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Abstract 

Spermatozoa are particular cells sensitive to oxidative stress (OS) which could be 
defined as an imbalance between the production of reactive oxygen species (ROS) rate 
and the antioxidant capacity of seminal plasma. Numerous studies suggest that OS 
should be considered as a possible idiopathic cause. Energy generation and apoptosis 
are two of mitochondria's main roles in spermatogenesis. The different physiological 
elements of reproductive function, from spermatogenesis to fertilization, are 
significantly regulated by mitochondria. In our study we are interested in two major 
antioxidant genes; mitochondrial transcription factor A (TFAM) is a very important 
molecule in initiating mtDNA transcription and Glutathione peroxidase-1 (GPx-1) is an 
intracellular antioxidant enzyme that enzymatically reduces hydrogen peroxide to water 
to limit its harmful effects. In this context for the first time, we are interested to detect 
the TFAM and the GPx-1 gene expression on the spermatozoa by Q-PCR reaction, 
examining the antioxidant status in asthenozoospermic and asthenoteratozoospermia 
groups, and exploring the relationship between the 2 genes in the pathology. Our study 
was carried out on 35 semen samples taken from asthenozoospermic and 
asthenoteratozoospermia patients, who consulted the laboratory of endocrinology, after 
sexual abstinence of 4-5 days. These samples were compared to control samples. The 
result showed a significant increase in the rate of TFAM gene expression in 
asthenoteratozoospermia, however, a significant decrease in asthenozoospermia and a 
downregulation in GPx-1 gene expression in both studied groups compared to control 
but it’s not significant, Thus it seems that the positive correlation found in our study 

between the two genes suggesting that TFAM and GPx-1 expression both might be 
linked to loss of motility and increase of abnormal form in sperm involving a new 
pathway that its very interesting in the future to confirm with a high number of patients 
and with other divers technique. 

Keywords: Oxidative stress, Asthenozoospermia, Asthenoteratozoospermia, TFAM, 
GPx-1, Q-pcr  
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INTRODUCTION  

Infertility affects 48.5 million couples globally, and 50% of cases are caused by male 

factors. (Agarwal et al. 2015). Male infertility is pathophysiologized by a few 

interconnected endogenous mechanisms. According to reports, oxidative stress (OS) is a 

key mechanism affecting male reproductive parameters in about 50% of cases of 

idiopathic infertility in men (Alahmar et al. 2021). 

The intricate multi-step process of mammalian spermatogenesis is supported by a small 

number of spermatogonial stem cells (Hara et al. 2014, de Rooij; 2017). Proliferation, 

meiosis, and differentiation are the three distinct functional phases that define 

spermatogenesis. Additionally, asthenozoospermia (low motility) and teratozoospermia 

(the modification of sperm morphology) are the two major factors that affect male 

reproduction; therefore, abnormal semen quality is the main cause of male infertility. 

The presence of oxidative stress (OS) considered one of the primary causes can leads to 

these alterations (Fainberg & Kashanian; 2019). Reactive oxygen species (ROS) 

concentrations that are extremely high can surpass natural antioxidant capacity and 

reach pathological levels. While high ROS levels have a negative impact on male 

fertility, physiological ROS concentrations are necessary to mediate proper sperm 

activities (Agarwal et al. 2022). 

The cellular machinery, which includes the TCA cycle, oxidative phosphorylation 

(OXPHOS), and ATP production, is one of the crucial aspects of mitochondrial 

regulation in postnatal germ cell development during spermatogenesis. These functions 

must be precisely regulated in a stage-specific manner to support crucial transitions. As 

a result, spermatozoa use glycolysis for survival but need OXPHOS and glycolysis both 

for motility and fertilization. Although, during spermatogenesis, there are reductions in 

the number of mitochondria and changes of their morphology, size, and localization (De 

Martino et al. 1979; Hess et al. 1993; Meinhardt et al. 1999; Vertika et al. 2020), it is 

not yet known how altered mitochondrial metabolism influences the fate of germ cells 

through epigenetic regulation and signaling pathways. 

Mitochondrial disorders in germinal tissues have received little attention. Idiopathic 

asthenozoospermia may be caused by more specific mitochondrial dysfunctions, 

according to some data. Sperm motility is positively correlated with the activities of 



 

certain mitochondrial enzymes, and this suggests that mitochondria may be essential for 

maintaining spermatozoa's ability to move (Mackenna; 1995, John et al. 1997, Ruiz-

Pesini et al. 1998). The midpiece of an adult mammalian spermatozoon has around 75 

mitochondria (Otani et al. 1988). There is compelling evidence that lower human male 

fertility is related to mitochondrial dysfunction (Folgero et al.1993, Kao et al.1995, 

Mundy et al.1995, Carra et al. 2004, Sousa et al.2011, Amaral et al. 2013, Hamada et al. 

2013, Demain et al.2017, Wu et al. 2019, Vertika et al. 2020). In the middle of the 

flagella of spermatozoa, "intermediate" type mitochondria are helically stacked end to 

end. Certain asthenozoospermic subjects have been reported to have fewer 

mitochondrial gyres and a shorter midpiece length when compared to a reference group 

(Mundy et al. 1995, Cardullo and Baltz; 1991). 

Human mitochondrial DNA (mtDNA) is a circular, double-stranded molecule with a 

size of roughly 16 kb that contains the genetic information for 22 tRNAs, 2 ribosomal 

RNAs, and 13 polypeptides (Anderson et al. 1981, Bibb et al. 1981). mtDNA 

replication happens independently from nuclear DNA (Bogenhagen & Clayton 1977). 

Nuclear DNA encodes one of the mitochondrial proteins (Reichert & Neupert 2002, 

Chacinska et al. 2009); for instance, the DNA polymerase gamma POLG is brought in 

by the nuclear DNA-coded protein known as mitochondrial transcription factor A 

(TFAM), which then activates mtDNA transcription and causes mtDNA to be packaged 

into nucleoids (Fisher & Clayton; 1988, Kanki et al. 2004). 

TFAM disruption results in embryonic mortality and reduces the number of copies of 

mtDNA in mice (Larsson et al. 1998), but increased TFAM protein levels in animals 

with mitochondrial DNA mutations partly restore mitochondrial functioning (Jiang et al. 

2017). Oxidative damage and mutations are more likely to affect the mitochondrial 

genome than the nuclear one. Sequence-specifically and randomly. For mitochondrial 

transcription to begin, sequence-specific binding to mtDNA promoter regions is 

necessary, which may also function as an RNA-primer for replication starts. TFAM as 

well compact the genome by binding mtDNA in a sequence-independent manner (Kang 

et al.2018), Besides, it has been discovered that MdTFAM transcription aids in Musca 

domestica version and interim repair of mitochondrial dysfunction and oxidative stress 

response. Since environmental toxins can up-regulate the transcription of the MdTFAM 

gene, it is believed that this gene can be employed as a biomarker to detect oxidative 

stress brought on by these pollutants (Feng et al. 2020). 



 

The primary source of oxidative stress in cells is an explosion of reactive oxygen 

species (ROS), which is produced mostly in mitochondria (Taverne et al. 2018). As a 

result, oxidative stress and alterations in mitochondrial function are intimately 

connected. By controlling mitochondrial function, TFAM, a crucial protein that controls 

mtDNA replication, can contribute to cell energy metabolism, activate the immune 

system, and reduce oxidative stress (Chimienti et al. 2018). Furthermore, much like 

other living cells, sperm defend themselves against this stress. Antioxidant defense 

systems, specifically antioxidant enzymes, are present in these cells and appear to be 

essential for male fertility (Colagar et al., 2009). One of the most important ones is 

glutathione peroxidase (GPX), a protein present in a variety of living organisms and an 

antioxidant enzyme that oxidizes GSH to GSSG to protect cells from the ROS rise 

(Morales et al., 2014); Gpx1 has a selenocysteine (Sec) in its active site and is a 

selenoprotein. According to Kryukov et al. (2003), there are 25 selenoproteins 

expressed in humans. Gpx1 is involved in redox activities (Hatfield et al. 2014). 

Selenium has long been thought to be a crucial component of male fertility (Wu et al. 

1973), and according to Gpx4 research, declining sperm progressive motility is linked 

to impaired mitochondrial membrane potential, cellular abnormalities, and 

oligoasthenozoospermia (Imai et al. 2001). Moreover, there have been conflicting 

findings regarding the relationship between Gpx1 polymorphisms and the risk of 

prostate cancer (Kote-Jarai et al. 2002). 

To emphasize a potential relationship between the seminal state and the expression of 

the two genes in male infertility, this thesis evaluates the mRNA expression of the 

TFAM and GPx1 genes in asthenozoospermic and teratozoospermic patients. 



 

I. THE ANATOMY OF THE MALE REPRODUCTIVE SYSTEM 

Unlike the female reproductive system, most of the male reproductive system is located 

outside of the body. These external structures include the penis, scrotum, and testicles, 

instead the epididymis, the vas deferens, the ejaculatory ducts, the prostate gland the 

urethra, the seminal vescicles and the bulbourethral glands are arrenged internally (Fig. 

1). The male reproductive system oversees both sexual and urinary functions. 

The purpose of the organs of the male reproductive system is to perform the following 

functions: 

- To produce, maintain, and transport sperm (the male reproductive cells) and 

protective fluid (semen) 

- To discharge sperm within the female reproductive tract during sex 

- To produce and secrete male sex hormones responsible for maintaining the male 

reproductive system 

The entire male reproductive system is dependent on hormones, especially follicle-

stimulating hormone (FSH) necessary for sperm production (spermatogenesis) and 

luteinizing hormone (LH) which stimulates the production of testosterone, necessary for 

sperm production too  

 

 
Fig 1: The anatomy of the male reproductive system 

 



 

a. Spermatogenesis 

Spermatogenesis is the combined process of cell proliferation, meiotic division, and cell 

maturation. It takes place, according to a precise spatial organization, within the 

testicular parenchyma (Kerr et al. 2006). 

This structure consists of the seminiferous tubules and the stroma, which surrounds the 

tubules and contains the Leydig cells with endocrine function. The seminiferous tubules 

are structures organized in a convoluted way, where spermatogenesis takes place, that 

flows into the rete testis, located at the level of the testicular mediastinum. The efferent 

ducts branch off from the rete testis and converge to form the epididymis. 

The wall of the seminiferous tubules is made up of germinative epithelium, which 

includes, next to the germ cells in different differentiation states, the Sertoli cells, non-

spermatogenic support cells, with important endocrine functions. Germ cells in an early 

stage of development are found peripherally, while those in the late stages protrude 

towards the lumen. 

The process by which the germinative cellular elements pass from the periphery to the 

lumen lasts about 74 days (Fig 2) and includes three phases (Kierszenbaum et al. 1994) 

- a phase of mitotic proliferation, which involves the spermatogonia. 

- a meiotic phase, carried out by the spermatocytes, which allows the division of the 

genome into haploid cells (spermatids) and during which all the processes related to 

genetic recombination (crossing-over) also take place. 

- a final phase of cell differentiation without further division, which leads to the 

formation of the mature sperm, through a series of morphological changes known by the 

term spermiogenesis. 

 



 

Fig. 2 Schematic human spermatogenesis 

 
Fig 2: Different phases of the spermatogenesis 

b. Mitotic phase 

Spermatogonial stem cells represent the mitotic phase of spermatogenesis that precedes 

meiosis and, therefore, the obtaining of cells from the haploid chromosomal set. This 

phase lasts 8-10 days in various mammals and has the aim of increasing the pool of 

cells destined to become spermatozoa. There are three types of spermatogonia: Ad 

(dark) stem spermatogonia divide to form other Ad stem spermatogonia or to give rise 

to proliferating spermatogonia, Ap (pale) spermatogonia, from which B spermatogonia, 

cells destined to differentiate, originate. By observing histological sections of 

seminiferous tubules under the microscope, it is possible to note that stem 

spermatogonium has two different mitotic behaviors. In fact, when it divides to give rise 

to other stem cells, after the telophase, the cytodieresis is complete and leads to the 

formation of two single daughter cells, that is, completely separated from each other. If, 

on the other hand, the stem spermatogonium must give rise to cells destined for the 

proliferative and differentiative pool, the cytodieresis is not completed. This disruption 

in the normal cell division process results in the two daughter cells being joined by a 

cytoplasmic bridge. This pair of cells divides even more times, always without 

completing the cytodieresis, giving rise to chains of cells always joined by cytoplasmic 

bridges. The cellular syncytes thus obtained will remain such for the entire duration of 

spermatogenesis. Only now spermiation, or rather when the spermatozoa are released 



 

into the lumen of the seminiferous tubule, the mature cells will separate from each 

other, acquiring their own individuality. 

c. Meiosis phase 

As mentioned, only type B spermatogonia undergo the process of meiosis that will lead 

to the generation of male gametes. From type B spermatogonia, therefore, primary, or 

first-order spermatocytes originate, which duplicate their DNA and subsequently go 

encounter the first meiotic division which, in mammals, lasts from 13 to 18 days and 

ends with the formation of secondary or second-order spermatocytes. These cells, 

present for only 8 hours, are endowed with a haploid but doubled chromosomal set due 

to the persistence at this stage of two chromatids for each chromosome of the genetic 

set. It is with the second meiotic division that the two sister chromatids of each 

chromosome segregate each in the nucleus of one of the two daughter cells, now called 

spermatids. 

d. Spermiogenesis 

Spermiogenesis is a process lasting 13-16 days through which the spermatids, without 

further divisions, become spermatozoa developing specific structures such as the 

flagellum and the acrosome, essential for the ability to fertilize. Initially, the spermatid 

has a small spherical nucleus, 5-6 mm in diameter, with finely scattered chromatin. The 

Golgi apparatus is adjacent to the nucleus and the two centrioles, mitochondria, and 

other organelles are in the periphery of the cell. Spermiogenesis can be divided into four 

phases: the Golgi phase, the cap phase, the acrosomal phase, and the maturation phase. 

During these stages of development, there are deep changes, both morphological and 

functional. 

During the Golgi phase, small granules contained in a vacuole appear in this apparatus, 

called proacrosomal granules. Thereafter, the proacrosomal granules merge to form a 

single acrosomal bead wrapped in a membrane that is part of the Golgi complex. In the 

cap phase, the acrosomal vesicle increases in volume and prepares to cover the anterior 

two-thirds of the nucleus, thus forming the acrosome cap. In the meantime, the two 

cellular centrioles move towards the pole of the nucleus opposite the newly formed 

acrosomal cap: the so-called proximal centriole, takes position at the posterior pole of 

the nucleus; the other, the distal centriole, acts as a basal corpuscle for the flagellum 

which, in the meantime, is being organized. During the subsequent stages of 



 

differentiation, the distal centriole disappears. In the subsequent acrosomal phase, 

considerable changes occur in the acrosome, nucleus, and flagellum. The acrosomal 

apparatus adapts to the nuclear form and covers a large part of this, placing itself in the 

opposite direction to the flagellum. The nucleus, in turn, moves towards the periphery 

of the cell, taking a more elongated shape. The chromatin inside condenses and 

becomes inactive. The cytoplasm stretches at the level of the caudal pole of the nucleus 

to envelop the proximal part of the flagellum, where the mitochondria are concentrated, 

which will then surround the axoneme in that portion, creating a real collar. During the 

maturation phase, the spermatid completes its transformation into sperm in all its 

aspects: the nucleus and the acrosome assume the characteristic shape of the species; in 

humans, the nucleus is pear-shaped, and the acrosome covers the anterior two-thirds. 

In the final stages of spermiogenesis, there is a deep reorganization of the chromatin 

which condenses further becoming extremely compact. The procedure through which 

this occurs has the purpose of condensing the chromosomes in the very narrow nuclear 

space of the spermatozoon and protecting this chromosomal kit from the insults that 

threaten it during its transit along the male and female genital tracts. 

 

e. Spermiation 

At the end of spermiogenesis, the cytoplasmic bridge that holds the cell which has 

reached maturity together with the cell chain deriving from the same clone is 

eliminated, forming the so-called residual bodies immediately phagocytosed by the 

Sertoli cells. At this point the spermatozoon, which has become a single cell, is released 

into the tubular lumen, from where it is rapidly pushed towards the rectus tubules and 

the rete testis thanks to the peritubular myoid cells and their contractile activity. A small 

portion of cytoplasm remains attached to the sperm, the cytoplasmic drop, which will be 

eliminated during the maturation of the sperm in the epididymis. 

 

II. Male infertility 
1. Definition 

According to World Health Organization, infertility is a disease of the male or female 

reproductive system defined by the failure to achieve a pregnancy after 12 months or 

more of regular unprotected sexual intercourse (WHO 2010).  



 

Infertility affects millions of people of reproductive age worldwide and has an impact 

on their families and communities. One out of 6 couples consults for procreation 

difficulties, the prevalence is estimated at approximately 15 % of couples, attempting 

pregnancy and in half of these cases, infertility can be attributed to being due to male 

factor. Male infertility is mostly idiopathic, and its frequency is estimated at 40-75% 

(Dohle et al., 2002). 

2. Semen analysis 

 

✓ Teratozoospermia 

The morphology of the spermatozoon constitutes an important parameter in the 

exploration of the quality of the sperm for infertile men, indeed, the spermatozoa is a 

cell obtained following a long process of differentiation and maturation. Each of these 

stages could be altered, resulting in the production of abnormal sperm; this is called 

teratozoospermia, in this case, the pathological threshold depends on the classifications 

used (De Braekeleer et al. 2015). 

✓ Asthenozoospermia 

Asthenozoospermia is characterized by a drop in the mobility of spermatozoa (SPZ). 

Mobility is considered normal beyond 40 %. It’s considered primary if the drop in 

mobility occurs within the first hours or considered secondary if it is 4 hours after sperm 

emission. On disting total asthenozoospermia; the total absence of motility of all the 

SPZ (Afzelius et al.1975).  

As the etiology and pathogenesis of asthenospermia are complicated, there still are 

some arguments. In the past several decades, most of the studies of asthenospermia’s 

treatment are focused on the regulation of hormones, antioxidation, (Busetto et al. 2018) 

providing energy for sperm, (Liu et al. 2020) supplying trace elements, (Alsalman et al. 

2018) and assisted reproductive technology (ART). Exploration of male infertility  

There are 3 groups dividing the Asthenozoopsermic pathology.  

1. Moderate Astheno. 30 % <a+b<40 %  

2. Severe Astheno.10 % <a+b<30 %  



 

3. Extreme Astheno. a+b<10 %  

a: the percentage of rapid progressing motile spz  

b: the percentage of slow-progressing motile spz  

In the case of important Asthenozoospermia, several causes can be evoked like 

infection, hyperviscosity, flagellar dyskinesia, auto-immunization… 

❖ Exploration of male infertility 

Male infertility is defined by the presence of abnormalities in sperm parameters, 

according to the criteria defined by the WHO (who.2010). 

 

Tab1: Official norm of sperm parameters who 2010 

3. Principal etiology  

 

The etiologies of Male infertility are principal: 

- Endocrinal pathology 

- Nonobstructive pathology (secretory) 

- Obstructive pathology 

- Ejaculation pathology 

- Varicocele 

- Idiopathic oligoasthenoteratozoospermia(OAT) 

- The presence of anti-sperm antibodies. 

 



 

4. Varicocele 

 

Varicocele is defined as a dilation of the pampiniform plexus in the testicle, it’s found 

in 15 % of men with normal sperm parameters, and in 25-40% of men with sterility 

(Sharlip et al. 2002). Its multifactorial pathology, several mechanisms have been 

proposed to explain infertility, but none is proven. Suggested mechanisms include 

hypoxia and stasis, testicular venous hypertension, increased temperature and increase 

catecholamines in the spermatic vein and increase oxidative stress (Marmar; 2001). 

 

5. Spermogram 

Spermogram is currently basic examinations to assess the characteristics of the sperm. 

They are straight the other complementary examination which will identify one or 

several causes of infertility. 

• Spermogram: it represents the basic examination that allows a qualitative and 

quantitative analysis of the sperm, obtained after masturbation in the laboratory to 

identify a biological cause of infertility. 

• Spermocytogram: it’s the usual name to define the morphological analysis of 

human spermatozoa which makes it possible to evaluate the percentage of atypical 

forms (AF). 

The classification used in the laboratories. 

 DEFINITION  

NORMOZOOSPERMIA The parameters in the sperm are within the reference values of the WHO standards  

OLIGOZOOSPERMIA The sperm parameters with the concentration of spermatozoa are lower than the WHO reference 

value 

ASTHENOZOOSPERMIA The parameters of motility are lower than the WHO reference value 

AKINETOZOOSPERMIA Absence of motility 

TERATOZOOSPERMIA  The number of abnormally shaped spermatozoa is greater than the WHO reference value 

AZOOSPERMIA Absence of spermatozoa in the ejaculation  

ASPERMIA Absence of ejaculation 

CRYPTOZOOSPERMIA  A very low number of spermatozoa were obtained in the ejaculate. 

Tab 2: Definition of terms relating to sperm parameters. 

 



 

III. Oxidative stress 

One of the main causes of infertility in men is the high production of reactive oxygen 

species (ROS). Like any other cells, sperm cells are highly susceptible to oxidative 

injury, it can also be provoked by the reduced antioxidant capacity of semen and 

spermatozoa creating the conditions termed of oxidative stress (Browne et al. 2008). 

1. Definition 

Oxidative stress is defined as an imbalance between pro-oxidant or ROS and 

antioxidants (Rahal et al. 2014). Recently, this notion was modified by defining itself as 

an imbalance between the biochemical processes of ROS production and those 

responsible for their control (Powers et al. 2010). 

Haploid sperm cells are poorly equipped to fight free radical-mediated attacks. In 

addition, the high polyunsaturated fatty acids (PUFA) content of the spermatozoa 

membrane makes them more susceptible to ROS attacks. Intriguingly, Sperm cells are 

amongst the first cells that were shown to be good producers of ROS (Rashki Ghaleno et 

al. 2021) and spermatozoa-produced ROS have been found to be the key players in 

signal transduction pathways leading to sperm capacitation (Aitken et al. 2014). 

To prevent oxidative stress, there are enzymatic and non-enzymatic antioxidant defense 

systems in semen such as superoxide dismutase (SOD), glutathione peroxidase (GPX), 

catalase, and vitamins (Huang et al. 2018). 

 

2. Reactive oxygen species (ROS)  

The oxygenated free radicals are molecules characterized by the presence of at least one 

unpaired electron and a very short lifespan; they are in fact unstable molecules and react 

with other molecules by stripping them of an electron or by transforming them into 

radical molecules. They can lead to tissue damage by capturing electrons from a stable 

molecule. We distinguish a very wide set of radicals namely, superoxide anion (o2--), 

hydroxyl radical (OH) but also certain non-radical oxygenated derivatives whose 

toxicity is significant, such as hydrogen peroxide (H2O2) (Miranda-vilela et al. 2010). 

Several methods are used to directly estimate the rate of ROS in the sperms or indirectly 

by measuring the oxidation, they are dosed in chemiluminescence, using a luminometer, 



 

and they can be also detected by staining with Nitro blue tetrazolium (NRT) which 

produces a blue formazan, observable in photonic microscope following the reduction 

of superoxide ions by the tetrazolium. 

ROS production  

They are molecules derived from the aerobic metabolism of cells, detected for the first 

time in semen by Macleod in 1743. Different cellular elements can generate, the most 

widely accepted is the mitochondria via the complex of the respiratory chain. 

Leucocytes under the action of inflammatory stimulus can discharge up to 100 times 

more than usual ROS (Saleh et al. 2003). Apart from leucocytes, spermatozoa 

themselves are a potential source of ROS, especially when they exhibit morphological 

alterations. During spermatogenesis, elongated spermatids lose their cytoplasm, and 

they acquire the necessary condition for fertilizing power. However, damaged 

spermatozoa may retain excess cytoplasm around the intermediate part. We speak of 

excess resident cytoplasm (ECR), this system activates NADPH, resulting in ROS 

production (Rengan et al. 2012). 

ROS can also be produced access during exposition of the body to various exogenous 

and endogenous factors or stress such as radiation, alcool, tabac, and high temperature 

(Methorst et al. 2014). 

Physiological role of ROS 

Species derived from the active oxygen (superoxide anion and hydrogen peroxide) are 

physiological compounds involved in many normal processes. They are an essential 

factor in the capacitation of spermatozoa. Hydrogen peroxide H2O2 seems to control 

the Tyrosine phosphorylation associated with spermatozoa capacitation (Rivlin et al. 

2004). 

The deleterious effect of ROS 

If ROS reacts with a cellular compound before being removed by antioxidant 

molecules, it can cause irreversible damage to the cells. In case of oxidative stress, the 

high concentration of ROS can lead to the death of a cell by apoptosis (ROS can 

activate the mitochondrial signaling pathway for apoptosis), the preferred targets of 

ROS are lipids, proteins, and principally nucleic acids (Aitken et al. 2014). Indeed, ROS 

affects the DNA quality; inducing the DNA fragmentation (Aitken et al. 2014). 



 

 

3. The DNA of spermatozoa 

Reproduction in males is characterized by the production of large numbers of sperm 

through the process of spermatogenesis wherein the phenotypic normality gamete and 

genomic integrity may be altered (Aitken and Krausz; 2001). The formation of mature 

sperm is a unique process involving a series of meiosis and mitosis, cytoplasmic change 

in the architecture, replacing somatic histones with transition proteins, and final addition 

of protamine, leading to a highly compacted chromatin. 

a) Spermatic DNA structure 

The compaction refers to the complex and specific structure in which the DNA of sperm 

ejaculated is highly condensed. Sperm chromatin is a highly organized structure, the 

compacted structure is composed of DNA and a heterogeneous nucleoprotein (Evenson 

et al. 2002). In somatic cells, DNA is organized into nucleosomes, this nucleosome 

consists of a histone octamer around which the DNA molecule is wound. Two models 

are currently available to describe the compacted structure of DNA, a zigzag pattern, or 

a solenoid-shaped model (Dorigo et al. 2004). The chromatin of the spermatozoon is 

organized in a superposition of DNA loops. These are shaped like a ‘doughnut’ 

b) Chromatic rearrangement of germ cells 

It was during spermiogenesis that histones type nucleoproteins are replaced by a 

structure based on protamines to reduce the nuclear volume and increase the compaction 

of DNA. 

Chromatin spermatozoa are about six times more condensed than somatic cells. This 

very important compaction corresponds to the implementation of physical protection of 

the core gamete against the various attacks to which it could be submitted along its path, 

the seminiferous tubules to the oocyte cytoplasm. Finally, in mature human 

spermatozoa, about 15% of histone persists in the nucleus and over 70% of basic 

nuclear proteins are protamine (Braum; 2001; Sergerie et al. 2005). 

 

4. Tests of appreciation of the quality of chromatin of human spermatozoa 



 

Most techniques to seek DNA fragmentation will hardly distinguish between that due to 

a lack of maturity or final compaction of chromatin, and that due to endogenous and 

exogenous causes of DNA fragmentation. We distinguish between cytochemical types 

of tests for the characterization of chromatin (with fluorochromes) and biochemical tests 

(Roux et al. 2004). 

 Toluidine blue staining (BT) 

The level of condensation of the sperm chromatin is evaluated using a dye; toluidine 

blue or hydrochloride tri-methylthionine. This is a basic dye that has high-affinity 

basophil molecules including nucleic acids. A highly condensed DNA will leave 

penetrate little dye, giving a very pale blue core. 

 Staining of acetified aniline blue (BA) 

The aniline blue stained chromatin of round spermatids. An anomaly of the 

establishment of definitive nucleoproteins sperm will result in persistence of nuclear 

staining. The sperm usually considered normal and condensed on the nuclear level will 

have a completely colorless core (Dadoune et al. 1988). 

 Analysis of sperm chromatin structure (SCSA) 

This technique is based on the fact that the abnormal sperm chromatin is more likely to 

denature after treatment in situ with an acid and/or heat solution. SCSA technique uses 

meta-chromatic proprieties of orange acridine. The analysis is done with a flow 

cytometer to measure the ratio of red fluorescence (single denatured DNA) and green 

fluorescence (double-stranded DNA). 

Flow cytometry is used to study many sperm (sperm with a low count cannot be 

analyzed). The results obtained using the SCSA are only weakly correlated with WHO 

parameters like concentration, morphology, and motility (Evenson et al. 2002) 

 Aridine orange test (AOT) 

Acridine orange is an intercalating agent that fluorescence metachromatic green (515-

530nm) when it’s associated with double stranded DNA and orange red(>630nm) when 

it’s joint single-stranded DNA or denatured (Roux et al. 2004). Coloring with orange 

acridine sets oeuvre the DNA denaturing property in acidic condition and this technique 

does not require a flow cytometer. 



 

 Evaluation of chromatin by chromomycin A3(CMA3) 

A correlation was found between abnormalities in chromatin condensation and 

accessibility of the DNA to Chromocycin A3. CMA3 binds to DNA segments rich in 

guanines and cytokines, areas in competition with protamine binding sites. It reveals a 

local deficiency of definitive nucleoproteins in the chromatin, and DNA denatured or 

fragmented areas (Hammadeh et al. 2001). 

 Sperm chromatin dispersion (SCD) 

This test could be defined as a simple and inexpensive method, it consists in treating 

spermatozoa with an acid solution and then with lysis buffer. The DNA is then 

counterstained with DAPI (4’-6-diamidino-2-phenylindol). After this treatment, 

gametes without fragmented DNA release DNA loops which form large halos 

(Fernandez et al. 2003). Fertile men have significantly more gametes with large halos 

than infertile men (Chohan et al. 2006). 

 

5. The ROS regulation system protecting spermatozoa  

 

In order to protect spermatozoa against cellular and nuclear damage caused by the 

increased production of ROS, an antioxidant regulatory system would be essential to 

eliminate these molecules. They are two principal systems: the enzymatic and the non-

enzymatic system  

a) Enzymatic system  

This system is the first defense line in our bodies against ROS and they are crucial to 

preventing membrane lipid peroxidation (LPO), principally we can cite; superoxide 

dismutase (SOD), catalase, and glutathione peroxidase (GPx). 

b) Non-enzymatic oxidant system 

They are trace elements (zinc, selenium, vitamins…) that play a very important role in 

male fertility because they constitute cofactors for antioxidant enzymes, and they are 

involved in the structural integrity of spermatozoa (Colagar et al. 2009). 

 



 

IV. Glutathione peroxidase (Gpx) 
1. Glutathione system 

Glutathione, also known as -glutamyl-cysteinyl-glycine (GSH), is an intracellular 

tripeptide found in all mammalian organs. This thiol-containing compound is found in 

high amounts in the cytosol (1–11 mM), nuclei (3–15 mM), and mitochondria (5–11 

mM) in cell compartments.  

.  

Fig 4: Glutathione system; the enzymes that catalyze the reactions are (1) GPxs, (2) 

superoxide dismutase, (3) NADPH oxidase and mitochondrial respiratory complexes, 

(4) glutathione reductase, (5) gluco-6-phosphate dehydrogenase, (6) γ-glutamyl 

transpeptidase, (7) γ-glutamyl cyclo-transferase, (8) γ-glutamylcysteine synthetase, (9) 

glutathione synthetase, (10) γ-glutamyl transpeptidase. Abbreviations: AA, amino acid; 

O2−, radical superoxide; H2O2: hydrogen peroxide; GS-NO, glutathione-nitric oxide 

adduct; LOH, alcohol lipid; LOOH, hydroperoxide lipid, R., radical; RH, nonradical; X, 

electrophilic xenobiotics 

Glutathione peroxidase is a selenoprotein with biological functions that include the 

detoxification of endogenous and exogenous ROS, as well as the elimination of 

xenobiotics from cells. Mills (1957) was the first who identify the GPX, which was later 

detected in all cells investigated. Because it was shown to be expressed at large 

quantities in red cells, it was dubbed cytoplasmic GPX or erythroid-specific GPX. 

 

2. GPx-1 gene  

GPX is one of the antioxidant enzymes involved in the recycling of ROS. In the male 

genital tract, some GPX genes are expressed differently. the GPX protein family is split 



 

into five main classes based on its basic sequence, substrate selectivity, and subcellular 

location. The dysfunction of this molecule's expression in spermatozoa has been linked 

to human infertility in several studies (Imai et al. 2001; Foresta et al. 2002). In other 

studies, GSH is used to catalyze the reduction of hydrogen peroxide and lipid peroxides 

by eight distinct isoforms of GPx (Brigelius-flohé and Maiorino; 2013, Deponte; 2013). 

GPx1 contain a selenocysteine residue (SeCys) and it is tetramers (Nguyen et al.2011, 

Pastori et al. 2016). Furthermore, Gene sequence comparisons and dendrogram analyses 

have revealed that the multimember family of GPX sequences is most likely derived 

from an ancestral gene through duplication events and intron-exon shuffling (Ursini et 

al. 1995). 

 

GPx1 protects cells from cytotoxic peroxide-induced oxidative damage, lipid 

peroxidation, and protein degradation. Only soluble hydroperoxides like H2O2 and 

hydroperoxy fatty acids are reduced by GSH cytosolic and mitochondrial peroxidases. 

Hydroperoxide-induced apoptosis is inhibited by increased GPx1 activity. Most tissues 

contain GPx1 (Morales et al. 2012, Brigelius-flohé and Maiorino; 2013) 

In addition to the ubiquitous expression of the cytosolic GPX1 protein, it appears that 

the tissues of the male genital tract have evolved specific GPX coverage. Another 

intriguing feature is that we have only observed peculiar patterns of expression of the 

different GPX genes in the tissues of the male genital tract (Ekoue et al. 2017). 

3. GPx-1 regulation 

The redox status of thiol mammalian systems is substantially influenced by GSH (Lu; 

2013). Through the GPX activity, which oxidizes GSH to GSSG, and the action of 

NADPH-dependent glutathione reductase, which produces GSH, GSH acts as an 

antioxidant, removing free radicals and other ROS. Glutathione-S-transferase activity 

detoxifies xenobiotics and different metabolites, resulting in mercapturates and 

reactivated glucose-6-phosphate dehydrogenase. Besides, GPx isoforms catalyze the 

reduction of inorganic and organic hydroperoxides, to put it simply. During catalysis, 

glutathione functions as a reducing equivalent, inactivating free (Farhat et al.2018). 

 

Many GPX proteins are found in spermatozoa. Due to its isoform activities and patho-

physiological functions, GPx has the status of a redox system (GSH/GSSG) in the 



 

glutathione (GSH) system to prevent oxidative damage. As a result, the GPx is the first 

line of defense against free radicals in the body. In addition to the oxidation of proteins 

and deoxyribonucleic acid, its inadequacy generates oxidative stress, which causes 

inflammation, and metabolic abnormalities (DNA). The most effective biological 

antioxidant reducer is GPx. 

GPx1, a selenocysteine-dependent enzyme, has been the focus of many investigations 

on the metabolic control of GPx. Exogenous Se regulates human GPx1 enzymatic 

activity without changing GPx1 mRNA levels, suggesting that Se regulates the human 

GPx1 gene posttranscriptionally (Chada; 2015). Etoposide, a topoisomerase II inhibitor, 

apoptosis inducer, and p53 activator all stimulate GPx1 by positively regulating a 

promoter region upstream of the gene. The p53 signaling pathway to the antioxidant 

pathway involves the transactivation of GPx1 by p53 links. Furthermore, an 

investigation of p53-induced apoptosis in a human colon cancer cell line revealed that 

increased p53 expression was linked to increased GPx1 expression (Puzio-Kuter, 2011) 

Direct tissue damage and activation of age-related NF-B inflammatory pathways ensue 

from GPx deficiency (Erden-Inal and Sunal; 2002, Brigelius-flohé and Maiorino; 2013). 

 

4. GPx-1and male infertility 

GPXs are a group of enzymes that differ slightly in their characteristics. The traditional 

intracellular GPX-1 is widely expressed, and it has a direct association with sperm 

motility (Dandekar et al. 2002). Besides, GPXs have been of special interest in semen 

since classical experiments by Alvarez and colleagues demonstrated an increase in 

membrane damage after the addition of its specific inhibitor mercaptosuccinate (Alvarez 

et al. 1987). However, knockout mice lacking GPx1 have been found to be fertile (de 

Haan et al. 1998, Lavoie et al. 2011). 

Furthermore, since inhibiting GPX with mercaptosuccinate increases membrane 

damage, the GPx/GR system has been demonstrated to play a key role in maintaining 

membrane integrity in human sperm (Alvarez and Storey; 1989). 

 

V. Human Mitochondriale DNA 
1. Organization  



 

The human mitochondrial DNA (mtDNA) is a closed circular extranuclear genome of 

16,569 pb (Anderson et al. 1981). It is made up of two strands, one guanine-rich heavy 

(H) and the other cytosine-rich light (L). 13 genes encode important components of 

oxidative phosphorylation (OXPHOS), 22 genes encode tRNA genes, one for 12s and 

one for 16s tRNA genes required for mitochondrial protein synthesis, and 37 genes 

encode tRNA genes. The number of mitochondria and their genome content normally 

decreases during spermiogenesis to prevent the transmission of the paternal 

mitochondrial genome to the offspring. This genome is more susceptible to oxidative 

damage, and mutations are more prevalent than in the nuclear genome, further, the 

mitochondria are critical organelles not only for energy metabolism, but also for cell 

apoptosis regulation via the release of cytochrome C and other pro-apoptotic proteins 

(Thangaraj et al.2003). 

In contrast to nuclear genes, mtDNA lacks introns, and the entire coding sequence is 

continuous. The displacement loop (D-loop), a length of 1121bp that contains the H-

strand replication origin and promoters for L and H strand transcription, is the only non-

coding portion of mtDNA. Nuclear genes code for the remaining mitochondrial 

OXPHOS proteins, metabolic enzymes, DNA and RNA polymerases, ribosomal 

proteins, and mtDNA regulatory factors. The OXPHOS unit is a vital component of 

mitochondria, which is the primary generator of TP as well as ROS (John and al. 2000, 

Wallace et al. 2013) 



 

 

Fig 5: Organization of the human mitochondrial genome. 

Human mitochondrial DNA (mtDNA) is a circular double-stranded molecule and 

contains approximately 16,569 base pairs. The D-loop regulatory region is expanded 

and shown above. Protein coding and rRNA genes are interspersed with 22 tRNA genes 

(denoted by the single-letter amino acid code).The D-loop regulatory region contains 

the L- and H-strand promoters (PL and PH, respectively) along with the origin of H-

strand replication (OH).mtDNA transcription complexes containing mitochondrial RNA 

polymerase, Tfam, and TFB are depicted in the expanded D-loop along with the 

conserved sequence blocks (CSB I, II, and III).The origin of L-strand replication (OL) is 

displaced by approximately two-thirds of the genome within a cluster of five tRNA 

genes. Protein-coding genes include cytochrome oxidase (COX) subunits 1, 2, and 3; 

NADH dehydrogenase (ND) subunits 1, 2, 3, 4, 4L, 5, and 6; ATP synthase (ATPS) 

subunits 6 and 8; and cytochrome b (Cytb). ND6 and the eight tRNA genes encoded on 

the L-strand are in bold type and underlined; all other genes are encoded on the H-

strand (Amorim et al. 2019). 

Human mtDNA is compact (intronless) and devoid of histones or DNA-binding proteins 

(Spelbrink et al. 2000). It replicates rapidly without efficient proof-reading and DNA 

repair mechanisms (Yakes et al. 1997) This lack of an efficient repair system in 



 

mitochondria accelerates the rate of mitochondrial DNA mutation that thought to be 10–

100 times higher than in nuclear DNA. 

In fact, mitochondria are involved in a variety of processes; ATP generation, cell cycle 

arrest via the "intrinsic" death route, the creation of reactive oxygen species (ROS), 

intracellular calcium homeostasis, and the manufacturing of steroidal hormones are all 

examples. The genome, or mitochondrial DNA, of the mitochondrion is unique 

(mtDNA) (Spelbrink et al. 2000). Individual sperm maturation by meiotic division of 

spermatocytes occurs continually during mammalian spermatogenesis. However, 

whether mitochondrial respiratory activity is required for the meiotic process remains 

unknown (De Martino et al.1979). 

A mammalian spermatozoon includes between 22 and 75 mitochondria in the 

intermediate region of the flagellum, with the mitochondrial sheath creating a typical 

helical pattern. Besides, mitochondria perform an important role in the sperm cell, 

guaranteeing proper flagellar activity and sperm motility, both of which are required for 

fertilization. Male infertility can be caused by reduced sperm motility (Kao et al.1995, 

2004). 

Several mitochondrial proteins encoded by nuclear DNA regulate the number of copies 

of mtDNA, including polymerase gamma (POLG), the replicative helicase Twinkle, and 

mitochondrial transcription factor A. (TFAM).so mtDNA does not interact with 

histones, but instead with transcription factor A of the mitochondria (TFAM), which 

influences transcription and replication (Scarpulla, 2008) 

From the literature the transcription, replication, and structural organization of mtDNA 

are all regulated by TFAM. However, few researchers have looked at the relationship 

between the expression of TFAM, which is required for the synthesis of the primers 

required for mitochondrial genome replication, and the number of copies of sperm 

mtDNA(Campbell et al.2012). 

2. Mitochondrial transcription factor A  

TFAM is the mitochondrial transcription (previously is mtTF-1 and mtTFA) 

machinery's third most important component, TFAM attaches to mitochondrial 

promoters in a sequence-specific manner, forming a stable U-turn in DNA (Shi et al. 

2012, Ngo et al. 2011, Jimenez-Menendez et al. 2010). TFAM can bind, unwind, and 



 

bend DNA without sequence specificity, like other members of the high mobility group 

(HMG)-box domain family. In fact, TFAM coats the entire mtDNA molecule, 

generating a tight nucleoid structure (Falkenberg et al.2007, Farge et al. 2014, Kaufman 

et al. 2007). 

Biophysical research has also revealed critical new details on how the protein alters the 

structure of mtDNA. TFAM can slide over DNA and generate longer patches when it 

collides with other TFAM monomers, according to some research (Farge et al.2012). 

The TFAM protein is required to initiate and regulate mitochondrial DNA amplification 

and biogenesis, as well as to drive mitochondrial DNA transcription (Spelbrink et al. 

2000, Yakubovskaya et al.2006). 

 

Fig 6: The human sperm midpiece. 

Three-dimensional rendering of confocal microscopy images acquired with human 

sperm stained with an antibody against the mitochondrial protein TFAM, clearly 

showing the localization and organization of the sperm midpiece (green). DAPI was 

used as a DNA counterstain for the sperm nucleus (blue). (Amaral et al. 2013) 

3. TFAM regulation  

Consistent with this finding, human Lon (as a DNA Binding Protein) has been shown to 

be a protein component of mitochondrial nucleoids, which are large multiprotein 

complexes bound to mtDNA that support genomic stability, inheritance, and expression. 

Although the mtDNA binding by Lon in cultured cells has been established, the 

function of Lon at the mitochondrial genome remains unclear. Results show that Lon 

degrades transcription factor A of mitochondrial (mt-TFA, TFAM), thus Lon may be 



 

responsible for monitoring the quality control of proteins involved in mtDNA 

metabolism. However, it is also possible that Lon plays a role in regulating the function 

of mtDNA maintenance proteins (Matsushima et al. 2010, Jae Lee et al 2013) 

Besides, mitochondria participate in diverse processes ranging from spermatogenesis to 

fertilization to regulate male fertility (Yoo-Jin Park and Myung-Geol Pang; 2021). The 

mitochondrial RNA polymerase and transcription factor TFAM are responsible for 

maintenance of the mtDNA copy number in mammals and are regulated by the 

pathways involving PGC-1α, the mitochondrial transcription specificity factors TFB1M 

and TFB2M, and the nuclear respiratory factors NRF-1 and NRF-2 (Laura et al.2009, 

Zhai et al.2019). 

4. TFAM and oxidative stress in male infertility 

Mitochondria are vital components of spermatozoa that provide energy for movement. 

Indeed, mitochondria are found in the spermatozoa's mid-piece and provide ATP, which 

is mostly employed for flagellar motion. Several genes encoding proteins involved in 

oxidative phosphorylation and ATP synthesis can be found in mitochondrial DNA 

(mtDNA) (Bafaluy et al. 2003). Histones and DNA-binding proteins are absent from 

human mtDNA, which is compact (intronless). It reproduces quickly because it lacks 

effective proofreading and DNA repair mechanisms. In addition, excess of ROS in 

sperm causes oxidative stress, which impairs DNA demethylation in the paternal 

pronucleus and inhibits embryo development ( Shi et al. 2022) 

In infertile men, ROS and mitochondria have been linked to apoptosis, as excessive 

amounts of ROS damage the inner and outer mitochondrial membranes and can cause 

the release of cytochrome C from the mitochondria, Cytochrome C protein stimulates 

mitochondria. Caspases are activated, and apoptosis is induced oxidative stress levels 

have been found to be substantially greater (Wang et al 2014). In addition, mutations, 

deletions, and changes in the copy number are all changes that influence mtDNA. 

Infertility is caused by mutations and deletions in the mitochondrial genome, which 

decrease sperm motility and/or concentration (Folgero et al. 1993) 

In 2007, Amaral show that the low-quality sperm have the lower levels of TFAM 

(Amaral et al. 2007). The high sperm mitochondrial DNA copy number (mtDNA-CN) 

could be due to aberrant expression of genes that govern mtDNA transcription and 

replication, such as mitochondrial transcription factor A (TFAM). Because TFAM 

https://www.sciencedirect.com/science/article/pii/B9780123822192007821#!


 

expression is inversely correlated with sperm motility and favorably correlated with 

mtDNA-CN, Faja et al.2019 show the dysregulation of TFAM expression is 

accompanied by a qualitative impairment of spermatogenesis (Faja et al.2019). 

However, just a few researchers have investigated the sperm mtDNA copy number. 

Some researchers showed it to be higher in samples with impaired motility, 

concentration, or sperm morphology (Bonanno et al. 2016), whereas Kao et al. were the 

only ones to detect a lower mean copy number in asthenozoospermic samples than in 

normozoospermia samples (Kao et al. 2004). 

In 2022, Shi show in his study that the increased sperm mitochondrial DNA copy 

number and DNA fragmentation index (DFI) contributed to poor seminal quality, 

although sperm mtDNA-CN, ROS, and DFI were not linked to assisted reproductive 

technology (ART) clinical outcomes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

MATERIAL AND METHODS 

 

1. Study population and semen analysis 

 

We selected 35 patients attending the Andrological Clinic of the Endocrinology Clinic - 

Department of Clinical and Molecular Sciences - University Hospital of Ancona. The 

exclusion criteria were the use of any medications (antibiotics, anabolic hormones) and/ 

or the presence of any medical conditions associated with impaired semen parameters 

(endocrine diseases, urogenital tract infections, varicocele, cryptorchidism, testicular or 

other cancer, previous chemotherapy and/or radiotherapy). Semen samples with 

leukocytospermia and/or increased viscosity were also excluded from this study. 

Written informed consent was obtained from all study participants. The semen 

examination was carried out in accordance with WHO 2010. The samples were obtained 

by masturbation after 3–5 days’ abstinence. The following variables were taken into 

consideration: ejaculate volume (mL), pH, sperm concentration (N × 106 /mL), total 

sperm number (N × 106 /ejaculate), progressive motility (%) and morphology (% 

abnormal forms). A sperm viability test was carried out to differentiate cell death from 

immobility by staining with eosin Y 0.5% in saline solution.  

Semen samples were divided into 3 groups according to their progressive motility and 

percentage of normal form as follow:  

▪ control group (CTRL, n=15): progressive motility > 32%, normal form > 4%). 

▪ asthenozoospermia group (AS, n=13): progressive motility < 32%. 

▪ asthenoteratozoospermia group (AST, n=7): progressive motility < 32%, normal 

form < 4%). 

 

2. RNA Extraction 

 

Semen samples were diluted with PBS to around 10 × 106 sperm/mL and underwent 

osmotic shock to eliminate the no gamete cell component. Aliquots of 1 ml of the 

diluted samples were centrifuged at 1600 g 10 min, and the pellets were incubated with 

1 ml of cell lysis buffer (0.1% SDS, 0.5% Triton X-100 in distilled H2O) for 60 min on 

ice. After incubation, the absence of any round cells was confirmed under the optical 

microscope. 



 

 Total RNA was extracted from ~10 × 106 sperm with TRIZOL Reagent (Invitrogen, 

Carlsbad, CA, USA) with small modification. Briefly, we resuspended the pellet in 250 

µL of PBS without Ca2+/Mg2+, we added 750 µL of trizol, and we used a 26-gauge 

syringe for mechanical lysis. We incubate the mixture for 10 min at 37°C, then we 

added 200 µL of chloroform and proceeded according to the manufacturer's instructions 

RNA concentration and purity were quantified using NanoDrop ND-2000 (Thermo 

Fisher Scientific, Waltham, MA, USA). The RNA was stored at −80 °C until use. 

 

3. Quantitative RT-PCR and Analysis of the expression of TFAM and 

GPX 

cDNA was synthesized from 50 ng of total RNA using the All-In-One 5X RT 

MasterMix (ABM, Richmond, BC, Canada). The reaction, with a final volume of 20µL, 

was incubated in “MASTER cycle realplex ep gradient” at 37°C for 15 min, 60°C for 

10 min and 95°C for 3 min. 

Quantitative real-time PCR was carried out using Step One Real-Time PCR System 

(Applied Biosystems), with the primers and fluorescent probes specific for PRM1, 

PRM2, TNP1 and TNP2 and with GAPDH as the endogenous control. Data were 

analyzed by ΔCt method. 

Quantitative real-time PCR was performed using Master Cycle (Eppendorf, Hamburg, 

Germany) with FastStart SYBR Green Master (Roche, Basel, Switzerland), according 

to the manufacturer's instructions with the following PCR condition: denaturation of 

95°C for 10 min followed by 40 denaturation cycles of 95°C for 15 sec and 60°C for 1 

min. A melting stage (72°C for 60 sec) was added at the end of the amplification 

procedure. There was no non-specific amplification as determined by the melting 

curve. 

Each sample of template cDNA was amplified at the same time in three separate PCRs 

for the three genes. The primer sequences were as follow:  

▪ GAPDH_F:5’-AGCCACATCGCTCAGACAC-3’ 

GAPDH_R: 5’-GCCCAATACGACCAAATCC-3’ 

▪ TFAM_F: 5’-GGCAAGTTGTCCAAAGAAACC-3’ 

TFAM_R:5’-GCATCTGGGTTCTGAGCTTTA-3’ 

▪ GPx-1_F:5’-GTGCTCGGCTTCCCGTGCAAC-3’ 

GPx-1_R-CTCGAAGAGCATGAAGTTGGGC 



 

Each sample was loaded in triplicate onto the reaction plate, fluorescence data were 

converted to cycle threshold (Ct) by Expression Suite v1.0.4 (master cycle ep Replex) 

and the mean Ct value was considered for each gene. The reference gene GAPDH was 

used for normalization. The mRNA expression levels were analyzed with the 2-ΔCt 

method. The values of the relative expression of genes of interest are given as 

mean ± SD, over three independent experiments. 

4. Statistical analysis  

 

Continuous variables are presented as mean, SD and median. The comparison between 

groups was carried out by T-test or Mann-Whitney test for independent samples and 

one-way ANOVA or Kruskal-Wallis’s test, depending on the shape of distribution and 

the number of groups evaluated. For dependent samples, the ANOVA test for repeated 

measurements and the Friedman test were used, depending on the normal distribution. 

A two-tailed p value < 0.05 was considered as statistically significant. Statistical 

analysis was performed using SPSS 23 (SPSS Inc., Chicago, IL, USA). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

RESULTS 

❖ Semen characteristics  

Thirty-five people made up the study population, of whom 13 had asthenozoospermia, 

seven had asthenoteratozoospermia, and fifteen had normozoospermia. Semen analysis 

was done on everyone. 

Table 3 presents the means, standard deviations, and medians for the age and semen 

parameters of everyone. 

The average age of infertile patients did not differ significantly from the control groups. 

Progressive motilities were reduced between AS and AST vs CTRL (17.3 ±7.5% and 

13.6 ± 3.7% vs 40.0 ± 9.4%, respectively; p<0.001) as well as total motility (27.6 ± 

11.1% and 19.3 ± 6.7% vs 51.3 ± 7.2%, respectively; p<0.001). The percentage of the 

spermatozoa with abnormal forms was higher in AS and AST than in controls (92.0 ± 

2.4% and 96.7 ± 0.5% vs 81.3 ± 4.4%, respectively; p<0.001). Lastly, the percentage of 

viability was significantly increased for asthenozoospermia and 

asthenoteratozoospermia groups compared to controls (31.8 ± 13.1% and 38.8 ± 18.7% 

vs 63.3 ± 14.9%, respectively; p<0.001). 

 

❖ Comparisons of TFAM and GPX1 expression and their relationships 

to semen characteristics 

Asthenozoospermia and asthenoteratozoospermia were compared to controls in terms of 

the spermatozoa's mitochondrial transcription factor, A (TFAM), and glutathione 

peroxidase (GPx-1) gene mRNA levels. 

We found that TFAM gene expression was elevated and statistically significant in the 

asthenoteratozoospermia group (fold expression=1.30, p=0.05) and it was considerably 

downregulated in the asthenozoospermia group compared to controls (fold 

expression=1.86, p=0.05). Figure 7 

We discovered a statistically significant downregulation of the TFAM gene in the 

asthenozoospermic compared to asthenoteratozoospermic groups (fold expression = 

2.40, p = 0.011).  



 

In addition, there were no apparent variations in GPx-1 gene expression across the three 

groups, and in both asthenoteratozoospermic and asthenozoospermic groups showed a 

downregulation and lower expression relative to control. 

The analysis revealed, for the control group , a statistically significant positive 

correlations were found between semen sperm parameter; total sperm concentration 

(106/ejaculated), total sperm Motility, and viability (respectively, r=0.561, p=0.03, 

r=0.641, p=0.01), and between progressive motility, total motility , and viability 

(respectively; r=0.894, p=0.001, r=0.722, p=0.002), also a strong significant positive 

correlation between total motility, progressive motility, and, viability (respectively ; 

r=0.894, p=0.0001, r=0.835, p=0.001), and a significant positive correlation between 

TFAM gene expression and GPx-1 gene expression (r=0.639, p=0.01). However, we 

found a significant negative correlation between total sperm concentration 

(106/ejaculated) and abnormal form (AF) (r=-0.774, p=0.01), leucocyte concentration 

and viability (r=-0.612, p=0.01), and between progressive motility and abnormal form 

(AF) (r=-0.666, p=0.007), and total motility and abnormal form (AF) (r=-0.599, 

p=0.01). 

On the other hand, for the asthenozoospermic (AS) group, a statistically significant 

positive correlation were found in semen sperm parameter; firstly, between progressive 

motility and total motility and viability (respectively; r=0.894, p=0.001, r=0.814, 

p=0.001), secondly between leucocyte sperm concentration, progressive motility, total 

motility and viability (respectively; r=0.576, p=0.003, r=0.735, p=0.004, r=0.671, 

p=0.001), thirdly, a significant positive correlation between total sperm motility and 

viability( r=0.800, p=0.001). 

Furthermore, for the asthenoteratozoospermic (AST) group, no statistically significant 

correlation was found in semen sperm parameter, but we found a strong positive 

correlation between TFAM and GPx-1 gene expression (r=0.947, p=0.001) Figure 8 
 

 

 

 

 

 

 



 

Table 3: Mean. SD and median (in brackets) for age and semen parameters of 

normozoospermic (CTRL). asthenozoospermia (AS) and asthenoteratozoospermia (AST)  

 

 
 

 

p-value1: CRTL vs AS; p-value2: CRTL vs AST; p-value3: AS vs AST; p-value4: comparison between 3 

groups 

ns: p-value not significant.  

*Significant difference p ≤ 0.05; ** Significant difference p ≤ 0.001 
  

 Age 
(Years) 

BMI 
(kg/m2) 

Volume 
(ml) 

PH Total sperm 
number 

(x106/ejaculate) 

Leucocyte 
(×106/ ml) 

Progressive 
Motility 

(%) 

Total 
Motility 

(%) 

Viability 
( %) 

Abnormal Form 
(%) 

          

CRTL 
(n=15) 

36.9±8.1 
(37) 

26.28±3.82 
(26.37) 

3.4±1.4 
(3.10) 

7.5±0.1 
(7.50) 

365.1±359.5 
(279.5) 

0.5±0.2 
(0.50) 

40.0 ±9.4 
(40) 

51.3±7.2 
(50) 

63.3±14.9 
(64) 

81.3±4.4 
(82) 

          

AS 
(n=13) 

36.9±8.4 
(36) 

23.52±2.92 
(23.63) 

3.90±1.9 
(3.60) 

7.5±0.1 
(7.50) 

335.1 ±288.3 
(235.6) 

0.5±0.4 
(0.30) 

17.3±7.5 
(15) 

27.6±11.1 
(25) 

31.8±13.1 
(29) 

92.0±2.4 
(72) 

    
 

      

AST 
(n=7) 

34.6±9.7 
(40) 

25.40±3.32 
(24.84) 

4.12±2.4 
(3.10) 

7.5±0.1 
(7.60) 

261.1±156.0 
(235.2) 

0.7±0.4 
(0.80) 

13.6±3.7 
(15) 

19.3±6.7 
(20) 

38.8±18.7 
(32) 

96.7±0.5 
(97) 

          

p-
value1 

Ns ns ns Ns Ns Ns ns 0.05 Ns 0.04           

p-
value2 

Ns ns ns Ns Ns Ns ns 0.05 Ns 0.04           

p-
value3 

Ns ns ns Ns Ns Ns <0.001 <0.001 <0.001 <0.001           

p-
value4 

Ns ns ns Ns Ns Ns <0.0001 <0.001 <0.001 <0.001           



 

Figure 7. Relative expression of mRNA TFAM (A) and GPx (B) in ASTENO and 
ASTHENOTERATO patients vs. CTRL subjects, assuming normozoospermic (CTRL) = 1 

 

 

 
 



 

Figure 8: histograms of expression genes TFAM and GPx-1 correlation in the 3 studied 
groups, respectively controls(A), Asthenozoospermia(B), Asthenoteratozoospermia(C). 
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DISCUSSION 

The term "normal spermogram," based on statistical data from various studies of fertile 

men, only provides relative information; each parameter, when it is below the threshold 

of normality, constitutes an index for characterizing the pathology and his severity. 

Sperm is only fertilizing if it produces an embryo (Barriere et al. 1989). 

First, we investigated roughly 35 Italian patients whose sperm count is larger than 15 

million spermatozoa/ml for the first time whose mobility and/or morphology are 

aberrant, or the two parameters are altered, or whose morphology is normal, but their 

motility is abnormal. 

The percentage of progressive mobility and total spermatozoa motility, as well as for 

vitality and the percentage of abnormal forms, were significantly different between 

asthenozoopsermia (AS) and astheno-teratozoospermia (AST) in the global ANOVA 

statistical study and other statistical tests of the sperm parameters. Age, seminal volume, 

sperm number, leucocyte number, and BMI did not significantly differ between groups, 

though. 

It then becomes a matter of researching any potential link. 

• Infertility patients' sperm parameters. 

• Sperm parameter, mitochondrial gene expression; TFAM gene expression 

• Sperm oxidative profile and sperm parameters; GPx-1gene expression. 

The significance of sperm morphology in understanding male infertility is demonstrated 

by our results, which reveal a relationship between morphology and other sperm 

characteristics including motility and vitality. The preliminary findings of this 

investigation support the notion that sperm motility, morphology, and account may all 

be used to help diagnose disease (Guzick et al. 2001). Sperm morphology appears to be 

a more significant factor in male infertility than sperm count. The morphological 

polymorphism of spermatozoa is so extensive in man that he is essentially the only 

creature having it (Buffone et al. 2004, Chocat et al. 2001). Most experts now concur 

that the spermatozoa's morphology and mobility are the most aggravating factors that 

might affect male infertility (Marmor et al. 1990). 



 

Age has no bearing on any of the sperm parameters in our study. Additionally, BMI did 

not exhibit any link with the sperm parameter, and this result is consistent with Puri et 

al. 2020 (Puri and al. 2020). 

In humans, there is a huge range in the nuclear maturity of the sperm population, 

making it extremely diverse. The compaction of the DNA in the spermatozoa's nucleus 

is the first characteristic that distinguishes teratozoopsermia from normal sperm, 

according to research. This nuclear alteration may be the result of a defect in the 

decondensation of DNA during fertilization, leading to degeneration or poor 

development of the embryo. (Irvine et al. 2001). Nitric oxide (NO) content in the 

seminal fluid has been theorized to be the cause of the decreased sperm motility, 

concentration, and deformity (Mehraban et al. 2005, Romeo et al. 2003). In fact, the 

effect of NO on sperm will result in a decrease in the amount of ATP in the cells by 

inhibiting the enzyme ATP synthase, which is responsible for the loss of energy and, as 

a result, a change in motility (Kisa et al. 2004). The reactive oxygen species (ROS) 

molecules, which also include ions and hydrogen peroxide, include NO. ROS and DNA 

degradation are more likely to affect sperm with poor chromatin condensation 

(Pasqualotto et al. 2001). Moreover, the lack of repair enzymes results in the absence of 

repair mechanisms in spermatozoa. In contrast to normal sperm, alterated sperm is 

therefore thought to be a major source of free radicals like ROS and DNA denaturation 

(Kalthur et al. 2008, Ruiz-Pesini et al. 2000). 

Previous studies have shown that ejaculated sperm from patients with a high level of 

morphologically abnormal spermatozoa and poor motility exhibits evidence of DNA 

damage, disturbed meiotic segregation, and oxidative stress induction characterized by 

impaired seminal antioxidant status and a high level of seminal lipid peroxidation 

(Brahem et al. 2011, Ammar et al. 2018, Aitken et al. 2020). Hence, decreased GPX 

levels in the seminal plasma may lead to excessive amounts of hydrogen peroxide and 

oxidative stress. What's more noteworthy is that hydrogen peroxide has been found to 

be the major ROS responsible for the motility impairment (Baumber et al. 2000, Atig et 

al. 2017). Crisol et al. also discovered decreased GPX activity in samples with severe 

asthenozoospermia, oligozoospermia, and teratozoospermia in comparison to normal 

(Crisol et al. 2012). Additionally, it has been noted that sperm with significantly worse 

sperm morphology had lower GSH levels inside their cells (Garrido et al. 2004) On the 

other side, Macanovic and associates discovered a negative correlation between GPX 



 

activity and sperm morphology and motility. In addition, the evaluation of complete 

GPX rather than simply the most crucial isoform 1 alone (Macanovic et al. 2015). 

Our research revealed that the GPX1 gene is downregulated on AS and AST compared 

to controls, but this finding is not statistically significant. These findings are in line with 

those reported by Garrido et al. in 2004, who also discovered no statistically significant 

difference. However, our results showed that GPX1 gene expression were lower in the 

seminal fluid of fertile individuals compared to infertile men and its levels were not 

significantly associated with sperm parameters, particularly motility and morphology. 

This result agrees with Garrido et al. (Garrido et al. in 2004). Alvarez et al. (1987; 1989) 

show that the rapid loss of motility in human spermatozoa, brought about by 

inactivation of spermatozoa. 

The functioning of cells depends heavily on mitochondria, which are intracellular 

organelles. They perform a wide range of biological functions, including the synthesis 

of steroid hormones, ion homeostasis, apoptosis, and reactive oxygen signaling, in 

addition to producing energy. These organelles assist the sperm function and travel 

during the energy- and time-consuming process of spermatogenesis by forming tight 

helices at the sperm's core (Markaki, et al. 2020, Rosati et al. 2020, Valenti et al. 2021). 

Additionally, mtDNA is more vulnerable to oxidative stress (OS) than nuclear DNA 

because it is not compactly packed like nuclear DNA (Kumar et al. 2009). To perform 

their physiological duties, human spermatozoa produce ROS at low levels. 

However, OS, which is marked by mitochondrial and nuclear DNA damage, could 

develop if the creation of these reactive free radicals overwhelms the antioxidant 

defense system (Venkatesh et al. 2009). Numerous research supports the association 

between male infertility and spermatozoa with mitochondrial abnormalities (Ankel-

Simons et al. 1996, Hirata et al. 2002). 

Sperm mitochondrial loss is a sign of both damaged and intact mtDNA. Sperm 

mitochondrial DNA deletions are more common in men with poor semen parameters 

than in men who are normozoospermic (Ieremiadou & Rodakis; 2009, Song & Lewis, 

2008). While multiple mtDNA deletions are present in both testicular and ejaculated 

spermatozoa from fertile and infertile men, Kao proposed that mtDNA content may be 

an important indicator of sperm quality in 2004. Large-scale deletions of mtDNA were 

identified as risk factors for poor sperm quality in asthenoteratozoospermia-induced 



 

male infertility (Kao et al. 2004, Gholinezhad et al. 2018). According to Song and 

Lewis, the spermatozoa had a considerable increase in mtDNA copy number and a loss 

in mtDNA integrity. Therefore, increased sperm mtDNAcn found in infertile males may 

be caused by abnormal DNA methylation, TFAM and POLG gene expression, or both. 

As an alternative, oxidative stress has been connected to sperm mtDNAcn and 

mtDNAdel as well as sperm characteristics (Abasalt et al. 2013; Bonanno et al., 2016, 

Agarwal et al., 2014; Aitken et al., 2014, Durairajanayagam et al 2021). 

Uncertain biological links exist between mtDNA measurements, semen characteristics, 

and infertility. In our work, we evaluated Mitochondrial Transcription Factor A 

(TFAM) on the same patients concurrently with the investigation of the sperm 

characteristics, and as a result, we tracked the expression differences between groups. 

Mitochondrial Transcription Factor A (TFAM), which is expressed up until the late 

spermatocyte and early spermatid stage, oversees maintaining the integrity and 

transcriptional regulation of mitochondrial DNA (mtDNA) within the mitochondrial 

nucleoid. In the human testis, TFAM mRNA is not differently spliced, but its 

expression is downregulated (Larsson et al. 1997b). Additionally, TFAM reduction 

resulted in a 30% reduction in COX-1 expression, which killed embryos (Ekstrand et al. 

2004). The cytochrome c oxidase has three subunits, three of which are encoded by the 

mitochondrial genome (Tsukihara et al. 1995). 

The question is what molecular mechanisms and pathways can be involved to explain 

this absence of fertilization and to better understand the biological phenomenon 

involved in the spermatozoa of the astenoteratozoospermic and asthenozoospermic men 

we analysis the expression TFAM gene. 

Since TFAM promotes the creation of the primer needed for mtDNA replication, it is 

believed that TFAM regulates the quantity of mtDNA copies (Ekstrand et al. 2004). To 

that end, multiple investigations demonstrate a potent relationship between mtDNA and 

TFAM levels (Poulton et al. 1994; Davis et al. 1996; Larsson et al. 1994; Seidel-Rogol 

and Shadel; 2002). In human testicular sperm, TFAM is only down-regulated (Larsson 

et al. 1997), which most likely corresponds with the existence of fewer copies of 

mtDNA. According to Amaral et al., superior sperm samples with lower mtDNA 

concentrations have more TFAM, which is the opposite of what occurs in other cell 

types (Zhao et al. 2006). Faja et al. found no statistically significant correlations 



 

between the mtDNA copy number and semen parameters, a statistically significant 

negative correlation between the TFAM gene expression and the number of motile 

sperm per ejaculate, and a statistically significant positive correlation between the 

TFAM expression and the percentage of abnormal forms; however, we did not find any 

correlation in our results. According to the findings of our investigation, which are 

consistent with previous research, TFAM expression is significantly downregulated in 

the AST group. 

Because it carries the paternal mitochondrial genome, TFAM protein is expected to be 

present in the mitochondrial sheath (Sutovsky and Schatten; 2000). Only being present 

in this non-mitochondrial region suggests that TFAM may be involved in infertility in 

another way. Contrarily, in our study, we did not find any correlation between TFAM 

and sperm parameter in infertile patient's vs control groups. Instead, previous studies 

demonstrated that the integrity and copy number of mtDNA were significantly 

correlated with sperm count (Cao et al. 2006, Escalier; 2006, and Kim et al. 2007). 

Moreover, Low-quality sperm have lower levels of TFAM. Higher sperm mtDNAcn in 

infertile men may reflect abnormalities during spermatogenesis such as aberrant gene 

expression of TFAM and POLG, which are known regulators of mtDNAc (Amaral et al. 

2007). 

These results are discrepant with those reported by Wu et al. who found that both sperm 

mtDNAcn and mtDNAdel were associated with lower sperm concentration, count, 

motility, and morphology. Additionally, we did not find a correlation between TFAM 

gene expression and the percentage of abnormal form, the percentage of progressive, or 

the percentage of total motility (Wu et al. 2019). MtDNA copy number is raised 

because of TFAM overexpression, but mitochondrial mass and respiratory chain 

capacity are not enhanced (Ekstrand et al., 2004). 

The major finding in our study was the discovery of a positive correlation between 

TFAM and GPX expression; however, we did not find a significant difference in the 

expression of the other sperm parameters or genes. This is due, in part, to the small 

sample size, the heterogeneity of the patient population, and the inclusion of patients 

who were normozoospermic but sought fertility treatment using reproductive 

technology. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6339832/#R5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6339832/#R5


 

We need to expand our study population in the future and try to corroborate our findings 

with isolate population. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Conclusion 

Our findings support the notion that oxidative stress and the mitochondria play a 

significant role in asthenozoospermia and asthenoteratozoospermia. Increased 

mitochondrial genome content may be able to make up for functional deficits caused by 

various etiologies. The TFAM gene expression and GPx-1 gene correlation, however, 

could be a sign of high-quality sperm and a sign of spermatogenetic dysfunction in 

infertile individuals because of their tight association with sperm motility and aberrant 

forms. These factors should be carefully considered, especially considering assisted 

reproductive technologies. The further examination of the molecular pathways in male 

infertility, particularly astenozoospermia and teratozoospermia, will be made possible 

by the future study of TFAM and the other major regulator of oxidative stress. 

 

 

In Prospective. 

Given the importance of these results, it would be interesting to continue the research, 

taking into consideration the following recommendations.  

❖ To better understand the pathophysiology of sperm abnormalities, its 

necessary to study the structural and molecular modification of different 

components of spermatogenesis. 

❖ Knowledge of the genetic causes and the discovery of new genes and 

new pathway involved in male infertility are essential for better 

understanding of the complex physiopathology of infertility such as 

Interleukin 8. 
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