moderate strength between the con-
tent of inhibin B and testosterone level in the plasma of men with non-
obstructive azoospermia was revealed. It was found that Ureaplasma 
pervum and U. urealyticum infect the male genitourinary system to the 
greatest extent among a number of microorganisms, both in non-obstruc-
tive and obstructive forms of azoospermia. Enterococcus faecalis is more 
pronounced in the sperm fluid in the non-obstructive form of azoospermia 
and prostate secretion in the obstructive form of azoospermia. The pro-
cesses of lipid peroxidation intensify, the concentration of reduced gluta-
thione decreases, and the activities of the enzymes of the glutathione anti-
oxidant system, glutathione peroxidase and glutathione transferase de-
crease in the seminal plasma and serum in the non-obstructive form of 
azoospermia. It can be considered that an important diagnostic test for the 

nonobstructive form of azoospermia is the ratio of reduced glutathione to 
oxidized glutathione in sperm plasma.  
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