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ABSTRACT

The present research aimed to examine the involvement of fructose and nitric oxide in the
development of idiopathic male infertility, while also exploring the potential correlation
between their concentrations and sperm motility as well as pathological alterations. The
research included the examination of sperm and blood samples from a total of 56 men
diagnosed with asthenozoospermia and 30 men diagnosed with oligozoospermia. The control
group consisted of a total of 20 essentially healthy individuals. The diagnosis is established by
the morphological analysis of sperm. Nitric oxide and testosterone levels in the blood serum,
as well as the fructose content in the semen of fertile and infertile men, were also measured.
The content of fructose in sperm fluid has a significant association with the decline in both
sperm count and motility, as shown by the observed values of 300.5+10.0 mg/dl in patients
with asthenozoospermia and 388.6£10.0 mg/dl in patients with oligospermia. The study
observed a significant rise in nitric oxide concentration by 25.0% (p<0.001) in individuals
diagnosed with asthenozoospermia (135.1£12.5 nmol/l) compared to those diagnosed with
oligozoospermia (108.1+3.9 nmol/l). This finding suggests that elevated levels of nitric oxide
may contribute to a reduction in sperm motility. It is important to acknowledge that although
there was no significant alteration in testosterone levels among those with oligozoospermia,
there was a tendency for an increase in testosterone concentration among those with
asthenozoospermia. The primary sign of a decline in the quantity and mobility of spermatozoa
is an elevation in fructose content. An elevation in nitric oxide levels results in a rise in the
quantity of morphologically modified pathogenic spermatozoa, subsequently resulting in a
reduction in their functional capacity.
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from 8% to 12% [2,3]. Female infertility

INTRODUCTION .
makes up 50% of the major causes of

Infertility is a significant socio-medical infertility, whereas male infertility makes
issue. Based on statistics provided by the up 30%-40%. Therefore, in around half of
World Health Organisation (WHO), the infertile couples, the male factor is a
global prevalence of infertility is estimated contributing element. Idiopathic infertility,
to be 15% [1]. Based on demographic also known as unexplained infertility, is the
among couples is estimated to include 25-30% of instances [2, 4, 5, 6]. The
around 190  million individuals. primary factors considered in evaluating
that the incidence of infertility among _ N

couples, in their reproductive years, ranges concentration, and motility of sperm.

Disruption of spermatozoa's metabolic
activities is one of the primary causes of
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male infertility since it results in a drop in
sperm quality and motility [7, 8]. In this
context, research on the use of biochemical
markers in the evaluation of male infertility
might be very important both theoretically
and practically. Fructose and nitric oxide
(NO) have recently received a great deal of
attention and have even been included in
the list of clinical-diagnostic tests due to
their function in the metabolism of
spermatozoa. When the percentage of
moving spermatozoa in the ejaculate is
below 40% and the percentage of forward-
moving spermatozoa is below 32%, it is
known as asthenozoospermia, which
indicates impaired sperm motility. Sperm
motility is a significant contributor to male
infertility in around 50.5% of instances.
This component plays a crucial role in
facilitating the movement of spermatozoa
into the uterine tube and enabling their
entry into the ovum, hence facilitating the
process of fertilization [9, 10].

The primary metabolizable energy
substrate of semen is assumed to be
fructose, which is synthesized in seminal
vesicles [11]. While fructose is crucial for
spermatozoa's quick and rapid movement
during the interface with the egg cell and
the acrosomal response phase, glucose
supports spermatozoa's long-term motility
throughout their functional activity [12].
The increased energy requirement causes
the concentration of fructose to drop in an
environment where normal spermatozoa
are active [13]. Since only motile
spermatozoa utilize fructose, it is crucial to
identify fructose when making a diagnosis
of asthenozoospermia in a patient.
Consequently, more spermatozoa with
mitochondrial abnormalities are seen
during idiopathic asthenozoospermia.

Furthermore, recent research has brought
attention to the involvement of reactive
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oxygen species (ROS) and nitric oxide
(NO) in the development of structural and
morphological alterations in spermatozoa,
particularly about the erection of the male
genital organ [14]. Nitric oxide has a crucial
role as a mediator in the functional activity
of spermatozoa. Nitric oxide has a role in
the regulation of cell permeability in testes,
is particularly effective in testicular
perfusion, activating gonadotropin and
facilitating its migration to Leydig cells,
maintains  accumulation and  blood
circulation function in myofibroblasts, and
controls the production of steroids [15].

Excessive synthesis of nitric oxide leads to
gonadal dysfunction, as well as oxidative
damage and apoptosis of spermatozoa. NO
influences spermatozoa's ability to move
controls how tyrosine is phosphorylated in
different  spermatozoa proteins and
modifies the acrosomal reaction. In low
concentrations, nitric oxide has a regulatory
role in the motility, vitality, and metabolism
of sperm. The rise in nitric oxide
concentration, resulting from peroxynitrite
generation, leads to a reduction in
spermatozoa motility, a decrease in protein
phosphorylation, and subsequent
immobilization of the spermatozoa.
Simultaneously, the  decrease in
intracellular glutathione content results in a
diminished efficacy of sperm antioxidants.
The disruption of the membrane structure is
associated with the release of lytic
enzymes, which subsequently cause
cellular damage, leading to a decrease in
sperm activity [15].

The objective of this research was to
investigate the involvement of fructose and
nitric oxide in the development of
idiopathic male infertility.
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MATERIALS AND METHODS

Fructose levels in the semen and nitric
oxide levels in the blood serum of
individuals with idiopathic male infertility
were examined for this reason. The primary
components of the research were sperm and
blood samples from 106 patients, aged 25
to 35, who had not had intercourse in the
previous three to five days. The primary
study group consists of 86 infertile patients,
whereas the healthy control group consists
of 20 of them (29). The determination of
sperm parameters was conducted by the
microscopic  inspection  of  sperm.
Typically, the concentration of
spermatozoa in one milliliter of semen
should exceed 15 million. If the value of
this indication is below 15 million, it is
referred to as oligozoospermia, while its
absence is referred to as azoospermia. The
study participants were categorized into
two groups based on the quantity and
motility of their spermatozoa:
asthenozoospermia (individuals with a
normal sperm count but limited forward
motion) - 56  individuals, and
oligozoospermia (individuals with the
number of spermatozoa in 1 ml of sperm
<10 million) — 30 people.

The  fructose and  nitric  oxide
concentrations in semen were quantified
using a colorimetric approach, using the
B.1.R.D "semen fructose" and "Total Nitric
Oxide and Nitrate/Nitrite” ELISA reagent
kit provided by R&D Systems. Using an
electrochemiluminescence  immunoassay
approach on a Cobas e411 analyzer, the
testosterone concentration in blood serum
was determined (Roche Diagnostics, USA).

The statistical analysis of the findings was
done wusing the Excel-2017 software
package. The study involved calculating the
average numerical value (M) and average
error (m) of the structural characteristic. To
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assess the extent of difference in the
quantitative indicators of fructose and nitric
oxide levels between the research groups
and the control group, the Wilcoxon-Mann-
Whitney nonparametric test was employed.
Statistical significance was attributed to
differences between groups when p< 0.05.

RESULTS AND DISCUSSION

The findings revealed that, in comparison
to the control group, the average fructose
content rose by 24.6%  during
asthenozoospermia and by 61.2% during
oligozoospermia (p 0.001) (Table 1).

There exists a positive correlation between
the decline in spermatozoa count and the
rise in fructose concentration. The intake of
fructose in the semen likewise declines as
sperm activity decreases. Fructose in the
semen thus becomes more concentrated.
This suggests that the observed decline in
fructose content may be attributed to a
reduced uptake of fructose by spermatozoa.
Therefore, fructose serves as a significant
energy source and is used for metabolism
and movement. The reduction in fructose
content  among individuals  with
asthenozoospermia may serve as a signal
for the existence of morphologically
modified and less motile spermatozoa. A
decrease in fructose intake is seen because
of an elevated occurrence of spermatozoa
exhibiting morphological alterations and
reduced motility. As a result, pathologically
altered spermatozoa are less mobile and
ingest less fructose [11].

Fructose serves as the primary source of
energy for spermatozoa, both in aerobic and
anaerobic conditions. The motility of
spermatozoa is facilitated by the metabolic
energy derived from fructose. The process
of generating adenosine triphosphate (ATP)
is attributed to oxidative phosphorylation
occurring inside the mitochondria. Fructose
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has a crucial role as a nutrition for
spermatozoa, since it undergoes metabolic
processes resulting in the production of
lactate and pyruvate. Spermatozoa rely on
the glycolytic cycle for ATP production and
concurrently generate lactate, which serves
as the primary supplier of acetyl-CoA
inside the mitochondria. The metabolic
process of fructose in spermatozoa takes
place  through the  well-established
Embden-Meyerhof glycolysis pathway.
The synthesis of lactic acid involves the
participation of intermediates such as
phosphates of hexoses, triose phosphate,
and pyruvic acid. Lactate serves as the
primary carbohydrate substrate inside
spermatozoa, whereas lactic acid undergoes
degradation into carbon dioxide and water
via the Krebs cycle, facilitated by the
presence of oxygen. The movement of
spermatozoa is facilitated by the energy
they create. The process of fertilization
occurs when motile spermatozoa undergo
the acrosomal reaction and successfully
penetrate an egg. When glucose is present,
fructose is involved in the breakdown of the
outer acrosomal membrane, which leads to
the creation of the acrosomal reaction [12].

Nitric oxide concentration increased by 2.1
times in patients with asthenozoospermia,
and by 64.3% in patients with
oligozoospermia compared to the control
group. The increase of nitric oxide in
patients with asthenozoospermia and
oligozoospermia compared to the control
group leads to the appearance of
pathological spermatozoa that have
undergone various morphological changes.
A 25.0% increase in nitric oxide in patients
with asthenozoospermia compared to
patients with oligozoospermia indicates
that it plays an important role in the activity
of spermatozoa.
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When ROS levels are elevated, oxidative
stress is known to develop. One of the most
prominent ROS representatives is nitric
oxide. The spermatozoa's resistance to the
impacts of free radicals is weakened due to
their tiny size and the fact that they contain
a very limited quantity of cytoplasm. Each
spermatozoid's membrane includes a
considerable amount of unsaturated fatty
acids in the form of docosahexaenoic acid
(where six double bonds between the
methylene groups are not conjugated),
which ensures membrane fluidity and
sperm motility. Because of the high
concentration of unsaturated fatty acids, the
membrane is more vulnerable to the
impacts of free radicals. The sperm cell has
a high energy need, and these cells are
abundant in mitochondria. As a result, the
mitochondrial membrane is the second
target. Because of the free radical action,
cell permeability rises, mitochondria
enlarge, and spermatozoa motility ceases.
Unsaturated fatty acids in the membrane of
spermatozoa are changed into saturated
fatty acids because of the action of a
significant quantity of ROS. Consequently,
the spermatozoa become immobile and are
unable to assist in fertilizing the ovum.
Simultaneously, free radicals can traverse
the cellular membrane and induce DNA
oxidation, decondensation, and subsequent
harm inside the spermatozoa. The DNA
helix is then broken by the subsequent
apoptosis process, which causes the cell to
die. Based on contemporary perspectives, it
has been shown that oxidative stress has the
potential to contribute to male infertility in
around 40% of instances [14, 16, 17, 18,
19].

Numerous biochemical reactions in the
tissues of the cavernosum include NO,
which is released by nerve tergum or
endothelial cells of blood vessels. Nitric
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Testosterone has a crucial role in both the
start and maintenance of  the
spermatogenesis process [21]. It is well
known that a reduction in fructose levels

oxide (NO) diffuses from the muscle cells
located in the blood arteries, where it binds

with the guanylate acetylase enzyme. This

Table 1: Sperm motility, Pathological Alterations, Blood Nitric Oxide Concentration, Testosterone Levels, and
Fructose Levels in Semen in Individuals with Idiopathic Male Infertility (M+m), min-max.

augmentation of the enzyme's activity.
Consequently, the acceleration of cGMP
production leads to the activation of protein
kinase, so facilitating the phosphorylation
of diverse proteins. The intracellular
concentration of Ca2+ falls due to the
efflux of ions from the cell, leading to an
accumulation of Ca2+ in the sarcoplasmic
reticulum. Consequently, the relaxation of
the sphincter cells in the veins of the genital
organ leads to an augmentation in arterial
blood flow [20].

In patients with asthenozoospermia
compared to the control group, testosterone
levels did not differ significantly, but its
concentration did, rising by 12.9%. The
outcomes weren't statistically significant.
Testosterone is produced in the Leydig cells
situated in the interstitial tissue of the male
gonads, and it has a paracrine influence on
the seminal ducts through diffusion.
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Patient groups Spermatoz Forward Pathological Fructose, Nitrous Testosteron
oa motion, (%) @ spermatozo mg/dl oxide (NO), e
a (%)
Quantity, mmol/l nmol/ml
min
Control group, n=20 64,6£3,1 34,6+0,9 21,2+1,0 241,1+3,9 65,8+7,7 12,4+0,7
(20-84) (30-45) (16-32) (217-277) (34-128,3) (6,69-17,2)
Asthenozoospermia, 459424 17,9+0,9 28,2+1,3 300,5+£10,0 135,1+12,5 13,1+0,7
n=56
(15-104) (2-28) (14-50) (201-482) (2,8-324,2) (5,69-30,5)
Oligozoospermia, 7,2+0,7 7,6£1,0 37,329 388,6+10,0 108,1+3,9 14,0£1,0
n=30
(0,4-13) (0-18) (21-61) (309-526) (86-134) (7,38-32,5)
p <0,001 <0,001 <0,001 <0,001 0,008 0,491
interaction results in a significant within sperm is associated with a decline in

spermatozoa motility under situations of
androgen insufficiency. Based on the
findings of our research, it has been
observed that individuals with
oligozoospermia exhibit normal levels of
testosterone concentration. Furthermore,
patients with asthenozoospermia tend to
display a slight increase in testosterone
concentration. This correlation suggests
that the elevated fructose concentration in
sperm is associated with a decline in sperm
motility. In the context of elevated nitric
oxide levels, the motor activity of
spermatozoa is diminished and there is a
decrease in fructose utilization, despite
spermatogenesis proceeding normally.

CONCLUSION

The primary sign of a decline in the
quantity and mobility of spermatozoa is a
rise in the concentration of fructose. An
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elevation in nitric oxide levels increases
morphologically deformed pathogenic
spermatozoa, subsequently resulting in a
reduction in their functional efficacy. The
quantification of fructose and nitric oxide
levels has significant relevance in the
identification and assessment of idiopathic
male infertility.

REFERENCES

[1]. Jungwirth A, Giwercman A, Tournaye
H, Diemer T, Kopa Z, Dohle G, Krausz C.
Guidelines on Male Infertility. EAU,2015;
1-42.

[2]. Ashok A, Parekh N, Panner Selvam
MK, Henkel R, Shah R, Homa ST,
Ramasamy R, Ko E et al. Panner Male
oxidative stress infertility (MOSI):
Proposed terminology and clinical practice
guidelines for management of idiopathic
male infertility. World J. Men’s Health. 37
2019; 37: 296-312.

[3]. Babakhanzadeh E, Nazari M,
Ghasemifar S, Khodadadian A. Some of the
Factors Involved in Male Infertility: A
Prospective Review. Int. J. Gen. Med.
2020; 13: 29-41.

[4]. Salonia (Chair) A, Bettocchi C,
Carvalho H, Corona G, Jones T.H.,
Kadioglu A., Martinez-Salamanca J.1,
Minhas (Vice-chair) S, Serefoglu EC,
Verze P. Sexual and Reproductive Healt.
European Association of Urology. 2020.
281 p.

[5]. Suxix QT, Bojedomoz VA Male
infertility. Etiology, pathogenesis and

classification of male reproductive
disorders. Moscow, 2009:13-85. (In
Russian)

[6]. Barratt CLR, Bjorndahl L, De Jonge
CJ, Lamb DJ, Osorio Martini F, McLachlan
R, Oates RD, van der Poel S, St John B,

115

Sigman M, Sokol R, Tournaye H. The
diagnosis of male infertility: an analysis of
the evidence to support the development of
global WHO guidance-challenges and
future research opportunities. Hum. Rep.
Update. 2017; 23 (6): 660-680.

[7]. Boitrelle F, Shah R, Saleh R, Henkel R,
Kandil H, Chung E, Vogiatzi P, Zini A,
Arafa M, Agarwal A. The Sixth Edition of
the WHO Manual for Human Semen
Analysis: A Critical Review and SWOT
Analysis. Life (Basel). 2021; 11(12):1368.

[8]. Al-Khazali IHA, Al-Fartosy A, Al-
Sawaad H. Studying the effect of seminal
fructose and citric acid level in men with
infertility. Ann Trop Med & Public Health.
2020; 23 (S13B): SP231375.

[9]. World Health Organization. WHO
Laboratory Manual for the Examination
and Processing of Human Semen. 5th ed.;
World Health Organization: Geneva,
Switzerland, 2010.

[10]. Wu ZG, Chen WK, Fei QJ, Liu YL,
Liu XD, Huang H, Shang XJ. Analysis of
semen quality of 38,905 infertile male
patients during 2008-2016 in Wenzhou
China. Asian J. Androl. 2021; 23 (3): 314—
318.

[11]. Toragall MM, Satapathy SK,
Kadadevaru GG, Hiremath MB. Evaluation
of Seminal Fructose and Citric Acid Levels
in Men with Fertility Problem. J Hum
Reprod Sci. 2019; 12(3):199-203.

[12]. Tsujii H, Ohta E, Miah AG, Hossain
S, Salma U. Effect of fructose on motility,
acrosome reaction and in vitro fertilization
capability of boar spermatozoa.
Reproductive Medicine Biology. 2006;
5(4).

[13]. Ndovi TT, Choi L, Caffo B, Parsons
T, Baker S, Zhao M, Rohde C, Hendrix



Pak. J. Biochem. Mol. Biol., 2023, 56(3):110-116

CW. Quantitative assessment of seminal
vesicle and prostate drug concentrations by
use of a noninvasive method. Clin
Pharmacol Ther. 2006; 80(2): 146—158.

[14]. Ovchinnikov RI. Male infertility
associated with oxidative stress of
spermatozoa: pathogenesis and therapeutic
approach. Medicinskiy Sovet. 2022; 5:46-
53. (In Russian)

[15]. Dutta S, Sengupta P. The Role of
Nitric Oxide on Male and Female
Reproduction. Malays J Med Sci. 2022;
29(2):18-30.

[16]. Semenova AV, Tomilova IK,
Panikratov KD, Kadykova EL, Basharin
AV. The role of nitric oxide in fertility
disorders in men. Urologiia. 2005; 6:31-6.
(In Russian).

[17]. Kullisaar T., Turk S, Kilk K, Ausmees
K, Punab M, Méndar R. Increased levels of
hydrogen peroxide and nitric oxide in male
partners of infertile couples. Andrology.
2013; 1(6):850-8.

[18]. Takeshima T, Usui K, Mori K, Asai
T, Yasuda K, Kuroda S, Yumura Y.
Oxidative stress and male infertility.
Reprod Med Biol. 2020; 20(1):41-52.

[19]. Gholinezhad M, Aliarab A,
Abbaszadeh-Goudarzi G, Yousefnia-Pasha
Y, Samadaian N, Rasolpour-Roshan K,

Aghagolzadeh-Haji H, Mohammadoo-
Khorasani M.  Nitric  oxide, 8-
hydroxydeoxyguanosine, and total

antioxidant capacity in human seminal
plasma of infertile men and their
relationship with sperm parameters. Clin
Exp Reprod Med. 2020; 47(1):54-60.

[20]. Qamidov SI, Ovchinnikov R.I.,
Popova A.Yu. Male infertility and erectile
dysfunction: effects of phosphodiesterase

116

type 5 inhibitors on spermatogenesis. RMJ.
2015; 11:626. (In Russian).

[21]. Grande G., Barrachina F, Soler-
Ventura A, Jodar M, Mancini F, Marana R,
Chiloiro S, Pontecorvi A, Oliva R, Milardi
D. The Role of Testosterone in
Spermatogenesis: Lessons From Proteome
Profiling of Human Spermatozoa in
Testosterone Deficiency. Front.
Endocrinol. 2022; 13:852661.



Pak. J. Biochem. Mol. Biol., 2023, 56(3):110-116

117



