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ABSTRACT 
Introduction and aim. Recently, infertility has become a global problem and the frequency of the “male” factor in family infer-
tility has reached 40-50%. The aim of the research is to investigate the role of some biochemical indicators (endocrine factors 
and fructose) in determining male infertility.
Material and methods. In the study, the spermogram of 101 men aged 20–46 with idiopathic male infertility, the concentration 
of follicle-stimulating hormone (FSH), luteinizing hormone (LH), prolactin and testosterone hormones in their blood, and the 
concentration of fructose in their sperm samples were analyzed, and their correlations were determined.
Results. The concentration of FSH in the blood serum of men with asthenozoospermia and oligozoospermia increased statistically 
significantly by 57.7% and 2.4 times, respectively, compared to the control. More serious endocrinological disorders were recorded in 
men with azoospermia. In men with non-obstructive azoospermia, the concentration of FSH is 8.8 times, that of LH is 2.9 times; while 
prolactin increased by 89.0% compared to the control, testosterone concentration decreased by 22.9%. The fructose concentration 
in the oligozoospermia group compared to the control group increased by 60.8% (pH1<0.001), and in the non-obstructive azoosper-
mia group by 2.0 times (pH1=0.001). A positive correlation between FSH and LH and a negative correlation between fructose con-
centration and forward motility of spermatozoa were determined in both asthenospermic and oligozoospermic patients (ρ=0.544; 
p=0.002). In case of non-obstructive azoospermia, FSH and prolactin, in azoospermia, LH and testosterone were directly proportional.
Conclusion. During male infertility, there is a serious relationship between sperm indicators and endocrine disorders. An in-
crease in the concentration of fructose is the main indicator of a decrease in the number and motility of spermatozoa. A high 
concentration of FSH and LH in men with azoospermia can be considered one of the important indicators in the diagnosis of 
non-obstructive azoospermia.
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Introduction
Currently, 14–30% of married couples suffer from infer-
tility, and the share of male infertility in this problem is 
about 50%. This is explained by the increase in the harm-
ful effects of environmental, industrial and household 
factors on the human body.1,2 Infertility in men is mul-
tifactorial, including various endocrine diseases, dam-
age to the testicles for any reason, sexually transmitted 
infections, varicocele, harmful habits, obstruction of the 

genitals and their growth, obesity, environmental factors, 
chronic stress, sleep disorders, intense office work, phys-
ical load. deficiency, vitamin deficiency, etc.3 Under the 
influence of these factors, the quantitative and qualitative 
indicators of the spermogram deteriorate, as the number 
of spermatozoa decreases, their mobility weakens, the 
number of spermatozoa with fragmented DNA and chro-
matin disorders increases, and pathological spermatozoa 
with anomalous structure are formed. Structural-func-
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tional pathology of spermatozoa has a weak ability to fer-
tilize, resulting in infertility in men.4,5 Currently, for the 
purpose of laboratory diagnosis of male infertility, indica-
tors characterizing the general fertilizing ability of sperm 
– concentration of spermatozoa, motility, proportion of 
spermatozoa with normal morphology – are studied.6-8  
Current diagnostic methods for determining male infer-
tility cannot determine its causes in 44–70% of cases. At 
this time, the treating doctor diagnoses idiopathic male 
infertility and cannot determine the causes of pathosper-
mia.6,9 Although the spermogram is a simple method for 
examining spermatozoa, it does not provide complete 
information about the disorders of the spermatogenesis 
process.10,11 In most cases, pathological changes in sperm 
are non-specific, they cannot accurately determine the 
type of infertility, they only show any changes in indica-
tors. In this regard, the parallel study of sperm and blood 
plasma metabolites in the development of male infertility 
can create greater diagnostic possibilities. In recent years, 
in the diagnosis of male infertility, the study of hormonal 
balance, determination of the level of fructose in sperm 
plasma has been studied more widely.

We believe that determining the level of new ef-
fective biochemical markers along with spermogram 
indicators can provide more accurate information in de-
termining the type of male infertility.

Changes in the endocrine system also play a major 
role in the disruption of the spermatogenesis process. 
One of the main causes of male infertility is endo-
crine disorders.12,13 Hormones regulate male reproduc-
tive functions based on the principle of well-integrated 
complex interactions at different developmental stages. 
In men, sexual development and hormonal functions 
depend on the functional activity of a complex chain 
involving the hypothalamus-pituitary-gonadal (HPG) 
and the central nervous system. The hypothalamic-pi-
tuitary-gonadal system consists of three endocrine 
organs: the hypothalamus, the anterior lobe of the pi-
tuitary gland, and the testes, which secrete peptide, pro-
tein, and steroid hormones.

Gonadotropin-releasing hormone (GnRH) syn-
thesized in the hypothalamus regulates the secretion 
of gonadotropins, follicle-stimulating hormone (FSH), 
luteinizing hormone (LH) in the anterior lobe of the 
pituitary gland. FSH accelerates the maturation of sper-
matogonia by acting on Sertoli cells. In Leydig cells, LH 
ensures the synthesis and release of testosterone.14-16 
In the presence of testosterone, FSH stimulates Serto-
li cells and induces spermatogenesis.17 Although many 
hormones play a role in the formation of sperm, testos-
terone is considered the most important factor in the 
process of spermatogenesis.18

Seminal fluid consists of complex organic and in-
organic compounds, and although these substances are 
not of decisive importance in the fertilization process, 

they play an important role in the mobility, functional 
activity and transportation of spermatozoa in the female 
reproductive organs. Among these substances, fructose 
is an aerobic and anaerobic energy source for sperm 
motility, as fructose undergoes metabolism and breaks 
down into lactate and pyruvate. Metabolism of fructose 
in spermatozoa takes place through the classical Emb-
den-Meyer glycolysis pathway. Phosphates of hexoses, 
triose phosphates and pyruvic acid are intermediates in 
the formation of lactic acid. Lactate is the main carbo-
hydrate source in spermatozoa, and lactic acid is broken 
down to carbon dioxide and water in the Krebs cycle 
in the presence of oxygen. Due to the generated energy, 
the mobility of spermatozoa is ensured. In the presence 
of glucose, fructose participates in the disintegration of 
the outer acrosomal membrane - the formation of the 
acrosomal reaction.1,19 Fructose also plays an important 
role in sperm viscosity and hyaluronidase activation. 
Determination of fructose in the seminal fluid can al-
low to determine the state of the seminal vesicles, endo-
crine anomalies, and obstruction of the seminal ducts. 
This vital biochemical component not only increases the 
functional activity of the prostate, but also plays an im-
portant role in sperm coagulation and dilution.1,20

Aim
The aim was to to investigate the role of some biochemi-
cal indicators (endocrine factors and fructose) in deter-
mining male infertility.

Material and methods
The study plan was implemented in accordance with the 
Helsinki Final Act and the protocol was approved by the 
Ethics Committee Azerbaijan Medical University ICE 
Committee on Medical Sciences (№8. 28.06.2020).

In the study were analyzed blood and sperm sam-
ples of 101 men aged 20–46 years (31.6±0.5 years) with 
idiopathic male infertility, who had not had children 
for more than a year and the female cause of infertility 
was excluded, as well as the presence of antisperm an-
tibodies in the couple. All subjects gave informed con-
sent for inclusion before they took part in the study. 
The study was conducted in accordance with the Dec-
laration of Helsinki.The study excluded patients with 
a burdened drug history (androgens or anti-estrogens), 
chromosomal translocations, hypogonadotropic hypo-
gonadism, as well as other endocrine diseases leading 
to decreased testosterone secretion: hypothyroidism, 
thyrotoxicosis (determined based on the levels of thy-
roid-stimulating hormone, free thyroxine T4), decom-
pensation of diabetes mellitus, hypercortisolism, as well 
as renal or liver failure, inflammatory and infectious 
diseases of the urogenital tract in the acute stage, with 
pituitary adenoma. We studied men who had not had 
children for more than a year and the reasons were only 
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the male factor. a female cause of infertility was exclud-
ed, as was the presence of antisperm antibodies in the 
couple 20 fertile men aged 23–40 years (31.1±1.1 years) 
were included in the control group. The control group 
was selected among men who had children (fertile) and 
were practically healthy. After 3–5 days of abstinence 
from sexual intercourse, sperm samples were collected 
from each male patient by masturbation, and the sam-
ples were poured into dry, clean disposable sterile con-
tainers and analyzed morphologically after 30 minutes. 
Phase-contrast microscopy and special dyes were used 
to evaluate the structure and functions of spermatozoa. 
4 days before the spermogram, alcohol consumption, 
including beer, as well as hot procedures – going to the 
bath, sauna, hot bath, unfavorable working conditions 
are prohibited. Motility was assessed as the proportion 
of sperm that gradually became motile at 37°C using a 
Makler chamber. Men were considered azoospermic if 
no sperm were detected or if sperm were detected only 
after centrifugation of the semen sample. Men with azo-
ospermia were not included in these analyses.

The number and quality of spermatozoa in the se-
men was analyzed. The patients included in the study 
were divided into 3 groups based on the criteria estab-
lished by the World Health Organization in 2010 ac-
cording to the number and activity of their spermatozoa: 
asthenozoospermia (patients with a normal number 
of spermatozoa and low forward motility) – 56 people; 
oligozoospermia (number of spermatozoa in 1 ml of 
sperm <15 million) – 30 people: azoospermia (absence 
of spermatozoa in ejaculate) – 15 people.7 Patients in the 
azoospermia group were divided into two groups: ob-
structive (n=7) and non-obstructive azoospermia (n=8). 
The morphological structure of spermatozoa was eval-
uated based on their appearance and compared with 
Kruger’s criteria. Spermatozoa were classified into one 
of four morphological groups: normal, head pathology, 
neck pathology, mixed pathology. Thus, spermatozoa 
with head, neck and tail pathology can be found in the 
spermogram. In some cases, several pathologies are de-
tected in anomalous cells at the same time (mixed pa-
thology). When the ratio of such spermatozoa is higher 
than 96%, the sperm loses its ability to fertilize and tera-
tozoospermia occurs. This is caused by chromosomal pa-
thologies, enzyme diseases, viral infections, etc. can be. 
Asthenozoospermia is diagnosed when the concentra-
tion of moving spermatozoa is below 32%. The propor-
tion of morphologically normal spermatozoa that fully 
meet the Kruger criteria should not be less than 4%.20,21 

The concentration of fructose was determined by 
centrifuging the sperm sample at a speed of 3000 rpm for 
10 minutes. The concentration of fructose in sperm fluid 
was determined by the colorimetric method with the help 
of B.I.R.D. Diagnostics (Baharafshan institute of Research 
and development) “semen fructose” reagent kit. 

In order to examine the hormonal status, the con-
centration of FSH, LH, testosterone and prolactin in the 
blood serum of men was measured using the electroche-
miluminescence immunoassay technique with the help 
of Roche e411 autoanalyzer. The statistical analysis of the 
obtained results was carried out using the Excel-2017 
software package based on Manna-Whitney and Krus-
kal-Wallis non-parametric criteria. Statistical analysis of 
the obtained results was carried out using the SPSS-26 
software package (IBM, Armonk, NY, USA) based on the 
t-Student-Bonferroni and H-Kruskal-Wallis tests. Differ-
ences between groups were considered statistically sig-
nificant when p<0.05. Correlation dependence between 
indicators was determined based on Spearman’s statis-
tical criterion. To identify relationships between indica-
tors, a ρ(Rho)-Spearman correlation analysis was carried 
out. The statistical significance of the ρ-correlation coef-
ficient was assessed using a two-sided test.

Results
According to the results of sperm analysis, the number 
of spermatozoa decreased by 41,1% (pH<0.001) in the 
asthenozoospermia group, and by 7.9 times (pH1<0.001) 
in the oligozoospermia group compared to the control 
group. The number of moving spermatozoa decreased 
by 73,7% (pH<0.001) in the oligozoospermia group, 
and by 3.7 times (pH<0.001) in the asthenozoospermia 
group compared to the control. As can be seen, the total 
number of spermatozoa in men with oligozoospermia 
compared to men with asthenozoospermia decreased by 
5.6 times (pH2<0.001), and the number of moving sper-
matozoa decreased by 2.1 times (pH2<0.001). According 
to the calculations, a statistically significant difference in 
the number of moving spermatozoa between the groups 
was determined (pK<0.001).

Male infertility can be caused not only by the num-
ber of spermatozoa, but also by changes in their morpho-
logical structure. In our research work, the number ratio 
of spermatozoa with head and neck pathology was deter-
mined. According to the results of microscopic analysis, 
there was no statistically significant change in the num-
ber of spermatozoa with neck and head pathology in men 
with asthenozoospermia compared to the control group. 
In men with oligozoospermia, the ratio of spermatozoa 
with neck and head pathology was significantly reduced 
by 10.3% (pH1=0.01) and 41,7% (pH1=0.003), respectively, 
compared to the control group. A statistically significant 
difference was determined between the groups in terms 
of the proportion of spermatozoa with neck (pK=0.031) 
and head (pK=0.005) pathology.

According to the results of microscopic analysis, 
spermatozoa with mixed pathology prevailed in men 
with infertility. In asthenozoospermic men, the percent-
age of spermatozoa with mixed pathology increased by 
29.3% (pH1=0.014), and in oligozoospermic men by 61% 
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(pH1<0.001), compared to the control group, statistical-
ly significantly increased. The percentage of spermato-
zoa with mixed pathology in men with oligozoospermia 
was 24.5% (pH2=0.001) higher than in men with asthe-
nozoospermia. A statistically significant difference in 
the number of spermatozoa with mixed pathology was 
determined between the groups (pK<0.001).

Table 1. Indicators of sperm during idiopathic male 
infertility*

Sperm index
Kontrol
(n=20)

Groups p

Asthenozoospermia 
(n=56)

Oligozoospermia
(n=30)

Number, 
(millions)

M 64.6 45.9 7.2 <0.001

Median
63.5

45
pH1<0.001

8
pH1<0.001
pH2<0.001

Q1 61 30 4.5

Q2 74 60 10

Forward 
movement, 

(million)

M 34.6 17.9 7.8 <0.001

Median
33

19
pH1<0.001

9
pH1<0.001
pH2<0.001

Q1 32 14 2

Q2 35.5 23 11

Neck
pathology, 

%

M 63.3 60 55.2 0.031

Median
64 61

58
pH1=0.01

Q1 61 55 48

Q2 68.5 68 62

Head
pathology, 

%

M 9.9 8.1 5.3 0.005

Median
8.5 7.0

6
pH1=0.003
pH2=0.041

Q1 7 5 3

Q2 12 10 7

Mixed
pathology, 

%

M 21.2 28.2 37.3 <0.001

Median
20.5

26.5
pH1=0.014

33
pH1<0.001
pH2=0.001

Q1 17.5 21 28

Q2 24.0 35 48

Normal, % M 5.7 3.7 2.2 <0.001

Median
5

3
pH1<0.001

2
pH1<0.001
pH2=0.016

Q1 4 2

Q2 7 2

* M – arithmetic mean, n – number, Q1 – quartile1, Q2 
- quartile2, pH1 – compared to control, pH2- compared to 
patients with asthenozoospermia, p – compared between 
all groups

In men with asthenozoospermia, the percent-
age of spermatozoa with normal structure is 66,7% 
(pH1<0.001); in men with oligozoospermia – 2.5 
times (pH1<0.001) statistically significantly decreased 
compared to the control group. The proportion of 
morphologically normal spermatozoa in men with oli-

gozoospermia was 50% (pH2=0.016) lower than in men 
with astheno-zoospermia. A statistically significant dif-
ference was determined between the groups in terms of 
the proportion of morphologically normal spermatozoa 
(pK<0.001) (Table 1).

Thus, during male infertility, the proportion of mor-
phologically normal spermatozoa in sperm samples is sig-
nificantly reduced, while the number of spermatozoa with 
mixed pathology is on the contrary increased. This differ-
ence was more pronounced in men with oligozoospermia.

Serious disorders in the endocrine system have 
been identified during male infertility. In the study, the 
concentration of FSH in the blood of men with asthe-
nozoospermia increased by 57.7% compared to the con-
trol, but the result was not statistically significant. There 
was no significant change in the concentration of LH, 
testosterone and prolactin in this group compared to the 
control group.

The concentration of FSH in the blood serum of 
men with oligozoospermia was statistically significantly 
increased by 2.4 times (pH1=0.046), the concentration of 
LH and testosterone tended to increase compared to the 
control by 39.3% and 17%, respectively, the concentra-
tion of prolactin and decreased by 31.7%.

In men with non-obstructive azoospermia, the con-
centration of FSH – 8.8 times (pH1<0.001), LH – 2.9 
times (pH1<0.001); while prolactin increased by 89% 
compared to the control, testosterone concentration de-
creased by 22.9%.

In men with obstructive azoospermia, the concen-
tration of FSH – 2.1 times, LH – 32.1%; while prolactin 
increased by 31.8% compared to the control, testoster-
one concentration decreased by 10.3%. These results 
were not statistically significant.

As can be seen from the obtained results, serious en-
docrine disorders were not recorded in asthenozoosper-
mic patients, unlike other groups, compared to fertile 
men, only the concentration of FSH increased significant-
ly. In patients with oligozoospermia, compared to men 
with asthenozoospermia, both FSH (51%) and LH (30%) 
concentrations increased more, and testosterone (8.7%), 
prolactin (19.6%) concentrations tended to decrease. 

More serious endocrinological disorders were re-
corded in men with azoospermia. Thus, in men with 
non-obstructive azoospermia, the concentration of 
FSH, LH and prolactin was 3.7 times (pH3<0.001), 2.1 
times (pH3<0.001) and 2.5 times (pH3=0.024), respec-
tively, compared to men with oligozoospermia.  has 
increased significantly. Testosterone concentration 
in this group decreased by 43.8% compared to men 
with oligozoospermia. At the same time, in men with 
non-obstructive azoospermia, compared to obstruc-
tive azoospermia, the concentration of FSH, LH and 
prolactin increased by 4.2 times (pH4<0.001), 2.2 times 
(pH4=0.033) and 43.8%, respectively. A statistically sig-
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nificant difference was determined between the groups 
according to the concentration of FSH (pK<0.001) and 
LH (pK=0.001) (Table 2).

Table 2. Changes in the concentration of FSH, LH, 
testosterone, prolactin hormones in blood, fructose in 
sperm during idiopathic male infertility*

Index

Check
(n=20)

Groups

p

As
th

en
oz

o-
os

pe
rm

ia 
(n

=
56

)

Ol
igo

zo
os

pe
rm

ia 
 

(n
=

30
)

Az
os

pe
rm

ia
(n

on
-o

bs
tru

cti
ve

)
(n

=
7)

Az
os

pe
rm

ia
(o

bs
tru

cti
ve

)
(n

=
8)

Age M 31.1 31.4 32.5 31.4 30.8

0.862
Median 31.5 30 32.5 31 29.5

Q1 28 27.5 28 23 27

Q2 3 35. 35 38 35

FSH
mIU/ml

M 3.2 5.2 7.3 24.4 4.9

<0.001
Median 2.6 4.1

6.2 
pH1=0.046

22.8
pH1<0.001
pH2<0.001
pH3<0.001
pH4<0.001

5.4

Q1 2.1 2.2 4 17.5 3.4

Q2 3.8 5.7 10 32.7 6.1

LH
mIU/ml

M 3.3 3.9 4.3 8.3 4.6

0.001
Median 2.8 3.9

8.2
pH1<0.001
pH2<0.001
pH3=0.001
pH4=0.033

3.7

Q1 2.1 2.3 2.9 5.6 3.1

Q2 4.5 4.6 5.3 9.2 5.6

TST
nmol/ml

M 12.4 13.1 14 9 13.7

0.167
Median 11.8 12.7 13.8 9.6 10.7

Q1 10.6 9.3 10.1 6.7 10.2

Q2 15 15.5 15.5 10.3 14.7

PRL
mIU/l

M 225.1 228.6 188.1 379.8 300.8

0.196
Median 208 189 158

394
pH3=0.024

274

Q1 191 141 127 136 155

Q2 225 301 230 507 422

Fructose, 
mg/dl 

M 241.1 300.5 388.6 412.7 241.8

<0.001
Median 238.8 284.8

384
pH1<0.001
pH2<0.001
pH4<0.001

476
pH1=0.001
pH2=0.024
pH4=0.004

194.0

Q1 232.1 244.2 356 408 45.1

Q2 245.5 350.5 406 496 429

* FSH – follicle-stimulating hormone, LH – lutein-
stimulating hormone, TST – testosterone, PRL – prolocatin, 
M – mathematical average, n – number, Q1 – quartile1, 
Q2 – quartile2, pH1 – compared to control, pH2 – compared 
to patients with asthenozoospermia, pH3 – compared to 
patients with oligozoospermia, pH4 – compared to patients 
with obstructive azoospermia, p – compared between all 
groups

The obtained results showed that the concentration 
of fructose did not change significantly in the groups 

of asthenozoospermia (19.3% tended to increase) and 
obstructive azoospermia (23.1% tended to decrease) to 
the control group. A statistically significant increase of 
fructose concentration in the oligozoospermia group 
compared to the control group was observed by 60,8% 
(pH1<0.001), and in the non-obstructive azoospermia 
group by 2 times (pH1=0.001). In patients with non-ob-
structive azoospermia, the concentration of fructose in 
sperm is 23.9% (pH2=0.024) higher than in patients with 
asthenozoospermia, and 2.6 times higher (pH4=0.004) 
than in patients with obstructive azoospermia. A sta-
tistically significant difference was determined between 
the groups for the level of fructose (pK<0.001).

 In the study, correlations between clinical-morpho-
logical indicators of spermatozoa, hormonal disorders 
and fructose concentration were determined in patients 
diagnosed with male infertility. Based on statistical cal-
culations, it was determined that there was a positive 
correlation between FSH and LH (ρ=0.544; p<0.001) in 
the blood of men with asthenozoospermia, which in-
dicates the interdependence of the secretion of both 
hormones. Thus, LH stimulates spermatogenesis, while 
FSH plays an important role in the completion of the 
spermatogenesis process by ensuring the maturation of 
spermatozoa. A decrease in the total number of sperma-
tozoa (ρ=-0.388; p=0.003) and the percentage of sper-
matozoa with head pathology (ρ=-0.492; p<0.001) was 
observed in this group against the background of an in-
crease in the concentration of FSH. There is a negative 
relationship between fructose concentration and for-
ward motility of spermatozoa in men with asthenozo-
ospermia (ρ=-0.542; p<0.001). Although the number of 
spermatozoa decreased in this group, the percentage of 
spermatozoa with mixed pathology increased among 
them (ρ=-0.455; p=0.001). A negative correlation was 
shown between the ratio of spermatozoa with mixed 
pathology and the ratio of spermatozoa with neck 
(ρ=-0.784; p<0.001) and head (ρ=-0.356; p=0.008) pa-
thology. As the number of spermatozoa with mixed pa-
thology increased, the number of normal spermatozoa 
decreased (ρ=-0.769; p<0.001).

The same trend was recorded in the oligozoosper-
mia group. In the oligozoospermia group, a positive 
correlation (ρ=0.525; p=0.025) was shown between the 
age limit of patients and the proportion of spermato-
zoa with neck pathology. A positive correlation be-
tween FSH and LH was determined in this group as 
well (ρ=0.544; p=0.002). Was found between testoster-
one levels and sperm count (ρ=0.514; p=0.004) a posi-
tive correlation. There is a negative correlation between 
sperm count and fructose (ρ=-0.872; p<0.001). This also 
shows that when the number of spermatozoa decreas-
es, the consumption of fructose in the seminal fluid de-
creases. Decreased consumption of fructose results in 
higher concentration of fructose in sperm. Between the 
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proportion of sperm with cervical pathology and the 
proportion of sperm with mixed pathology (ρ=-0.919; 
p<0.001) was observed a negative correlation. In case 
of non-obstructive azoospermia, a direct correlation 
between FSH and prolactin was determined (ρ=0.990; 
p=0.017). That is, of non-obstructive azoospermia an 
increase in the level of prolactin accelerates the synthe-
sis and secretion of FSH. In obstructive azoospermia, 
was found between direct correlation between LH and 
testosterone (ρ=0.714; p=0.047).

Discussion
As can be seen from the obtained results, only the con-
centration of FSH increased significantly in asthenozo-
ospermic patients compared to fertile men. In patients 
with oligozoospermia, although the concentration of 
FSH increased statistically significantly, the concen-
tration of LH tended to increase, while the concentra-
tion of testosterone and prolactin tended to decrease. 
More serious endocrinological disorders were record-
ed in men with azoospermia. In both groups of patients 
with azoospermia, compared to patients with astheno-
zoospermia and oligozoospermia, the concentration of 
prolactin increased, while the concentration of testos-
terone tended to decrease. In the group of non-obstruc-
tive azoospermia, the concentration of FSH, LH and 
prolactin significantly increased compared to all groups.

It is known that FSH and LH are synthesized in the 
anterior part of the pituitary gland, and their level in-
creases primarily in the gonads – indicating functional 
disorders of the male gonads, hypogonadism as a result 
of primary damage to the testicles, as their secretion is 
regulated based on the feedback mechanism with the 
level of testosterone. When the level of testosterone in 
the blood increases, the concentration of gonadotropic 
hormones decreases. If the production of sperm in the 
testicles decreases, more FSH is synthesized in the pi-
tuitary gland in order to restore the normal function of 
the testicles.22 Thus, a very high level of FSH indicates 
an abnormality in the initial stages of spermatogenesis. 
In addition, elevated levels of FSH during azoospermia 
and severe oligozoospermia cause damage to the semi-
niferous tubules. Apparently, in men with non-obstruc-
tive azoospermia, an increase in the level of LH, FSH, 
and a decrease in testosterone, on the contrary, leads to 
a violation of the spermatogenesis process and a sharp 
decrease in spermatozoa. It is known that under physio-
logical conditions, high levels of LH and FSH stimulate 
the secretion of testosterone in Leydig and Sertoli cells, 
accelerating spermatogenesis. However, at a certain lev-
el, they negatively affect the hypothalamus-pituitary-go-
nadal system and influence the secretion of testosterone 
through a feedback mechanism. At this time, the con-
centration of testosterone remains either low or within 
the norm.22 The increase in the level of FSH is more con-

sistent with the hypothesis of an increase in the secre-
tion of inhibin in the process of spermatogenesis. The 
increase of LH explains its inhibitory effect on the initial 
stages of spermatogenesis through a feedback mecha-
nism. However, there are possibilities that feedback fac-
tors can inhibit the secretion of LH and FSH.23

In men with asthenozoospermia, while the con-
centration of LH, prolactin and testosterone is normal 
compared to men with normozoospermia, an increase 
in the level of FSH only indicates the syndrome of Ser-
toli cells, that is, damage to cells that produce sperm. 
This is usually recorded more often during serious dam-
age to the testicles and anomalies at the initial stage of 
spermatogenesis.24,25 The results of the study showed 
that, although the total number of spermatozoa decreas-
es in the oligozoospermia group compared to astheno-
zoospermia patients, the number of spermatozoa with 
mixed pathology increases. It is known that with oligo-
zoospermia the number of sperm is predominantly re-
duced, and in men with asthenozoospermia the number 
of sperm moving forward is reduced. One of the main 
reasons for the violation of the forward movement of 
sperm is a violation of their morphological structure. 
Patients with asthenozoospermia have many sperm 
with mixed pathology.

If the level of gonadotropins is elevated (FSH>LH) 
when the sperm count is low or zero, the patient should 
be investigated for the causes of primary hypogonad-
ism. Deficiency in the first stages of spermatogenesis 
is observed in such patients.24 In these cases, hypergo-
nadotropic hypogonadism develops, the low level of 
testosterone leads to a violation of the feedback mecha-
nism and an adequate increase in the concentration of 
gonadotropins. According to our results, in men with 
non-obstructive azoospermia, more hypergonadotrop-
ic hypogonadism symptoms are observed – high level of 
gonadotropins, testosterone tends to decrease.

Hyperprolactinemia is one of the main endocr-
inopathies associated with male infertility. Hyperpro-
lactinemia affects sperm motility in many studies.12,26 
However, in our study, the effect of hyperprolactinemia 
on sperm motility was not determined, the concentra-
tion of prolactin in men with asthenozoospermia did 
not change significantly compared to the control group. 
A significant increase in the level of prolactin in men 
with azoospermia compared to other groups confirms 
the important role of hyperprolactinemia in the devel-
opment of male infertility. As a result of experimental 
experiments, it was determined that there are prolac-
tin receptors in the prostate gland, and a high concen-
tration of prolactin inhibits the growth of the prostate 
gland. In addition, the expression of prolactin recep-
tors in the choroidal sheath and hypothalamus proves 
the role of this hormone in male fertility. Acute hyper-
prolactinemia inhibits the synthesis of testosterone by 
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inducing the hypersecretion of corticoids in the adre-
nal glands or by inhibiting the secretion of QnRH due 
to the prolactin receptors present in dopamine neurons 
in the hypothalamus and can cause spermatogenesis 
disruption.12,26-28  In our study, a slight decrease in the 
level of testosterone against the background of hyper-
prolactinemia was observed in men with non-obstruc-
tive azoospermia. It has been established that endocrine 
disorders also play an important role in the formation 
of non-obstructive azoospermia. With non-obstructive 
azoospermia, a decrease in testosterone levels is also 
observed. Studies have shown that prolactin also plays 
a  role in reducing testosterone levels, since prolactin 
suppresses the secretion of GnRH and suppresses tes-
tosterone synthesis, resulting in a decrease in testoster-
one levels leading to suppression of FSH expression.

Fructose and prolactin levels decrease with age in 
men with obstructive azoospermia. The decrease in the 
synthesis of LH in this cup leads to the weakening of the 
synthesis and secretion of testosterone, as a result, the 
formation of spermatozoa is disrupted, and their num-
ber decreases. A decrease in the number of spermatozoa 
also leads to a decrease in fructose consumption and an 
increase in its level in sperm. 

Fructose is synthesized in seminal vesicles and is 
considered the main catabolizable energy substrate of 
seminal fluid.1 While glucose ensures long-term motili-
ty of spermatozoa during their functional activity, fruc-
tose is important in their fast and rapid movement in 
the phase of interaction with the egg cell and in the ac-
rosomal reaction phase.19 In an environment with high 
activity of normal spermatozoa, the concentration of 
fructose decreases due to the high energy demand.29 The 
concentration of fructose increases as a result of the de-
crease in the number of spermatozoa. This is primarily 
due to the fact that fructose is an energy reservoir for 
spermatozoa. Since only motile spermatozoa use fruc-
tose, the determination of fructose is important in the 
diagnosis of patients with asthenozoospermia. Thus, 
during idiopathic asthenozoospermia, the number of 
spermatozoa with mitochondrial defects increases. The 
increase in the level of fructose in the oligozoospermia 
and non-obstructive azoospermia group is primarily 
explained by the decrease in the number of spermato-
zoa, their anomalous morphology, and their mobility. 
A decrease in the level of fructose in sperm impairs 
the movement and coagulation of spermatozoa, which 
may be associated with inflammation of the genital 
tract. In patients with astheonozoospermia and oligo-
zoospermia, the ratio of spermatozoa with mixed pa-
thology significantly increases compared to the control 
group, while the ratio of normal spermatozoa decreases. 
Pathological spermatozoa consume a small amount of 
fructose because they are weakly motile or completely 
immobile.1,29,30

Conclusion
Thus, an increase in the concentration of FSH, LH and 
prolactin in the blood serum, and a decrease in the con-
centration of testosterone causes the disruption of the 
spermatogenesis process, causing male infertility. A high 
concentration of FSH and LH in men with azoospermia 
can be considered one of the important indicators in the 
diagnosis of non-obstructive azoospermia. An increase 
in the concentration of fructose is the main indicator of 
a decrease in the number and motility of spermatozoa. 
Determination of FSH, LH, prolactin, testosterone and 
fructose concentrations can be of great importance in the 
differential diagnosis and prediction of male infertility, 
and can be used to determine the process of spermato-
genesis and the biological characteristics of sperm.

Declarations
Funding 
No external funding was received for this research.

Author contributions 
Conceptualization, G.E.N.; Methodology, G.E.N.; Soft-
ware, G.E.N.; Validation, G.E.N.; Formal Analysis, 
G.E.N.; Investigation, G.E.N.; Resources, G.E.N.; Data 
Curation, G.E.N.; Writing – Original Draft Preparation, 
G.E.N.; Writing – Review & Editing, G.E.N.; Visualiza-
tion, G.E.N.; Supervision, X.X.; Project Administration, 
G.E.N.

Conflicts of interest
The author assert that they have no conflicts of interest.

Data availability
The author can provide the data upon request.

Ethics approval
Permission to conduct the study was obtained from the 
Ethics Committee. The study plan was implemented in 
accordance with the Helsinki Final Act and the proto-
col was approved by the Ethics Committee Azerbaijan 
Medical University ICE Committee on Medical Scienc-
es (№8. 28.06.2020).

References
1.	 Toragall MM, Satapathy SK, Kadadevaru GG, Hiremath MB. 

Evaluation of Seminal Fructose and Citric Acid Le-
vels in Men with Fertility Problem. J Hum Reprod Sci. 
2019;12(3):199-203. doi: 10.4103/jhrs.JHRS_155_18

2.	 Agarwal A, Mulgund A, Hamada A, Chyatte MR. A uni-
que view on male infertility around the globe. Reprod Biol 
Endocrinol. 2015;13:37. doi: 10.1186/s12958-015-0032-1

3.	 Gangwar PK, Sankhwar SN, Pant S, et al. Increased Go-
nadotropins and prolactin are linked to infertility in ma-
les. Bioinformation. 2020;16(2):176-182.  doi: 10.6026/ 
97320630016176



574 European Journal of Clinical and Experimental Medicine 2024; 22 (3): 567–574

4.	 Gamidov SI, Ovchinnikov RI, Popova AYu, Naumov NP, 
Gasanov NG. Role of male infertility in assisted repro-
ductive technology programs (a literature review).  An-
drology and Genital Surgery. 2017;18(3):28-36. doi: 
10.17650/2070-9781-2017-18-3-28-36

5.	 Nguyen HTT, Dang HNT, Nguyen TTT, et al. Correlations 
between abnormalities of morphological details and DNA 
fragmentation in human sperm. Clin Exp Reprod Med. 
2022;49(1):40-48. doi: 10.5653/cerm.2021.04777

6.	 Pavlov DS, Zubkova AYu, Kamaeva IA, Guskova EN. 
Spermogram as one of the most important laborato-
ry methods for studying male fertility. Young Scientist. 
2016;26.2(130.2):30-34. 

7.	 World Health Organization.  Laboratory manual for the 
examination and processing of human semen.  5th ed. 
Geneva: World Health Organization; 2010.

8.	 Moretti E, Signorini C, Noto D, Corsaro R, Collodel G. 
The relevance of sperm morphology in male infertili-
ty. Front Reprod Health. 2022;4:945351. doi: 10.3389/
frph.2022.945351

9.	 Okonofua FE, Ntoimo LFC, Omonkhua A, et al. Causes 
and Risk Factors for Male Infertility: A Scoping Review of 
Published Studies. Int J Gen Med. 2022;15:5985-5997. doi: 
10.2147/IJGM.S363959

10.	 Agarwal A, Majzoub A, Parekh N, Henkel R. A schemat-
ic overview of the current status of male infertility prac-
tice. World J Mens Health. 2020;38:308-322. doi: 10.5534/
wjmh.190068

11.	 Murgia F, Corda V, Serrenti M, et al.  Seminal Fluid Me-
tabolomic Markers of Oligozoospermic Infertility in 
Humans. Metabolites. 2020;10(2):64. doi: 10.3390/meta-
bo10020064 

12.	 Sengupta P, Dutta S, Karkada IR, Chinni SV. Endocrinop-
athies and Male Infertility. Life (Basel). 2021;12(1):10. doi: 
10.3390/life12010010

13.	 Babakhanzadeh E, Nazari M, Ghasemifar S, Khodada-
dian A. Some of the Factors Involved in Male Infertility: 
A Prospective Review. Int J Gen Med. 2020;13:29-41. doi: 
10.2147/IJGM.S241099.  

14.	 Li X, Zhu Q, Wen Z, et al. Androgen and Luteinizing Hor-
mone Stimulate the Function of Rat Immature Leydig 
Cells Through Different Transcription Signals. Front. En-
docrinol. 2021;12:599149. doi: 10.3389/fendo.2021.599149.

15.	 de Mattos K, Pierre KJ, Tremblay JJ. Hormones and Si-
gnaling Pathways Involved in the Stimulation of Leydig 
Cell Steroidogenesis. Endocrines. 2023;4:573-594. doi: 
10.3390/ endocrines4030041

16.	 Corinne TM, Anatole PC, Jeanne NY. Comparison of Se-
rum Inhibin B and Follicle-Stimulating Hormone (FSH) 
Level between Normal and Infertile Men in Yaoundé. In-
ternational Journal of Reproductive Medicine. 2020;2020: 
4765809.

17.	 Grande G, Barrachina F, Soler-Ventura A, et al. The Role of 
Testosterone in Spermatogenesis: Lessons From Proteome 
Profiling of Human Spermatozoa in Testosterone Defi-

ciency. Front. Endocrinol. 2022:13:852661. doi: 10.3389/
fendo.2022.852661

18.	 Shirshov V.N.  Current state of the male infertility prob-
lem: the review of european association of urology clinical 
guidelines. Clinical Practice. 2016;1(25):39-50.

19.	 Tsujii H, Ohta E, Miah AG,  Hossain Sh. Effect of fructose 
on motility, acrosome reaction and in vitro fertilization 
capability of boar spermatozoa. Reprodactive Medicine Bi-
ology. 2006;5(4):255-261. doi: 10.1111/j.1447-0578.2006. 
00150.x

20.	 Barak S, Baker HWG. Clinical Management of Male Infer-
tility. 2016; Feb 5. In: Feingold KR, Anawalt B, Blackman 
MR, et al., editors. Endotext [Internet]. South Dartmouth 
(MA): MDText.com, Inc.; 2000.

21.	 Wald G, Punjani N, Hayden R, Feliciano M, Dudley V, 
Goldstein M. Assessing the clinical value of the Kruger 
strict morphology criteria over the World Health Organi-
zation fourth edition criteria. FS Rep. 2021;2(2):176-180. 
doi: 10.1016/j.xfre.2021.04.003

22.	 Gangwar PK, Sankhwar SN, Pant S, et al. Increased Go-
nadotropins and prolactin are linked to infertility in 
males. Bioinformation. 2020;16(2):176-182. doi: 10.6026/ 
97320630016176

23.	 Al-Daghistani H, Abdel-Dayem M. Hyperprolactinemia 
And Hypergonadotropins In Infertile Males With Sever 
Oligospermia And Azoospermia. The Internet Journal of 
Endocrinology. 2006;3(1):1-6. 

24.	 Hadeel AI,  Zhian SR. Impact of Serum Prolactin and 
Testosterone Levels on Male Infertility in Sulaimanyah 
City. Mosul Journal of Nursing. 2021;7(9):207-214.  doi: 
10.33899/mjn.2021.168676

25.	 Palani K, Abdul Jabbar A, Jagannathan N. Babu TT. As-
sociation of serum hormone profile and semen quality of 
infertile males in and around Chennai.  Int J Reprod Con-
tracept Obstet Gynecol. 2020;9(12):4860-4869. doi: https://
doi.org/10.18203/2320-1770.ijrcog20204935

26.	 Bradley DA. Approach to Male Infertility and Induction 
of Spermatogenesis. The Journal of Clinical Endocrino-
logy & Metabolism. 2013;98(9):3532-3542.  doi: 10.1210/
jc.2012-2400

27.	 Oduwole OO, Peltoketo H, Huhtaniemi IT. Role of Follic-
le-Stimulating Hormone in Spermatogenesis. Front Endo-
crinol. 2018;14(9):763. doi: 10.3389/fendo.2018.00763

28.	 Raut S., Deshpande S., Balasinor NH. Unveiling the Role 
of Prolactin and its Receptor in Male Reproduction. Horm 
Metab Res. 2019;51:215-219. doi: 10.1055/a-0859-1144

29.	 Ndovi TT, Choi L, Caffo B, et al. Quantitative assessment 
of seminal vesicle and prostate drug concentrations by use 
of a noninvasive method. Clin Pharmacol Ther. 2006;80(2): 
146-158. doi: 10.1016/j.clpt.2006.04.013

30.	 Agarwal A, Sharma RK, Gupta S. et al. Sperm Vitality and 
Necrozoospermia: Diagnosis, Management, and Results of 
a Global Survey of Clinical Practice. World J Mens Health. 
2022;40(2):228-242. doi: 10.5534/wjmh.210149


