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ABSTRACT

THE EFFECT OF IL-8 AND IGF-1 LEVELS ON DNA
FRAGMENTATION IN SEMEN AND THE STANDARD SPERM
PARAMETERS

Mohammed Noaman Hamid HAMID
Master of Science in Biology
Advisor: Prof. Dr. Ozcan OZKAN
Co-Advisor: Asst. Prof. Dr. Mohammed A. JASIM
July 2023

Since many studies have demonstrated that there is an influence on several elements of
DNA fragmentation in sperm, we will discuss the effects of interleukin 8 and IGF-1 in
this study. This study was conducted at Kamal Al-Samarrai Hospital in Baghdad, where
120 random samples were selected from patients to reveal the type of infertility and the
reasons that were medically approved in this field. The fundamental principle of the test
was carried out using a commonly available kit and the quantitative sandwich enzyme
immunoassay method. The kit we are employing is based on the Enzyme-Linked
Immunosorbent Assay (ELISA), a technology based on a biotin double antibody
sandwich. The wells had previously been pre-coated with an IL-8 monoclonal antibody.
After adding IL-8 to the wells, the plates were incubated. Next, biotin-tagged IL-8
antibodies were added so they could combine with streptavidin-HPR to form an
immunological complex. The plates were then washed to remove any unbound enzymes.
This was done to make sure that there were no unattached enzymes. As a result, the
objective of this research was to investigate the viability of employing the insulin-like
growth factor I (IGF-1) complex in order to improve the quality of sperm that had

previously been incubated.

2023, 83 pages
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OZET

IL-8 VE IGF-1 DUZEYLERININ SEMENDEKI DNA
FRAGMENTASYONU VE STANDART SPERM PARAMETRELERI
UZERINDEKI ETKISI

Mohammed Noaman Hamid HAMID
Biyoloji, Yiiksek Lisans
Tez Danismani: Prof. Dr. Ozcan OZKAN
Es Danisman: Dr. Ogr. Uyesi Mohammed A. JASIM
Temmuz 2023

Birgok c¢aligma spermdeki DNA parcalanmasinin ¢esitli unsurlart {izerinde bir etki
oldugunu gosterdigi i¢in, bu ¢alismada interlokin 8 ve IGF-1'in etkilerini tartisacagiz. Bu
calisma, Bagdat'taki Kamal Al-Samarrai Hastanesi'nde, infertilite tiiriinii ortaya ¢ikarmak
ve bu alanda tibbi olarak onaylanmis nedenleri tespit etmek igin hastalardan rastgele 120
ornek secilerek gerceklestirilmistir. Testin temel prensibi, yaygin olarak bulunan bir kit
ve kantitatif sandvi¢ enzim immunoassay yontemi kullanilarak gergeklestirilmistir.
Kullanmakta oldugumuz kit, bir biyotin ¢ift antikor sandvigine dayali bir teknoloji olan
Enzim Baglantili Immiinosorbent Testine (ELISA) dayanmaktadir. Kuyucuklar énceden
bir IL-8 monoklonal antikoru ile 6nceden kaplanmistir. Kuyucuklara IL-8 eklendikten
sonra plakalar inkiibe edilmistir. Daha sonra, bir immiinolojik kompleks olusturmak iizere
streptavidin-HPR ile birlesebilmeleri i¢in biyotin etiketli IL-8 antikorlari eklenmis,
plakalar daha sonra herhangi bir baglanmamis enzimi ¢ikarmak i¢in yikanmistir. Bu
islem, baglanmamis enzim olmadigindan emin olmak i¢in yapilmistir. Sonug olarak, bu
arastirmanin amaci, daha once inkiibe edilmis sperm kalitesini artirmak i¢in insiilin
benzeri biiyiime faktorii I (IGF-1) kompleksi kullanmanin uygulanabilirligini arastirmak

olmustur.

2023, 83 sayfa

Anahtar Kelimeler: Fragmentasyon, IL-8, IGF-1, Sperm
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1. INTRODUCTION

1.1 Interleukin 8

Macrophages, as well as other types of cells like epithelial cells, smooth muscle cells in
the airways, and endothelial cells, produce IL-8, a type of chemokine. It is also known as
chemokine (C-X-C motif) ligand 8 (CXCLB8). Other names for IL-8 include CXCL8 and
chemokine (C-X-C motif) ligand 8 (Murphy 2019). Endothelial cells store their IL-8
reserves in structures called Weibel-Palade bodies, which are vesicles used for storage
(El-Mansi and Nightingale 2021). The CXCLS8 gene in humans is responsible for the
production of the protein known as IL-8. IL-8 begins its life as a precursor peptide made
up of 99 amino acids. This peptide is cleaved in order to produce a variety of active
isoforms of IL-8, each of which has a specific function (Pan et al. 2020). The most
common form that is secreted by macrophages when they are grown in culture is a peptide
that contains 72 amino acids (Garcia-Burgos et al. 2020).

The forms of IL-8 receptors on the surface membrane that are known as G protein-
coupled serpentine receptors CXCR1 and CXCR2, respectively, are the ones that receive
the most attention (Avazi et al. 2019). The expression of the two receptors as well as their
affinity for IL-8 are distinct from one another (CXCRL1 has a higher affinity than CXCR2).
IL-8 is an important immune response mediator that is created as a byproduct of a series
of metabolic events and is then secreted into the body. This process takes place during

the innate immune system response (Zha et al. 2020).

IL-8, which is also known as the neutrophil chemotactic factor, serves two purposes.
These functions are as follows (Czepiel et al. 2018). It does this by stimulating a process
called chemotaxis, which causes the target cells, most of which are neutrophils but also
other granulocytes, to move closer to the site of the infection. Once they arrive at their
destination, IL-8 is in charge of stimulating phagocytosis. In addition, it is common
knowledge that interleukin-8 acts as a powerful stimulator of angiogenesis. Ca®" levels

inside the cell rise, and the process of exocytosis (such as histamine release) begins



(Gonzalez-Aparicio and Alfaro 2020). Among other physiological reactions, the
respiratory burst is one of the physiological effects that IL-8 has on target cells. Both
migration and phagocytosis need these responses to work properly, and both of these

processes need IL-8 (Hafez et al. 2021).

CR? naive T cells, which are sometimes referred to as "recent thymic emigrants," are the
cells responsible for the production of the signature chemokine known as IL-8. Any cell
involved in the innate immune response that possesses toll-like receptors has the potential
to release this chemokine (Olmos-Ortiz et al. 2019). In the majority of instances,
macrophages are the first cells to recognize the presence of an antigen. As a consequence
of this, macrophages are also the first cells to produce IL-8 in order to recruit other cells.
It has been proven that IL-8, in both its monomer and homodimer forms, is an effective
inducer of the chemokine receptors CXCR1 and CXCR2. This was done by studying the
interaction between the two forms of IL-8. Even though methylating the Leu25 residue
can stop the homodimer from working, this change can actually make the homodimer
more powerful. There is a widespread belief that IL-8 has a role in the development of
bronchiolitis, a condition of the respiratory tract that is typically brought on by a viral
infection (Bohmwald et al. 2019).

IL-8 is a member of the CXC chemokine family, which also includes other chemokines.
This gene, along with the genes that code for the other eleven members of the CXC
chemokine family, is located in a cluster on chromosome 4q. This cluster also contains

the CXC chemokine gene cluster.

1.2 CXCL-8 Mediated Chemotaxis of the Neutrophil

Chemotaxis refers to the movement of neutrophils toward the site of an injury or infection.
CXCLS8 is the primary cytokine that is involved in this process. In order for neutrophil
chemotaxis to be successful, several factors need to be present. These factors include an
increased expression of high-affinity adhesion molecules, which are responsible for
securing the neutrophil to the endothelium close to the affected site (and preventing it

from being washed away into the circulatory system). Additionally, the neutrophil needs



to be able to digest its way through the basement membrane and the extracellular matrix
(ECM) to reach the affected site. Inducing the necessary cell signaling to bring about
these changes is dependent on CXCLS8, which plays a crucial role in this process
(Bohmwald et al. 2019).

To begin, the release of histamine at the site of infection causes vasodilation of the
capillaries near the injured area (Abazari et al. 2022). This slows blood flow in the region
and encourages leukocytes, such as neutrophils, to migrate closer to the endothelium and
away from the center of the lumen, which is where blood flow is at its quickest. When
this takes place, there is a formation of tepid interactions between the selections that are
expressed on neutrophils and endothelial cells (whose expression is also increased
through the action of CXCL8 and other cytokines). Seins of the type L are located on
neutrophils, whereas seins of the types P and E are located on endothelial cells. As a direct

consequence of this, chemotaxis moves into the "rolling" phase (Zaferani et al. 2021).

When a neutrophil moves along the endothelium, it comes into contact with a CXCL8
molecule that is expressed on the surface (Buffone et al. 2019). This interaction stimulates
the cell signaling pathway by way of a G-coupled protein receptor. When CXCL8 binds
to CXCR1/2 on neutrophils, it stimulates the expression of an integrin called LFA-1. This
integrin helps ICAM-1 receptors on the endothelium form high-affinity bonds. LFA-1
expression and affinity are significantly increased so that the amount of binding can be
maximized (Persson et al. 2019). Because of this, the neutrophil's rate of movement is
slowed even further, and eventually it comes to a complete stop. Another significant
function that CXCL8 stimulation of cell signaling triggers is the start of the oxidative
burst. This process allows proteolytic enzymes and reactive oxygen species (ROS) to
build up. Both are needed for the breakdown of the extracellular matrix (ECM) and the
basement membrane (Grosche et al. 2018). Secretory granules are responsible for the
release of these as well as additional integrins. The release of reactive oxygen species
(ROS) and enzymes that are damaging to the host is controlled to reduce the amount of
damage done to the host; however, ROS and damaging enzymes still make it to the site

of infection to carry out their effector functions (Maldonado et al. 2020).



1.3 The Effect of Interleukin 8 on DNA

Striking a balance between cell creation and cell death is crucial to keeping the body's
cell count within ranges that are deemed physiologically normal (Kent et al. 2020). An
increase in the number of hematopoietic effector cells is one of the distinguishing
characteristics of inflammatory disorders. The accumulation of cells may have been
brought on by either an increase in the rate of cell production or a reduction in the rate of
cell death (Tang et al. 2021). Apoptosis, which is characterized by a series of distinct
morphological changes in the dying cell, is the most common type of physiologic cell
death. These changes take place in the dying cell. In inflammation, it is generally accepted
that there is an increase in the production of new cells; however, the significance of a

decreased rate of apoptosis is not yet fully understood (Sledzinski et al. 2018).

It is unknown how survival and death factors affect apoptosis in vivo, despite the fact that
these factors can modulate apoptosis in neutrophils in vitro. In addition, the intracellular
mechanisms that these factors utilize in order to regulate apoptosis in neutrophils are still
a mystery (Zhang et al. 2021). Although it is evident that neutrophils express members
of the Bcl-2 and caspase families, the functional role that these families may play as
potential apoptosis regulators in these inflammatory effector cells has not been
investigated in vivo or ex vivo (Dostert et al. 2019).

The Bcl-2 family contains members that can function either as anti-apoptotic or pro-
apoptotic proteins. In apoptotic pathways, the protein known as Bax plays the role of a
death agonist (Dostert et al. 2019). Bax is a member of the Bcl-2 family. It has been
demonstrated that the formation of heterodimers between Bcl-2 and Bax inhibits the pro-
apoptotic activity of Bax. It has been shown that neutrophils express Bax but not Bcl-2;
therefore, it is likely that neutrophils contain functional Bax homodimers, which are at
least partially responsible for the short lifespan of neutrophils. Bcl-2 is known to be
expressed in neutrophils. The liberation of cytochrome ¢ from mitochondria, possibly
through the formation of a channel, and the subsequent activation of the caspase cascade
may be the mechanisms through which Bax's pro-apoptotic activity is mediated (Wolf et
al. 2022).



In this study, we present evidence that several neutrophilic inflammatory diseases are
characterized by delayed neutrophil apoptosis. There was a correlation between delayed
neutrophils, increased expression of neutrophil survival factors, and significantly lower
levels of Bax within the cells (Gray et al. 2018). Through the use of specific Bax antisense
oligodeoxynucleotides, it was directly demonstrated that Bax plays an important role in
the regulation of neutrophil apoptosis. As a consequence of this, cytokine-mediated
reduction of intracellular Bax levels appears to be a key mechanism in many

inflammatory disorders, which ultimately results in neutrophil expansion (Ge et al. 2021).

1.4 Effect of IGF-1 on Sperm DNA

Although the connection between growth hormone, and more specifically insulin-like
growth factor 1 (IGF-1), and testicular development and spermatogenesis has been
thoroughly investigated, there is a dearth of information regarding either the hepatic or
the paracrine forms of IGF-1 (Olojede et al. 2022). IGF-1 is essential for the process of
spermatogenesis. The use of frozen and thawed samples of buffalo, yak, canine, and ovine
sperm, for instance, resulted in increased levels of the growth factor IGF-1, which is
associated with spermatozoa motility, mitochondrial membrane potential, and oocyte

cleavage rate (Santos et al. 2022).

Oligoasthenoteratozoospermia is a complicated condition that is marked by low sperm
count (oligozoospermia), poor sperm movement (asthenozoospermia), and abnormal
sperm shape (Monteiro et al. 2018). Oligoasthenoteratozoospermia (OAT) is a condition
that affects male fertility (teratozoospermia). Oligoasthenoteratozoospermia (OAT) is a
condition that affects male fertility (teratozoospermia). IGF-I has been shown to stimulate
the maturation of spermatozoa, increase sperm motility, and significantly correlate with
total sperm count (Mora Rodriguez et al. 2019). These findings suggest that IGF-1
treatment may improve sperm quality. For the objective of this study, we examined the
impact of IGF-1 on sperm parameters in a patient with primary infertility and severe OAT
(Kups et al. 2022).



Recent research conducted by Jenkins et al. (2018) focused on DNA methylation,
chromatin remodeling, histone modifications, and sperm RNAs when reviewing the
epigenetics of male fertility. They found out, to their surprise, that there is a lack of
information known about DNA methylation and a lack of information known about sperm
RNAs. Very little is known about sperm RNAs, despite the fact that a number of studies
have investigated how the methylation of sperm DNA affects male fertility and the

number of sperm produced.

It has been discovered that human spermatozoa contain thousands of different RNAsS,
both coding and non-coding. These cells contain RNAs that most likely derive from
unmethylated or hypomethylated genes (Vrba and Futscher 2018). These genes are
accessible to the transcriptional apparatus and serve as indicators of the activity of sperm
transcription. H19 and IGF2 are the differentially methylated genes that have received
the most research attention, and it has been discovered that infertile patients have different
patterns of gene methylation than control subjects do. H19 is the genetic code for a non-
coding RNA that plays a role in the inhibition of IGF-1R expression, and IGF-2 is the
genetic code for the homonymous growth factor insulin-like growth factor 2 (IGF-2)
(Cannarella et al. 2022). Both of them are located on chromosome 11p15.5, which is
significant because it is the location of the first pattern of imprinted genes ever discovered
(Noordermeer and Feil 2020).

H19 is a gene that is passed down through the maternal line and is expressed by the
maternal allele, whereas IGF-2 is a gene that is passed down through the paternal line
(meaning that it is expressed by the paternal allele). Enhancers that are downstream of
H19 are shared by H19 and IGF-2 gene expression. Upstream of the H19 gene is a region
known as the H19 differentially methylated region (H19 DMR), which controls their
transcription. In the maternal allele, the H19 DMR does not have any methylation. This
prevents access to the IGF2 enhancer, which in turn enables the expression of H19 while
simultaneously inhibiting IGF-2. On the other hand, the H19 in the paternal allele has
been methylated. The expression of IGF-2 is increased as a result, while the expression
of H19 is decreased (Yamaguchi et al. 2019).



The H19 DMR is largely unmethylated in human fetal spermatogonia, but in mature
spermatogonia, it is heavily methylated. This difference is seen only in humans.
According to the findings of experimental research, the rate of H19 DMR methylation
affects the human sperm count. This is shown by the fact that sperm from people with
oligozoospermia methylate at a slower rate than sperm from people with normal sperm
counts. However, the mechanism that is responsible for this effect is not currently known
(Barbieri and Kouzarides 2020).

There has been no investigation into whether the H19 and IGF2 genes are expressed at
the sperm level or whether sperm count is correlated with their level of transcription.
These queries have not both been looked into (Le et al. 2019).

1.5 DNA Fragmentation in Sperm

The quality of sperm is often used as an indirect indicator of male infertility. According
to the World Health Organization (WHO), the ejaculate volume, the sperm concentration,
the motility, and the morphology of the sperm are the most important parameters that are
evaluated in infertility centers as part of routine semen analysis (Feferkorn et al. 2022).
The genetic make-up of a newborn is the result of the information contained in both the
oocyte and the sperm, and this information needs to be unaltered for the subsequent stages
of embryonic and fetal development to result in a healthy offspring (Innocenzi et al.
2019). The reproductive process can be hampered by the presence of any type of damage
in the DNA of either the male or female gametes. It is the most common cause of paternal
DNA anomaly transmission to progeny and is found in a high percentage of spermatozoa
from men who are subfertile or infertile (Boguenet et al. 2021). Sperm DNA
fragmentation can be found in men who are subfertile or infertile. A number of hypotheses
have been proposed regarding the molecular mechanism that is responsible for the
fragmentation of sperm DNA (Cecchele et al. 2022). Of these, apoptosis, abnormal
chromatin packaging, and reactive oxygen species are considered to be the most
important. Numerous studies have demonstrated that spermatozoa with DNA
fragmentation are capable of fertilizing an oocyte; however, these spermatozoa are linked

to abnormal embryo quality, a halt in the development of the blastocyst, and lower



pregnancy rates, regardless of whether the fertilization took place naturally or through the
assisted reproductive technologies of intrauterine insemination (1Ul), In vitro fertilization
(IVF), or Intracytoplasmic sperm injection (ICSI) (Kopp et al. 2023). It has been
demonstrated in several studies that oocytes and embryos maintain the ability to repair
DNA damage that may be present in the genome of the father. However, it is not known
whether all types of DNA damage can be repaired (Schumacher et al. 2021). For instance,
it would appear that breaks in double-stranded DNA are less repairable than breaks in
single-stranded DNA, and as a consequence, they have a greater influence on the quality
of embryos and/or the development of embryos. In addition, an oocyte's maturity level,
the age of its mother, and the environment all have an impact on its ability to repair DNA
damage (Aitken 2022). This review provides a concise summary of the factors that
contribute to sperm DNA fragmentation, including their relationship to seminal
parameters and paternal age, as well as the impact these factors have on assisted
reproduction procedures (Dahan et al. 2021).

1.6 Human Sperm Chromatin Structure

Germ cells are absolutely necessary to the survival of the human race as they enable the
transmission of genetic information from one generation to the next. The production of
highly specialized sperm cells is the result of spermatogenesis, which is a process that is
ongoing and meticulously regulated (Cheng et al. 2022). This process involves extremely
noticeable cellular, genetic, and chromatin changes that lead to the production of sperm
cells (Figure 1.1) (Kejnovsky and Jedlicka 2022). Spermatogonial stem cells divide,
differentiate into primary spermatocytes, and then undergo genetic recombination to
create round haploid spermatids (Ibtisham and Honaramooz 2020). The process of
spermiogenesis, which involves significant cellular, epigenetic, and chromatin
remodeling, is then carried out on the rounded spermatids that have been produced
(Sharma et al. 2019). After the nucleosomes and histones have been disassembled, the
highly positively charged protamines form compact toroidal complexes. These complexes
are responsible for the organization of 85-95% of the human sperm DNA (Gaikwad et
al. 2019). In human spermatozoa, we find two distinct forms of the amino acid protamine

(P1 and P2). The chromatin of human sperm is less stable than that of other organisms



because it has fewer thiol groups available for disulfide bonding (Dos Santos Hamilton
and Assumpgao 2020). In conclusion, as the cysteines travel through the epididymis, they
gradually undergo oxidation, which results in the formation of inter- and intraprotamine
disulfide bonds (Le Blévec et al. 2020). These bonds, in conjunction with zinc bridges,
serve to completely compact and stabilize the chromatin. Mammalian DNA is the most
condensed form of eukaryotic DNA because of the total of all of these interactions, which
enables it to adjust to the incredibly restricted space of the sperm nucleus (Greenberg and
Bourc’his 2019).

Figure 1.1 Espermatogenesis. The following are listed in order: (a) spermatogonia (2n);
(b) primary spermatocytes (2n); (c) secondary spermatocytes (n); (d)
spermatids (n); and (e) spermatozoa

The organization of chromatin is essential during both the process of fertilization and the
early stages of embryonic development (Kresoja-Rakic and Santoro 2019). Crystalline,
insoluble, tightly packed, and well-organized, sperm chromatin is made up of 27 kilobytes
of DNA loop domains. Sperm chromatin is a well-organized structure (Abdelhedi et al.
2019). These loops are connected to the nuclear matrix at their bases, which can be
observed using fluorescent in situ hybridization (FISH). During the process of sperm
decondensation, the DNA maintains its attachment to the base of the tail, which suggests
the presence of a structure in human sperm that is analogous to the nuclear annulus. This

DNA organization not only permits the transfer of the extremely securely packaged



genetic information to the egg but also guarantees that the DNA is delivered in a physical
and chemical form that the developing embryo can access (Krimsky 2019).

1.7 Causes of DNA Fragmentation

Apoptosis, defects in chromatin remodeling during spermiogenesis, and oxygen radical-

induced DNA damage can all cause sperm DNA fragmentation (Dutta et al. 2020).

1.8 Apoptosis

It is possible to keep track of the germ cell population that Sertoli cells will maintain
during the process of spermiogenesis thanks to the apoptosis process. Additionally, this
process enables the regulation of sperm cell overproduction and the elimination of
abnormal cells (Pedrana et al. 2021). Apoptosis of sperm is mediated by proteins of the
type Fas, and the concentration of these proteins is higher than fifty percent in males with
abnormal seminal parameters. Cells that have been labeled with Fas proteins are
phagocytosed and destroyed by Sertoli cells, which are associated with these cells (Horibe
et al. 2019). However, some defective germ cells will go through the process of sperm
remodeling while spermiogenesis is taking place. These cells will later show up in the
ejaculate looking normal but will have genetic defects. Apoptosis is distinguished from
other cell death processes by the rupturing of the cell membrane, the rearrangement of
the cytoskeleton, the condensation of the nucleus, and the fragmentation of
intranucleosomal DNA into multiple 185-bp pieces (Spangler 2022).

1.9 Damage During Chromatin Packing in the Spermiogenesis

The DNA and sperm nuclear proteins that make up sperm chromatin are arranged in a
convoluted fashion, and there are varying degrees of compaction present in order to
reduce nuclear volume and head size (Ariyasinghe 2019). Then, DNA fragmentation
could be the result of unresolved strand breaks that were created during the normal

process of spermiogenesis to relieve the torsional stresses involved in packing a very large
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amount of DNA into a very small sperm head. This was done to prevent the DNA from
becoming overly twisted (Press et al. 2020). Phosphorylation of H2AXx, activation of
nuclear poly (ADP-ribose) polymerase and topoisomerase, and other processes are
responsible for the correction of these physiological strand breaks (Curtin and Szabo
2020).

1.10 Oxygen Radical-Induced DNA Damage by Reactive Oxygen Species

Byproducts of oxygen metabolism are oxidizing agents called reactive oxygen species
(ROS), which are also known as free radicals (Madkour 2019). Because they contain at
least one unpaired electron, they are capable both of producing highly reactive molecules
(such as hydroxyl ion [OH], superoxide ion [0?], nitric oxide [NO], peroxyl [RO-], lipid
peroxyl [LOQ], and thyl [RS]) and non-radical molecules (singlet oxygen [O2], hydrogen
peroxide [H202], hypochloric acid [HOCI], lipid peroxide [LOOH], and ozone [O3])
(Capanoglu et al. 2020).

It has been demonstrated that the chromatin found in the nucleus of sperm is susceptible
to oxidative damage, which can lead to the modification of bases and the fragmentation
of DNA. Electromagnetic radiation is the cause of ROS production, which decreases the
motility and vitality of human spermatozoa and damages DNA (De luliis et al. 20009,
Gautam et al. 2022) claim that a number of toxins are released, including those in the
form of metals (cadmium, chromium, lead, manganese, and mercury) and those released
from industrial products or structural materials (benzene, methylene chloride, hexane,
toluene, trichloroethane, styrene, and phthalates). Additionally, drinking and smoking
enhance the formation of ROS and result in DNA strand breakage, which decreases sperm

motility and triggers death (Henkel and Leisegang 2020).

In addition, the activation of sperm caspases and endonucleases by ROS results in the
fragmentation of sperm DNA. Cui et al. (2017) found that exposing the mouse testis in
vivo to temperatures between 40 and 42 degrees Celsius causes caspase and endonuclease
to become active, which leads to a significant increase in the amount of DNA

fragmentation in the epididymis (Takeshima et al. 2021). It is possible to limit the amount
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of damage that sperm might sustain during their journey through the epididymis if they
are removed from the testicles before they enter the epididymis. Extraction of testicular
sperm can improve clinical outcomes for patients who have high levels of DNA
fragmentation in their sperm and multiple failures of in vitro fertilization (IVF) (TESE or
TESA) (Esteves et al. 2020).

The chromatin of human sperm gets cross-linked in situations of high oxidative stress,
which increases the frequency of DNA strand breaks (Aitken et al. 2020). When there is
only a small amount of damage to the DNA of the spermatozoa, the spermatozoa can
perform self-repair and may potentially regain the ability to fertilize the oocyte and
continue development. The oocyte is indeed capable of repairing damaged sperm DNA;
however, if the machinery within the oocyte is insufficient to repair DNA damage, the
embryo may not be able to develop or implant successfully in the uterus (Griffiths et al.
2020).
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2. LITERATURE REVIEW

21 IL-8

In addition to other cell types like epithelial cells, smooth muscle cells in the lungs, and
endothelial cells, macrophages also produce interleukin 8 as a type of chemokine. After
this, the precursor peptide must be disassembled into several active isoforms of IL-8. In
culture, macrophages primarily secrete amino acid peptides (Cui et al. 2017).

The G protein-coupled serpentine receptors CXCR1 and CXCR?2 are the ones that garner
the most attention from researchers. These receptors are located on the surface membrane
and are among the many different types of surface membrane receptors that are capable
of binding IL-8. Both CXCR1 and CXCR2 have varying degrees of affinity for IL-8, and
they express this cytokine in a variety of distinct ways. CXCRL1 is the precursor to
CXCR2. The production of the protein known as IL-8 requires a nhumber of distinct
metabolic events to take place. Within the context of the response of the innate immune
system, it plays a significant role as a modulator of the immunological response (Zhou et
al. 2020).

2.1.1 Structure of IL-8

Chemokines are signaling proteins that cells release in response to a variety of stimuli,
including infection and damage (Chen et al. 2018). They make a concentration gradient
for chemotaxis, which guides leukocytes with chemokine receptors to the damaged cells
and tells them to kill the infectious agent through phagocytosis and other ways. This is
done by guiding the leukocytes to the damaged cells (Malak et al. 2020). This allows the
leukocytes to find the damaged cells more easily. The presence of chemokines has been
associated with a variety of diseases, including cancer and several immune disorders. Two
examples that exemplify the complexity of the system are the ability of individual
chemokines to interact with multiple receptors and the ability of individual receptors to

interact with multiple chemokines. Both of these examples are shown below. In humans,
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there are around fifty distinct chemokines, each of which can interact with one of twenty-
three distinct G protein-coupled receptors. Chemokines play an important role in the
immune system through GPCRs (Stappler et al. 2017).

Chemokines are globular proteins that are typically less than one hundred residues in
length. Cells secrete chemokines. There is very little sequence homology between
members of different classes of polypeptides, but the polypeptides do have some
secondary and tertiary structural similarities in common with one another (Munawar et
al. 2018). They are split up into four distinct groups according to their characteristics. In
particular, they have one or two disulfide links, which serve to stabilize the protein fold
and can be classified according to where in the sequence they occur. In other words,
disulfide linkages are a type of protein fold stabilization. The structure of the protein is
made up of three strands connected by small loops, a C-terminal helix, a long N-loop that
is complemented by a turn of the 310 helix, and flexible N-terminal residues starting with
the first cysteine residue. Interleukin-8 is a chemokine that belongs to the CXC class of
chemokines. Other chemokines in this class also have the essential glutamate-leonine-
arginine (ELR) sequence motif for biological activity. Because of how similar their
structures are, what we learn about how a single chemokine is made, how it moves, and
how it interacts with other molecules is likely to apply to a wide range of chemokine
receptor combinations and functions. This is due to the fact that chemokines and their
receptors have a lot in common due to the similarities in their structural make-up (David
and Kubes 2019).

The very first chemokine ever found was given the designation interleukin-8 (IL-8 for
short; IL-8, CXCL-8). This form, which has 72 residues and is a homodyne at high
concentrations despite being a monomer at low concentrations, is the one in which it
interacts with the receptor for which it was developed. Low concentrations of the
monomer form do not allow it to engage with the receptor. X-ray crystallography and
solution nuclear magnetic resonance were the methods that were initially utilized in order
to figure out the structure of the wild-type IL-8 dimer. Since that time, after being
subjected to a diverse set of circumstances and undergoing a significant number of

mutations, its structure has been determined (Errichelli et al. 2017).
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With only slightly more extensive changes to the amino acid sequence, it is possible to
make IL-8 samples that can exist in solution as stable monomers or dimers. When a
disulfide bond forms across the dimerization interface, IL-8 dimers are made that can't
break apart. For this article, the monomeric form of IL-8 was made by replacing the
natural amino acid Leu25 at the dimerization interface with the artificial amino acid N-
methyl leonine. Changes were made to Leu25, VVal27, and Glu29 to break up the hydrogen
bonding network that keeps the demerit form stable, and the last six residues of the protein
were taken out to break up the interface between the two molecules (Kazlauskas 2018).
The production of the monomeric form of IL-8 proceeded in this manner. Both the
demerit wild-type 1L-8 and the monomeric IL-8 with N-methyl leonine have structures
with small differences in where the first strand is and how the residues are arranged in
helices. These differences may be seen in the demerit wild type of IL-8. These variations

can be seen when comparing the two types of IL-8 (Ellwanger et al. 2020).

CXCR1 and CXCR2, two chemokine receptors that are highly similar to one another in
terms of their sequences, were among the first to be discovered. Chemokine receptors
make up six of the forty GPCR structures that have been discovered so far. These
structures include CXCR1, CXCR4, CCR2, CCR9, and CCRS5, in addition to the viral
receptor US28. The structure of IL-8 bound to a chemokine receptor has not yet been
determined; however, CXCR4 and US28 have been co-crystallized with viral chemokines
to gain more insight into the structure of the complex (Sonawani et al. 2022). I1L-8 is
shown to have interactions with two major binding sites on CXCR1 that may be located
in close proximity to one another, according to the experimental data that is currently
available. The extracellular N-terminal portion of the receptor, where binding site-I is
found, contains a total of 38 different residues in its structure. It has been demonstrated
that a synthetic peptide composed of these two extracellular loops joined together by a
linker is capable of binding I1L-8 with a KD of 0.5 M. Arg119, Arg203 in extracellular
loop 2, and Asp265 in extracellular loop 3 are some of the other residues that can be found
in Binding Site-1l (Berkamp 2018).

Under physiological conditions, there is evidence to suggest that wild-type IL-8 (1-72)

interacts with CXCR1 as a monomer. These conditions are: Neutrophil chemo taxis and
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Ca2?* mobilization assays have shown that monomeric 1L-8 (1-66) possesses the same
level of efficacy (Boyles et al. 2020).

The sequence diversity of the residues in Binding Site-1 of chemokine receptors is high.
This diversity is what accounts for the specificity with which the chemokine binds to the
receptor. Switching the N-terminal regions of CXCR1 and CXCR2 between the two
receptors changes their ability to bind specific molecules. This is because the N-terminal
regions of CXCR1 and CXCR2 differ the most from one another (Moussouras et al.
2017). The observation that the adaptable N-terminal region appears to be a defining
characteristic of chemokine receptors served as the impetus for the study of these residues
in soluble peptides apart from the rest of the receptor. This research was carried out in
order to better understand how chemokine receptors work. When measured in the low
micromolar range, IL-8's affinity for the many N-terminal peptides derived from CXCR1
is at its highest. Nuclear magnetic resonance (NMR) investigations of IL-8 bound to a 21-
residue peptide whose sequence corresponds to residues 9—29 of CXCR1 yielded the first
insights at atomic resolution into the interaction between the two molecules. When bound
to IL-8, the peptide takes on a more discernible three-dimensional structure than it does
on its own. It was found that the residues Pro21, Pro22, Asp24, Glu25, Asp26, and Pro29,
which are grouped together in the middle of the peptide, are involved in the binding of
IL-8 (Padilla et al. 2017).

More recently, Berkamp (2018) showed that interactions with IL-8 change the chemical
shifts of other CXCRL1 residues like Asnl16, Thrl8, and Gly19 in a big way. This was
done by demonstrating that these residues are affected. Also, it has been shown that 1L8
can bind to different lengths of CXCR1 N-terminal peptides with affinities that are
increased by micelles. This shows that lipids may affect how effectively IL-8 interacts
with CXCR1, which indicates that lipids may affect how well IL-8 interacts with CXCR1
(Berkamp 2018). There are signs that the Tarp residue in the 34-mer peptide made from
the N-terminus of CXCR1 interacts with DOPC lipid bilayers. This interaction takes place
in the N-terminal region of the protein. Another one of our demonstrations has shown that
the N-terminus of CXCRL1 interacts with the surface of the membrane when IL-8 is not

present, but these interactions are disrupted when IL-8 is present. This was shown to be
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the case by the fact that the N-terminus of CXCR1 engages in interactions with the surface
of the membrane (Kukielka et al. 2021).

Researchers have isolated and characterized the IL-8 residues that are crucial to the
function of CXCR1. Even though it has been shown that the unique ELR residues (Glu4,
Leub, and Arg6) are needed for CXCR1 to be activated, IL-8 does not attach to N-terminal
peptides when they are present. This is the case despite the fact that CXCR1 activation
requires these residues. Even if these remnants are present, this conclusion can still be
drawn. The main binding sites on the IL-8 molecule have been found to be the N-loop
(residues 12—18), the 40-s loop, and the third strand (residues 4-51). These spots are made
up of charged residues and hydrophobic residues in equal measure (Ngo et al. 2020).

It appears that the N-loop residues Tyr13, Lys15, and Phe21 are responsible for imparting
specificity to certain receptors. In addition, it has been demonstrated that the interaction
of 1L-8 with the peptide that corresponds to CXCR1's N-terminus does not result in a
significant change in the conformation of the IL-8 molecule. Furthermore, there is
evidence that IL-8 dimers split apart when they bind the N-terminal residues of CXCR1,
which suggests that there are only a few minor differences between the binding of

obligatory I1L-8 monomers and I1L-8 dimers (Novak et al. 2021).

2.1.2 Function of IL-8

Neutrophil chemotactic factor, also known as IL-8, primarily operates in two different
ways (Gonzalez-Aparicio and Alfaro 2020). Inducing the target cells, primarily
neutrophils but also other granulocytes, into chemotaxis causes these cells to migrate
toward the site of the infection. Once the invaders have arrived at their destination, 1L-8
also stimulates phagocytosis. In addition, it has been demonstrated that IL-8 is a potent
agent that promotes the formation of new blood vessels. IL-8 causes a number of
physiological changes in target cells. Some of these changes are an increase in the amount
of Ca2+ inside the cell, the release of histamine from the cell through a process called
exocytosis, and the respiratory burst. IL-8 is the culprit behind these processes, which are

required for migration and phagocytosis to take place (Luo et al. 2018).
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It has been demonstrated that IL-8 is a signatory chemokine of CR?* naive T cells.
Additionally, any cells involved in the innate immune response that have toll-like
receptors can secrete 1L-8. Because macrophages are the first cells to detect an antigen,
they are also the first cells to release IL-8, which causes other cells to become attracted
to the area. It has been shown that both the monomer and homodyne forms of I1L-8 have
a strong effect on the expression of the chemokine receptors CXCR1 and CXCR2.
Although the homodyne is more efficient, the methylation of Leu25 has the potential to
inhibit homodyne activity (Padilla et al. 2017).

It is believed that IL-8 plays a role in the development of bronchiolitis, which is a
respiratory disease that is frequently caused by viral infections. IL-8 is a chemokine that
belongs to the family of CXC chemokines. This gene and the genes for the other ten
members of the CXC chemokine family are grouped on the chromosome 4q region of the

genome (Fu et al. 2017).

22 IGF-1

The role of IGF-1 in reproduction as well as the growth of various cancers and benign
proliferations has become known as a result of recent discoveries on the endocrine,
paracrine, and anticrime involvement of IGF-1 in the proliferation of many tissues. These
discoveries have led to the understanding that IGF-1 plays an important role in the
proliferation of many tissues (Hernandez-Silva et al. 2020). IGF-1 will be discussed in
the context of gynecology throughout the course of this article. Women before menopause
who have high levels of IGF-1 but low levels of an IGF binding protein (IGFBP) like
IGFBG-3 have an increased risk of developing breast cancer. There is a correlation
between elevated levels of IGF-1 and an increased risk of cervical, ovarian, and
endometrial cancer in postmenopausal as well as premenopausal women. Both in vitro
and in vivo studies have shown that the presence of IGF-1 promotes the growth of
myomas, which are the most common type of benign uterine tumor found in women
(AlAshgar et al. 2019). According to the findings of various studies, IGF-1 is
hypothesized to play a part in the differentiation process of a variety of reproductive

tissues, including the endometrium and the tissues of the ovaries. Insulin resistance and
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an increase in plasma IGF-1 are two symptoms that frequently appear in patients who
suffer from polycystic ovary syndrome (PCO). Endometriosis and polycystic ovary
syndrome both cause a decrease in IGF levels locally in the endometrium, which may
help explain infertility. Plasma IGF-1 levels are found to be higher in more severe cases
of endometriosis. IGF has recently been shown to facilitate the implantation of human
embryos into the endometrium during in vitro fertilization procedures. It is a conundrum
that different immune systems need to cooperate for implantation and continued
pregnancy to take place. It would appear that IGF is the agent that catalyzes the joining
of the two epithelia (Qin and Xu 2022). A disturbance can result in pregnancy
complications such as spontaneous miscarriage, preeclampsia, or embryo defects. Other
pregnancy complications include premature labor and delivery. IGF is therefore a useful
indicator that a pregnancy is progressing normally. If we have a better mechanistic
understanding of how IGF-1 acts on the cellular level, the practitioner may find it
interesting to use IGF-1's diagnostic potential as a marker for a variety of diseases. Not
only will this provide scientists with more sophisticated mechanistic explanations, but it
will also not yet be determined how the levels of IGF-1 in local tissues relate to the levels

of IGF found throughout the body under certain conditions (Yan and Charles 2018).

2.2.1 Biochemistry of IGF-1

IGF molecules are small polypeptides that contain 70 amino acids for IGF-1 and 67 amino
acids for IGF-2. There is 62% amino acid sequence homology between the two types of
IGF molecules. Their structure is very similar to that of insulin in that it is made up of a
single polypeptide chain connected by three sulfur-sulfur bridges. The gene for IGF-2 is
located on chromosome 11, and the gene for IGF-1 is located on chromosome 12. The
primary site of its production is in the cells of the liver, and it is regulated by both GH
and the factors of the diet. IGFs are transported through the bloodstream attached to
specific proteins, including the IGFBPs (Allard and Duan 2018).
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2.2.2 Structure of IGF-1

IGFs, also known as insulin-like growth factors, are essential to the development of a
healthy fetus and infant after birth. The type 1 IGF receptor, also known as IGF-IR,
initiates the physiological response in vivo to the ligand. This receptor binds to IGF-I with
high affinity (LeRoith et al. 2021). Although with a lower affinity, IGF-IR is also able to
bind to IGF-II, which is a factor that contributes to the mutagenic effects that the
polypeptide has on the development of the fetus. An earlier genetic study that linked the
insulin receptor to the growth-promoting effects of IGF-II has been supported by more
recent research that has shown that the insulin receptor (IR), which is alternately spliced
and lacks exon 11, binds IGF-I1 with high affinity (Liefers-Visser et al. 2017).

Insulin, IGF-1, and IGF-II are all examples of ligands that share a common three-
dimensional (3D) architecture and are capable of binding to both IR and IGF-IR
competitively. There is no known ligand for her, and knockouts of IRR have no
discernible effect on the organism's phenotype. When both alleles of Igf-1r are deleted in
the germ line, severe growth retardation occurs during the second half of gestation. This
occurs because of the lack of IGF-1R. Fibroblast cell lines derived from IGF-1R knockout
mice are resistant to oncogenic transformation by a wide variety of viral and cellular
oncogenes when cultured in an environment rich in serum (Ngo et al. 2021). These cell
lines also display impaired progression through the cell cycle. On the other hand, ligand-
dependent overexpression of IGF-IRs facilitated the transformation of cell lines into
neoplastic forms. Therefore, the IGF axis is essential for both the development of healthy
cells as well as the transformation of cells into cancer. As a direct consequence of this,
IGF-IR has emerged as a potential therapeutic target in the treatment of human cancer
(Lyu et al. 2018).

2.2.2.1 1GF-I receptor: discovery and sequence

In 1974, different proteins from pure rat liver plasma membranes and detergent-
solubilized fractions were used to label 25-I-labeled insulin and 25-1-labeled NSILAsS,

which is a soluble fraction of insulin-like activity that can't be turned off. This finding
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provided the first piece of evidence suggesting the presence of an IGF receptor that was
distinct from IR (Makkar et al. 2022). The IGF-IR was utilized as a homodyne by means
of SDS gel electrophoresis, which demonstrates that it is composed of two a-chains and
two b-chains joined together by disulfide receptors. The mature 22 receptors are produced
from a precursor of IGF-IR that has a molecular weight of 180 kilodaltons and has been
glycosylated, dimerized, and put through the processing of proteolysis. The next
important discovery was the demonstration that IGF-IR is a tyrosine kinase that becomes
activated and self-phosphorylated after it binds to IGF-I (Velloso et al. 2017). This was a

very important discovery.

In the year 1986, the human IGF-IR canal was successfully cloned and its sequence was
determined. It contains 4,989 nucleotides and the genetic code for 1.367 amino acids in
their precursor forms (Figure 2.1). Both the 30-residue signal peptide (residues 30 to -1)
and the Arg-Lys/Arg-Arg furin protease cleavage (residues 708—711) are present in the
pre-preceptor monomer, which, upon cleavage, produces one a-chain and one -chain. The
signal peptide begins at residue 30 and ends at residue 1. The extracellular portion of the
IGF-IR consists of the a-chain (residues 1-707), which has eleven potential N-linked
glycosylation sites, and the b-chain, which has 195 residues. Both of these chains have
eleven potential N-linked glycosylation sites. The tyrosine kinase is housed within a
cytoplasmic domain consisting of 408 residues and a single membrane segment belonging
to Tran (residues 906-929) (Residues 930-1337). The canal for the third member of the
IR family has also been cloned and sequenced. Additionally, its organization is very

similar to that of the human IR canal (Hernandez-Corbacho et al. 2017).
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Figure 2.1 IGF-IR canal

Both human IGF-IR and human IR have their own unique sequences of amino acids. For
the L1/Cys-rich/L2 domains and the tyrosine kinase domain, the secondary structural
assignments are shown above the sequences as cylinders for -helices and arrows for -
strands. Below the sequences is a representation of the demarcation borders that separate
the many different domains and modules (Adams et al. 2000)

The length of the human IGF-IR gene is greater than one hundred thousand base pairs,
and it has ten exons in the plus chain and eleven exons in the minus chain. In a different
human IGF-IR mRNA transcript, the deletion of three base pairs results in the substitution
of Argo for Thr898Gly899 (Figure 2.1) (Escribano et al. 2017). This occurs eight residues
upstream from the beginning of the human IGF-IR transmembrane region. The CAG-
isoform displays decreased internalization and improved signaling characteristics in

comparison to the CAG+ isoform.

The high-IR, which is very glycosylated and possesses 16 potential N-linked
glycosylation sites like the hire, is also highly glycosylated. The third member of this

receptor subfamily is called the, and it possesses 11 N-linked sites as opposed to the
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human's total of 18 N-linked sites (Cuccui et al. 2017). The vast majority of studies have
considered hiring. Analytical ultracentrifugation revealed that the hire protein expressed
in CHO-K1 cells contained between 58 and 64 different types of carbohydrates (Romauch
2020). There are oligosaccharides of both the complex and high mannose types; the latter
contains residues of fuses in addition to N-acetyl glucosamine, GA lactose, and silica
acid. Oligosaccharides can also be of the high-mannose type. The O-linked glycosylation
process has only been demonstrated for the hire subunit. According to studies that
investigated the effects of removing N-linked glycosylation sites, there are a lot of
redundant processes involved in the glycosylation of hire (Fuertes-Martin et al. 2020).
Each site can be changed independently, with one notable exception, without affecting
the ligand-receptor binding, the processing of the receptor, or the expression on the cell
surface. 30-36 It would appear that the major receptor domains, particularly those that are
close to the N-terminus (L1, Cyst-rich, L2), need at least one intact glycosylation site in
order to fold and process correctly. When combinations of glycosylation sites are

examined, this requirement becomes clear (Chalkley and Baker 2017).

2.2.3 Function of IGF-1

IGF-1 is the primary mediator of the effects of growth hormone (GH) (Kraemer et al.
2017). The anterior pituitary gland is responsible for producing growth hormone, which
is then secreted into the bloodstream, where it stimulates the production of IGF-1 by the
liver. IGF-1 then promotes systemic body growth and has effects that promote growth on
almost all of the body's cells, particularly those found in the skeletal muscle, cartilage,
bone, liver, kidney, nerve, skin, and hematopoietic systems (Cheng et al. 2021). IGF-1
also has effects that promote growth in almost all of the body's nerve cells. IGF-1 is
capable of controlling the synthesis of DNA in living things, in addition to having effects

that are analogous to those of insulin.

IGF-1 is capable of attaching to the insulin receptor as well as at least two other cell
surface receptors that are tyrosine kinases, one of which is the IGF-1 receptor. In addition,
IGF-1 can bind to at least two other cell surface receptors that are tyrosine kinases (IGF-
1R) (Zhang et al. 2020). It binds to IGF-1R, a particular receptor that is present on the
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surface of numerous different cell types in numerous organs, mediating the primary
function. This receptor may be found in many different sorts of organisms. The
mechanism of intracellular signaling is kicked off whenever the IGF-1R molecule is
bound (Crudden et al. 2018). IGF-1 is one of the natural activators of the AKT signaling
pathway that is considered to be among the most efficient. It does this by inhibiting the
process of programmed cell death, encouraging the growth and proliferation of cells, and
stimulating the formation of new cells. IGF-1 receptors have a significantly higher
propensity to bind IGF-1 than insulin receptors do, which lends support to the idea that
the IGF-1 receptor is the "physiologic" receptor (Owen 2017). IGF-1 is just 0.1 times as
effective as insulin when it comes to its ability to activate the insulin receptor. Insulin is
the more powerful of the two hormones. There is a potential that some of this signaling
is carried out by heterodimers made up of IGF-1R and insulin receptors (the reason for
the confusion is that binding studies show that IGF-1 binds the insulin receptor 100-fold
less well than insulin, which doesn’t correlate with the actual potency of IGF-1 in vivo at
inducing phosphorylation of the insulin receptor and hypoglycemia) (Yoshida and
Delafontaine 2020).

IGF-1 binds to and activates its own receptor, the IGF-1R. It then sends signals through
a number of intracellular transduction cascades when RTKSs are made on the cell surface
(Aghajani et al. 2019). After RTKs have been expressed, this occurs. When RTKSs are
made on the surface of the cell, IGF-1 binds to its own receptor, the IGF-1R, and turns it
on. It then sends signals through a number of intracellular transduction cascades. This
happens after RTKs have been expressed (Hwang et al. 2020). Phosphatidylinositol-3
kinase (PI3K) and its downstream partner, the motor, are two of the most important
regulators of one of the most important pathways. A significant mechanistic pathway is
also involved in mediating the cascading impact that is caused by this pathway. This effect
is caused by this pathway (the mammalian target of kanamycin). Kanamycin is able to
suppress the activity of the mTORC1 complex as a result of its interaction with the
enzyme FKBPP12 (Xiong et al. 2017). MTORCL1 is suppressed while MTORC2 is
untouched, and the cell responds by boosting the activity of AKT, which directs signals
through the protein that is unaffected by the inhibition of MTORCL. The phosphorylation
of eukaryotic translation initiation factor 4E by motor proteins interferes with the capacity
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of EIF4E-binding protein 1 (EIF4AEBP1) to inhibit eukaryotic translation initiation factor
4E and decrease metabolism (EIF4E). The skin, internal organs, and secondary lymph
nodes are the most common locations for the development of tumors. The growth of
cancerous tumors (Kaposi sarcoma) is strongly linked to mutations in the PI3K-AKT-
mTOR signaling pathway. IGF-1R enables activation of these signaling pathways, which
in turn regulate cellular viability and the metabolic absorption of biogenic chemicals (Liu
et al. 2020). Ganitumab could lead to the development of a therapeutic strategy that aims
to reduce tumor collection. Ganitumab is a potentially monoclonal antibody that targets
the IGF-1R in an antagonistic manner. Ganitumab inhibits the activation of the PI3K-
mTOR signaling pathway by binding to the IGF-1 receptor and preventing IGF-1 from
binding to the receptor. It is possible that the growth of tumor cells can be stopped and
apoptosis can be induced in tumor cells if a pathway that promotes survival is blocked
(Hsu et al. 2019).

IGFBP1, IGFBP2, IGFBP3, IGFBP4, IGFBP5, IGFBP6, and IGFBP7 are the seven IGF-
1 binding proteins (IGFBPs) that have been shown to bind to and interact with insulin-
like growth factor 1. There are also IGFBPs that inhibit growth. For example, the affinity
with which IGF-1 binds to IGFBP-2 and IGFBP-5 is significantly higher than the affinity
with which it binds to its receptor. As a result, there is a reduction in IGF-1 activity
because serum levels of these two IGFBPs are increasing (Allard and Duan 2018).

2.2.4 IGF-1 and male fertility

Infertility is defined as the inability to conceive a child after one year of unprotected
sexual activity (Akhondi et al. 2019). There are some medical conditions that can also
cause infertility. It is estimated that male fertility factors are to blame for 50% of all cases
of infertility in human couples, which accounts for 15% of all human couples. Some
evidence suggests that the quality of sperm has declined, despite the fact that overall
human fertility does not appear to have decreased in recent years. Up to this point,
decreased sperm count and decreased sperm motility have been linked to a wide variety
of factors. Some of these factors include anatomical and physical impediments, hormonal

imbalances, immunologic deficiencies, genitourinary infections, environmental exposure
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to dangerous chemicals that are harmful to spermatogenesis, abnormal morphology, and
anatomical and physical obstructions (Park 2017).

Pituitary gonadotropins and testosterone are required for the intricate developmental
process of spermatogenesis. Through anticrime, paracrine, and juxtacrine mechanisms,
this process controls spermatogenic cells and the way the testicles work in a roundabout
way. One of the molecules that is believed to play a role in the development of germ cells
is called IGF-1, which has a molecular weight of 7.6 kilodaltons and contains a total of
70 amino acids (Lee and Kim 2018). IGF-1 is responsible for mediating the cell-
proliferating effects of growth hormone (GH). Steroidogenesis, metabolic processes, cell
proliferation, and differentiation are all influenced by IGF-1. Plasma and the fluid that
comes from tissues both contain it. IGF-1 influences several facets of reproduction,
including the beginning, development, and control of spermatogenesis, which is one of
those facets (Neirijnck et al. 20191GFs are primarily manufactured in the liver, and their
release occurs in response to the pulsatile GH secretions produced by the anterior
pituitary. IGF-1 was found in the testis, which is part of the male reproductive system.
Leyden cells and Sterol cells are responsible for their secretion in the testis. IGF-1
receptors have been discovered on sterol cells, Leyden cells, secondary spermatocytes,
spermatids, and spermatozoa. Sterol cells are responsible for producing spermatozoa
(Ramal-Sanchez et al. 2019). There is evidence to suggest that IGF-1 is involved in both
the formation of steroids and spermatozoa. IGF-1 is also found in the peripheral
circulation, where it usually lives with IGF-binding protein-3 and the acid-labile subunit
in a heavy tertiary complex. IGF-1 can also be found in the central circulation (Fujimoto
etal. 2017).

IGF-1 levels in the serum and sperm, on the other hand, have only been the focus of a
limited number of research efforts. In one study, the levels of IGF-1 in infertile men were
found to be variable, while another study looked at these levels in healthy, fertile men
who had undergone vasectomies and found that these men were still fertile. The purpose
of the present study was to determine the relationship between serum IGF-1

concentration, seminal plasma IGF-1 concentration, and abnormal sperm parameter
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values in order to acquire a deeper comprehension of the role that IGF-I plays in the
process of fertility (Perussello 2022).

2.3 DNA

2.3.1 DNA definition

DNA, or deoxyribonucleic acid, is a specific kind of molecule that belongs to the category
of nucleic acids (Cuéllar-Cruz et al. 2019). It is very long and extremely small. DNA is a
molecule that carries the genetic code, which is unique to each person and contains the
instructions for making the proteins that are necessary for human cellular function. DNA
Is responsible for carrying the genetic code. DNA is a molecule. The mother is responsible
for contributing one half of the son's DNA, while the father is responsible for contributing
the other half. DNA instructions are passed down from parents to offspring (Moore and
Shenk 2017).

The genetic material, commonly known as DNA, is found in both the mitochondria of the
cell and the chromosome-like structures known as chromosomes. The genetic material
can be found in the nucleus of the cell. It stores the genetic information necessary for the
reproduction of cells as well as the production of their organelles and components (Wolff
et al. 2020).

2.3.2 The shape and components of DNA

Every nucleotide, which is a molecule that makes up DNA, has a nitrogen base, a
phosphate group, and a sugar group in it. These three groups make up DNA. There are
four distinct categories of nitrogenous bases, and some examples of each are adenine,

thymine, guanine, and cytosine (Sajid et al. 2019).

When the nitrogenous bases in DNA are linked in pairs, they make strips of deoxyribose

sugar and phosphate molecules on their sides. These strips are called AT and GC. The
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arrangement of the nitrogenous bases, which act as the rungs, determines the structure of
this spiral ladder. The genetic code is the result of this arrangement (Satyavolu et al.
2019).

DNA is encased in chromatin, which is composed of tiny proteins called histones that
help organize DNA into nucleosomes, which in turn create chromatin fibers that are
coiled and concentrated to form chromosomes. The double helix structure of DNA
contributes to the compactness of the biological molecule. The DNA is condensed into

chromatin structures that can be inserted inside the nucleus (Xu et al. 2018).

On each chromosome, there is only room for one molecule of DNA. The human genome
contains a total of 46 chromosomes, which are arranged in 23 pairs. The 21° chromosome,
which only contains about 3.000 genes, is the smallest of all the human chromosomes,

while the first chromosome, which contains 8.000 genes, is the largest (Belser et al. 2021).

2.3.3 Protein production process

There are two primary stages in the manufacture of proteins, and these are as follows:

In the course of the transcription process, the nitrogenous base thymine (T) is exchanged
for pal uracil. This results in the production of messenger RNA, which is a single-stranded
DNA transcript (U) (Wu et al. 2020).

Tran is responsible for the conversion of mMRNA into amino acids. As an illustration, the
letter combination (GUG) denotes the amino acid valise. Codons are read from messenger
RNA (mRNA), and each codon stands for a particular amino acid or structural component

of a protein. Codons consist of three letters (Abbasi et al. 2020).
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2.3.4 DNA discovery

The discovery of DNA was made by a German biologist named Friedrich Mescher in the
year 1869 AD (LaFleur 2019). However, it wasn't until 1953, when James Watson,
Francis Crick, Maurice Wilkins, and Rosalind Franklin discovered the double helix
structure of DNA, that scientists started to comprehend the significance of this molecule.
Around the same time, they started to entertain the idea that DNA might store information

of a biological nature (Kim and Poslad 2019).

2.3.5 DNA duplication

DNA replicates itself by first separating into two distinct strands, each of which acts as a
template for the subsequent replication of a new strand (Brown 2020). After this, the new
strands are translated by utilizing the same hydrogen bonds between the bases in the
double structure to produce two new molecules of double-stranded DNA. Each of these
new molecules contains one copy of the original DNA. This method of replication, which
is also referred to as semiconservative replication, is necessary for the maintenance of

genetic characteristics on both the original strand and the new strand (Cohen et al. 2018).

2.3.6 DNA test

DNA testing can be utilized in the process of diagnosing genetic disorders as well as
determining whether or not an individual is a genetic mutation carrier (Camunas-Soler et
al. 2018). An individual's DNA not only contains information about their ancestry, but it
also has the potential to occasionally reveal whether or not they are predisposed to
developing certain diseases. He is the one who gets to choose whether or not to pass it on
to his children, as well as evaluate his own risk of developing a genetic disease (Moore
2017).
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2.3.7 The importance of DNA

A significant number of unsolved criminal cases have been resolved thanks to DNA
because it can be used to identify the person who committed a crime by comparing a
sample of their DNA to evidence found at the crime scene and, similarly, because
evidence found at one crime can be linked to evidence found at other crimes (Campbell
et al. 2017).

If there is a high risk of chromosomal or genetic disorders in the fetus before birth, it may
be necessary to take a DNA sample from the expectant mother while she is pregnant. This

is done if there is a high risk of these conditions being present (Sanz et al. 2020).

DNA testing is appropriate for people who have a family history of genetic disorders, are
at high risk of developing a specific genetic disorder, or are currently being treated for

another genetic disorder (Boycott et al. 2017).

The production of vaccines involves the use of plasmids that contain particular DNA
sequences; the antigens contained in these plasmids are then translated into the specific

antigens that cause an immune response in the body (Jahanafrooz et al. 2020).

2.4 Sperm DNA

Sperm, or spermatozoon (Spermatozoid), to give it its full scientific name, is the
reproductive cell found in males. Sperm is also known as the reproductive cell (plural:
spermatozoa). Spermatozoa, also known as motile sperm that have a flagellum and a tail,

are produced by animals (Lehti and Sironen 2017).

Spermatogenesis is the process by which sperm cells are created. Sperm cells are created
through spermatogenesis. It is located in the seminiferous tubules of the testicles in
amniotes like humans (reptiles and mammals). This process involves the development of

several subsequent sperm cell precursors after beginning with the spermatogonia (Ben
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Maamar et al. 2021). They go through a process known as spermatocyte differentiation.
After that, spermatocytes go through the process of meiosis, which reduces the number
of chromosomes in their cells. The next step is the production of spermatids.
Spermatogenesis is the final stage of the process known as spermatogenesis. During
development, spermatids transform into spermatozoa that are complete (Rahman et al.
2018).

The production of these testicular cells initiates itself during the puberty stage. The
genetic material (DNA) that it carries in its head is what will be transferred to the egg
when it fertilizes it. It is mobile and possesses a tail at the same time (Ruiz and Granja
2017). In humans, between 150 and 200 million sperm are released during the act of
copulation. However, in order for the egg to become fertilized, there must be only one
sperm cell present. When it enters an egg cell (oocyte), a sperm loses its tail on the outside
of the cell, travels through the egg membrane, and then transfers its genetic material to
the egg (Stadelman et al. 2017). Sperm are kept in a viscous liquid. This fluid is known
by a few different names, including semen (resay), ejaculate, and more commonly just
semen. Spermatocytogenesis is the process by which stem cells divide in order to
replenish themselves and create a population of cells that will eventually develop into
mature sperm. This population of cells will eventually become mature sperm (Sharma et
al. 2018).

The genetic material can be found in the "baker's shovel"-shaped head of the spermatozoa,
which is the location of the spermatozoa. The acrosome is a structure that surrounds the
head of the spermatozoon and contains the enzymes that are necessary for the
spermatozoon to penetrate the wall of the egg cell in order to fertilize the egg (Simons
and Olson 2018). When the sperm cell reaches the egg, the enzymes that are contained
within the acrosome membrane are activated and released, making it possible for the
sperm to enter the egg. It is provided with n of the male DNA molecules, which then
combine with n of the female DNA molecules to produce 2n of the DNA molecules (this
cell is called a zygote) (Favilla et al. 2021). The cells that comprise the zygote will then
begin to divide and expand. The X and Y chromosomes that are carried by spermatozoa

are primarily responsible for the formation of sexuality. The female reproductive cell half
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of male reproductive cells contains an X chromosome, while the male reproductive cell
half of male reproductive cells contains a Y chromosome. In the event that an X-
chromosome-carrying sperm fertilizes a female reproductive cell, the resulting
chromosomes will be XX, and the individual will have female genitalia. There are,
however, a few notable exceptions to this rule (Madan 2020). For instance, there is a
possibility that there are people in the world who suffer from hereditary diseases such as
XXY and X0 (Zore et al. 2018).

2.4.1 Sperm parameters

Antoine van Leeuwenhoek was able to see spermatozoa in a sample of semen in the year
1677 by making use of a single-lens microscope (Jegou 2018). This was significantly
more powerful than the 20-30x magnification of the compound microscopes that were
used in the late 14th century. With the aid of the microscope, he was able to discover
"animalcules,” which are defined as "tiny motile components in semen that assist in
fertilization." However, in 1875, Oscar Herter demonstrated using sea urchins that the
sperm head actually fused with the female germ cells to form the nucleus of a new being.
This was the most significant advance in scientific knowledge at the time. John Macleod,
a scientist who worked in New York, United States, made two significant discoveries
between the years 1920 and 1950 (MacLeod and Urquiola 2021). One of these discoveries
is that oxygen metabolism is a factor in the cause of altered sperm quality, and the other
discovery is that semen analysis can be used as an index of human fertility through sperm
concentration, motility, and morphology. The procedures for sperm analysis have been
standardized by the World Health Organization (WHO) thanks to the creation of a
guidance manual for sperm analysis, which receives an update once every ten years
(Esteves 2022). These sperm parameters are what used today to determine whether or not

a male is sterile or subfertile.

The process known as spermatogenesis requires approximately 70 days to reach its
conclusion. The process begins in the epididymis with spermatogonia and continues
through primary, secondary, and spermatid spermatocytes before culminating in the

formation of mature spermatozoa. Large terminal deletions of the Y-chromosome long
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arm (Yq) are found in men who have azoospermia (Aitken 2022). This finding suggests
that azoospermia factors necessary for spermatogenesis are located within the achromatic
region of Yq. Two hormones, testosterone from the testes and follicle-stimulating
hormone (FSH) from the pituitary gland, control the production of spermatozoa. The
follicle-stimulating hormone (FSH) makes the first meiotic division happen in primary
spermatocytes (Santi et al. 2020). The luteinizing hormone tells the Leyden cells of the
testes to make and release testosterone, which helps the secondary spermatocytes change
into mature spermatozoa. This process takes place under the control of luteinizing
hormone (Derkach et al. 2022). The production of spermatozoa, their maturation, and
their lifespan are all negatively affected at an early stage in the pathogenesis of many
diseases. The parameters of a man's sperm can, according to some reports, reveal
information about his health (Skinner et al. 2017).

According to the definition that is given in its broadest sense, health is "a state of complete
physical, mental, and social well-being and not merely the absence of disease or
infirmity." This definition describes health as "a state of complete physical, mental, and
social well-being." The presence of a disease, the development of a depressive illness,
and cognitive decline with age are all linked to prolonged exposure to psychological
stress. Cancer, cardiovascular diseases, diabetes mellitus, infections, and hypertension are
the leading causes of death around the world, other than accidents, homicide, and suicide,

which are the leading causes of death (Cunningham et al. 2018).

2.5 Sperm DNA Fragmentation

DNA-damaged spermatozoa can successfully fertilize an egg (Mazur et al. 2021). The
most likely effects that the introduction of nucleotide or DNA damage into the maternal
genome during fertilization by the paternal genome, which has not been repaired by the
oocyte, will have on normal embryonic and fetal development are still unknown (Wu et
al. 2017). A sizeable percentage of women do not go on to have children because they
are unable to conceive, despite the fact that there does not appear to be a male or female
factor that contributes to infertility. It is likely that the genomic male factor of infertility

is present in many of these couples. This factor can cause infertility due to sperm DNA
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damage, meiotic changes, or sperm aneuploidy, among other things (Dissanayake et al.
2019). Even though very little is known about the human oocyte and embryo's ability to
repair DNA damage, a number of studies on gene expression have suggested that both
the oocyte and the embryo possess defense mechanisms that may allow them to deal with
some paternal DNA anomalies. This is despite the fact that very little is known about the
human oocyte's and embryo's capacity to repair DNA damage. To begin, the cytoplasmic
and genomic quality of the oocyte, both of which are significantly impacted by increasing
age, will determine how well the oocyte is able to initiate repair (Setti et al. 2021). This
is the first step. Second, the decrease in pregnancy rate (PR) observed in older women
may be made worse by the growing evidence linking paternal age to the quality of sperm
DNA present in a spermatozoon. This evidence links paternal age to the quality of sperm

DNA present in a spermatozoon (Chapuis et al. 2017).

It has been hypothesized that the presence of unrepaired DNA damage above a critical
threshold in embryos created in vivo and in vitro is what causes the block in embryo
development seen after embryo implantation in embryos with a normal karyotype (Yang
et al. 2021). This block can be seen in embryos that have a normal karyotype. Recent
studies have shown that this type of damage, which is referred to as a late paternal effect,
can manifest at any time during or after the implantation process. It is believed that some
preimplantation embryos pass away between the stages of postembryonic genome
activation and the blastocyst stage. Additionally, there are hints that link low blastocyst

viability to high DNA damage levels in sperm samples (Zheng et al. 2018).

It is important to note that the DNA damage that was discovered in the embryo may not
always be connected to the DNA damage that was present in the spermatozoon that
fertilized the oocyte. The oocyte is a major contributor to DNA irregularities in the
organism (Ma et al. 2017). If studies on aneuploidy are used as an illustration, then
problems with the oocyte will continue to be the most important factor contributing to the
condition. It is possible that in the future, analytical techniques will concentrate on
combining chromosomal probes and DNA fragmentation testing in embryo biopsies
(Coonen et al. 2020). This could enable a more thorough analysis, which would include

not only the diagnosis of monogenic diseases and aneuploidy but also the degree to which
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DNA is damaged in the embryo. This would make it possible to select embryos that have
the highest genomic quality. Examining the fragmentation of DNA in trophoblastic cells
that have been taken from a blastocyst biopsy is another method that can be used to
determine whether the oocyte or the embryo has repaired the DNA damage caused by the

sperm (Newman et al. 2022).

2.5.1 Mechanisms of sperm DNA fragmentation

How does sperm DNA damage take place?

There are primarily six different mechanisms that can result in DNA damage in
spermatozoa (Bisht and Dada 2017). This damage can occur in either the nuclear or
mitochondrial DNA. These can occur either during the production of sperm cells or while
the sperm cells are being transported, and include (Figure 2.2) the following: apoptosis
during spermatogenesis; DNA strand breaks caused by sperm chromatin remodeling
during spermiogenesis; post-testicular DNA fragmentation caused primarily by oxygen
radicals, such as the hydroxyl radical and nitric oxide, during sperm transport through the
seminiferous tubules and the epididymis; DNA fragmentation caused by endogenous
caspases and endonucleases; and DNA damage caused by radiation (Takeshima et al.
2021).

Spermatogonia
Spermatocytes

Early spermatids

Elongated spermatids

Apoptosis during spermatogenesis
(ii) DNA strand breaks during spermiogenesis

iv) DNA fragmentation induced by endogenous
caspases and endonucleases:

(v) DNA damage induced by radio and
chemotherapy: and

(vi) DNA damage induced by environmental
fToxicants.

(i) Post-Testicular DNA
fragmentation via ROS\

Figure 2.2 The main mechanism that can cause DNA damage in spermatozoa during the
production and transport of sperm cells
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The following are the major mechanisms that can cause DNA damage in spermatozoa
during either the production or the transport of sperm cells:

(i) Apoptosis during the process of spermatogenesis.

(i) DNA strand breaks are produced during the remodeling of sperm chromatin
during the process of spermatogenesis.

(iii)  During sperm transport through the seminiferous tubule, mostly oxygen radicals

cause DNA to break up after it leaves the testes.

The post-testicular damage that occurs while sperm are being transported through the
epididymis is one of these six mechanisms that has the potential to make a significant
contribution to the DNA fragmentation of sperm (Park et al. 2018). This is supported by
previous research, which found that the level of DNA fragmentation in the caudal
epididymis and ejaculated sperm was higher than that found in testicular spermatozoa.
Recent findings lend credence to this hypothesis. However, it is still unknown whether
errors that occurred during the process of spermatogenesis made the sperm more

susceptible to damage that occurred after the testes (Parrish et al. 2017).

2.6 The Effect of IL-8 on DNA Fragmentation

Infertility affects approximately 15% of couples around the world who are of reproductive
age, with the male partner being responsible for 30—40% of these cases (Deshpande and
Gupta 2019). The first step in figuring out if a man is infertile is to look at his sperm. This
involves measuring the concentration, movement, vitality, shape, and number of round
cells and white blood cells in the sperm using cutoff values set by the World Health
Organization (WHO). There is a condition known as leukocytospermia in which there are
more than 1.106 white blood cells (WBC) per milliliter of semen (Wu et al. 2020). This
condition affects 10% to 20% of infertile men. Leukocytospermia is a well-known
indicator of an infection in the male urogenital system, which can have a negative impact
on the quality of the sperm. Interleukin 6 and IL8 are both types of cytokines that are
produced by leucocytes. It is believed that these cytokines are important factors and

sensitive markers for the prediction of acute seminal inflammation. It has been
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demonstrated that seminal cytokines have a detrimental effect on the process of
spermatogenesis, which in turn results in low-quality sperm (Fallah et al. 2018).

The inflammatory responses that occur within the male genital tract are inextricably
linked to the oxidative stress that occurs there (OS). A factor that influences fertility is
reactive oxygen species, also known as ROS (Darbandi et al. 2018). These are leukocyte-
produced molecules that prevent male reproduction. In fact, oxidative stress is brought
on not only by an excessive amount of ROS but also by the lipid peroxidation that takes
place at the plasma membrane (Yusupov et al. 2017). When ROS enter sperm, they harm
the genetic material there. More specifically, they accelerate the destruction of
mitochondrial DNA (mtDNA), speed the fragmentation of sperm DNA, and prevent cells
from producing ATP.

Malondialdehyde (MDA), which is one of the byproducts of lipid peroxidation, is found
in much higher concentrations in people with leukocytospermia (Wang et al. 2019).
Spermatozoa are protected from the damaging effects of oxidative stress by antioxidants
that act as free radical scavengers. Some examples of these antioxidants include catalase
(CAT), glutathione (GSH), and superoxide dismutase (SOD) (Zulaikhah 2017).
Researchers are already debating the findings of the various studies in regards to their
concentrations in seminal plasma. According to the findings of a number of studies,
leukocytes have the tendency to weaken the antioxidant defense system of sperm. In
contrast, patients with leukocytospermia have been shown to have significantly elevated

levels of antioxidant activity in other studies (Derakhshan et al. 2018).

2.7 1L-8 and Sperm DNA Fragmentation

It is believed that the DNA fragmentation index (DFI), which measures the number of
DNA breaks that occur in sperm cells, can more accurately predict male fertility than
conventional semen parameters (Khatun et al. 2018). Furthermore, the high levels of
sperm DNA fragmentation (SDF) adversely affected key aspects of assisted reproduction,
including fertilization, blastula formation, pregnancy rates, and live birth rates. Because

seminal leucocytes are thought to be the primary producers of reactive oxygen species
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(ROS), which cause subsequent inflammatory processes and stromal cell death (SDF)
(Hatef et al. 2017), a significant amount of research has been done to investigate the effect
that they have on the integrity of DNA. Leucocyte spermia has been shown to have a
detrimental impact on the integrity of the sperm chromatin by a number of authors, in
addition to a significant increase in SDF in leucocyte sperm samples (Zandieh et al.
2018). This finding was made possible by the fact that leucocyte spermia causes a
significant increase in SDF in leucocyte sperm samples. Men who had higher levels of
seminal leucocytes also had greater sperm chromatin damage. Leucocytospermia, on the
other hand, had very little of an impact on DNA impairment, as reported by Moskovtsev
et al. (2007). They came to the conclusion that leucocytes may not have as significant an
impact on the pathology of SDF as had been previously believed. This lack of correlation
between SDF and the volume of seminal leucocytes has been independently verified by
three separate groups of researchers (Petersen et al. 2018). In addition to the production
of reactive oxygen species (ROS), seminal leucocytes are capable of producing a wide
variety of pro-inflammatory cytokines (Zeinali et al. 2017). Two of these cytokines, IL-
6 and IL-8, are thought to be possible indicators of male infertility. Several studies have
been conducted to investigate the effect that these cytokines have on the structure of DNA
chromatin, but the results are inconclusive. In an in vitro study, the combination of 1L-6
and IL-8 led to an increase in DNA strand breaks (Aghazarian et al. 2019). Other
researchers contested the correlation between elevated levels of IL-6 and impaired sperm
chromatin that was discovered in vivo. In addition, a comprehensive search of the relevant
literature revealed that no in vivo studies had been conducted to investigate the link
between IL-8 and DNA fragmentation. The process of spermatogenesis and the
maturation of the epididymis are responsible for the development of sperm
characteristics, especially concentration, motility, and shape. The relationship between
typical sperm parameters and DNA integrity is a hotly debated topic (Elbashir et al.
2018). This is due to the fact that the development of sperm characteristics is dependent
on the maturation of the epididymis. DNA fragmentation is viewed as an independent
measure of male fertility, independent of conventional sperm parameters, despite the fact
that some authors support the idea that chromatin impairment is attributed to

compromised conventional sperm parameters. DNA fragmentation is viewed as an
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independent measure of male fertility, independent of conventional sperm parameters
(Santi et al. 2020).

2.8 IL-8 and Male Infertility

Inflammation is facilitated by the chemokine CXC-chemokine interleukin-8 (IL-8), also
known as CXCL8 (Alfaro et al. 2017). The large family of chemokines is composed of
small cytokines that share four conserved cysteine residues and are linked together by
disulfide bonds. The first two cysteines, which are either adjacent in CC chemokines or
separated by one amino acid in CXC chemokines, serve as a defining characteristic
between the two subfamilies of chemokines (Saxena and Singh 2021). In CC chemokines,
the first two cysteines are adjacent, while in CXC chemokines, the first two cysteines are
either adjacent or separated. On chromosome 4, humans have a cluster of CXC chemokine
genes, and on chromosome 17, humans have a cluster of CC chemokine genes. The
transcription of the I1L-8 gene results in the production of a protein that contains 99 amino
acids (Nguyen et al. 2017). This protein is then processed, resulting in the production of
a protein that contains 77 amino acids in non-immune cells and 72 amino acids in
monocytes and macrophages, both of which are capable of signaling. Although other
hormone-responsive elements and NF-IL-6 consensus sites have been characterized on
the 1L-8 gene promoter, the primary transcriptional regulators of IL-8 expression are
activating proteins and/or nuclear Factor-B-mediated transcriptional activity (Kujundzi¢
et al. 2019). This is the case despite the fact that the IL-8 gene promoter has been studied.
Accordingly, it has been demonstrated that a wide variety of stimuli, including
inflammatory signals (such as tumor necrosis factor and IL-1), chemical and
environmental stressors (such as exposure to chemotherapeutic agents and hypoxia), and
steroid hormones (e.g., androgens, estrogens, and dexamethasone), can all affect the

amount of IL-8 that is expressed in a cell (Harshman et al. 2020).

The first CXC chemokines for which a three-dimensional structure has been determined
are platelet factor four (PF4) and IL-8. In their monomeric structures, they each have an
NH2-terminal loop, three antiparallel strands connected by loops, and a COOH-terminal

helix. IL-8 is capable of forming globular dimers in a solution (Williamson 2018). These
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dimers are composed of two antiparallel helices that cross a six-stranded antiparallel sheet
(composed of the three strands of each subunit) (Ciudad et al. 2020). It is generally
assumed that the dimer is the biologically relevant form because most chemokines exist
in solution as dimers, and this practice will continue until it is demonstrated that IL-8 can
function as a monomer. In spite of the fact that biological activities can be observed at
concentrations as low as nanomolar, the dissociation constants are almost always found
in the micromolar range (Garnier et al. 2017). Data from size exclusion high-performance
liquid chromatography (HPLC), analytical ultracentrifugation, chemical cross-linking,
and titration microcalorimetry provide support for the conclusion that IL-8 occurs
primarily as a monomer at physiological concentrations. This conclusion was drawn

based on the findings of the previous three methods (Schiinemann et al. 2019).

Chemokines exert their effects through membrane receptors that contain seven trans The
binding of two G protein-coupled receptors on the surface of cells, known as CXCR1 and
CXCR?2, is the mechanism by which IL-8 exerts its biological effects (Sharma et al.
2018). It is possible that gene duplication led to the development of these receptors
because of the striking structural similarity between them. Signals are transmitted across
the membrane as a result of ligand-induced conformational changes (Lister et al. 2017).
These changes expose epitopes on the intracellular loops and carboxyl-terminal tail of the
receptor, which encourage coupling to functional heterotrimeric G proteins. In the past,
researchers have found that the presence of pertussis toxin dampens the chemotactic
response induced by CXC chemokine (Petri and Sanz 2018). This finding suggests that
G is the primary G protein that is coupled to this family of receptors. On the other hand,
the fact that some responses induced by IL-8 are not sensitive to pertussis toxin suggests
that these receptors may couple to and activate additional G proteins that are not well
understood at this time. It is possible that the promiscuous G protein coupling is caused
by the differential cell-specific expression of the G proteins, which disrupts the affinity-
based equilibrium that is established between the receptors and the intracellular pool of
G proteins (Peterson and Luttrell 2017). On the basis of the expanding knowledge of the
role that G subunits play in the process of signaling to primary effectors and the discovery
that G protein-coupled receptors can also signal through additional non-G protein-
dependent pathways, it is also possible to comprehend the various signaling pathways
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that are activated by CXCR1 and CXCR2. Both of these factors make it possible to
comprehend the various signaling pathways that are activated by CXCR1 and CXCR2
(Meng et al. 2020).

Neutrophils include both the CXCR1 and CXCR2 receptors. The amino acid sequences
of the two sets of genes are 77% identical and are situated near one another on
chromosome 2q35. These two receptors show that the pharmacology of ligand binding
differs dramatically between CXCR1 and CXCR2 (Yang et al. 2022). CXCR1 receptors
do not become operational until after IL-8 and granulocyte chemotactic protein-2 have
first bound to them. On the other hand, CXCR2 can be activated by a variety of CXC
chemokines, such as the neutrophil-activating peptide, granulocyte chemotactic protein-
2, growth-related oncogenes (GRO), and GRO (Alsharidah et al. 2017).

Even though monocytes, basophils, and eosinophils possess IL-8 receptors as well, their
reaction to I1L-8 is significantly less intense than that of neutrophils. The Northern blotting
method did not find any T lymphocytes without either of the IL-8 receptors. This suggests
that their levels of expression may be low (Wang et al. 2019). It was determined through
fluorescence-activated cell sorting (FACS) analysis and the use of monoclonal antibodies
that CXCR1 and CXCR2 are present on all neutrophils and monocytes but only on a small
percentage of lymphocytes. This information was obtained from the study. They are not
found in CD4" T cells or B cells, but they are found in NK cells and CD8" T cells, albeit

in very low concentrations (Nicolai et al. 2020).

Depending on the function of the target cell, the pleiotropic effects of pro-inflammatory
cytokines can act in one of three different ways: synergistically, additively, or
antagonistically. 1L-8 encourages the development of inflammatory reactions by
collaborating with IL-1 to promote neutrophil activation, phagocytosis, and the removal
of bacteria at the site of inflammation (Zeng et al. 2019). There are many different types
of cells that are capable of secreting IL-8. Some of these cell types include activated T
lymphocytes, monocytes, neutrophils, eosinophils, fibroblasts, synovial cells, adipocytes,

endothelial, epithelial, and keratinocyte cells (Kitala et al. 2019). In addition to its primary
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function, which is to activate neutrophils by drawing them to sites of inflammation, it also
has a potent pro-antigenic effect on basophils and T cells (Kitala et al. 2019).

2.9 IGF-1and Sperm DNA Fragmentation

It is possible to improve fertilization through the manipulation of sperm both in vivo and
in vitro, as well as through the manipulation of spermatozoa for clinical IVF (Beirdo et
al. 2019). One method for controlling the behavior of sperm is called the centrifugation
of spermatozoa. During the process of spermatozoa capacitation, which is both
biochemical and physiological, a number of complex reactions take place. During the
capacitation process, events such as the activation of enzymes, the motility of
spermatozoa, and the modification and characterization of membranes take place
(Gautam et al. 2019). One of the disadvantages of centrifuging the sperm is that it leads
to an increase in the production of ROS by the spermatozoa. The increase in ROS
production that occurs after centrifugation is thought to be the result of a complex process
that can be caused by chemical reactions that take place either within or outside of the
organelles of the cell. In addition to their role in the fusion of spermatozoa and oocytes,
reactive oxygen species are also critically important in the induction of hyperactivity and
capacitation, as well as the acrosome reaction (Mahajan et al. 2022). However, when
there is an abundance of ROS, the antioxidant defense mechanisms in spermatozoa and
seminal plasma are unable to combat their effects. As a result of this excess, DNA chain
reactions will be stopped, glycolytic enzymes will become inactive, fatty acids,
particularly polyunsaturated fatty acids, which are crucial components of the
phospholipid layer of the sperm membrane, will be damaged, sperm motility will be
reduced, and sperm will eventually die (Nowicka-Bauer and Nixon 2020).

The building blocks of sperm are called spermatozoa, and they are found suspended in a
fluid medium called seminal plasma. A fluid called seminal plasma, which is complex
fluid, mediates the chemical function of the ejaculate (Morgan and Watkins 2020).
Insulin-like growth factor (IGF-1) is one of the components that can be found in seminal
plasma. It has been hypothesized that this growth factor plays a direct or indirect role in

the processes of steroid genesis and spermatogenesis in the testes and that the
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dysregulation of this process is one of the contributing factors to male infertility. A protein
known as the IGF-1 complex can be found in seminal plasma. IGF-I stands for insulin-
like growth factor I (Van Doorn 2020).

A complex consisting of three different protein molecules is produced whenever insulin-
like growth Factor-1 binds to an insulin-like growth factor-binding protein. A single
molecule of insulin-like growth Factor-I (subunit) with a molecular weight of 7.6 kDa, a
single molecule of insulin-like growth factor binding protein (subunit) with a molecular
weight of 53 kDa, and a single molecule of an acid-labile subunit (subunit) with a
molecular weight of 53 kDa are all components of this complex (Yan et al. 2017). The
acid-labile subunit that associates with IGF-I contributes to an increase in molecular
weight by imparting a complicated function to the bond that exists between IGF and IGF-
3. Seminal plasma, which is produced by Leyden and Sterol cells in the testes, has been
found to contain IGF-I. These cells are responsible for its production. Reports indicate
that the growth factor IGF-I plays a significant role in the motility of spermatozoa as well

as the maturation and development of germ cells (Castro-Arnau et al. 2022).

43



3. MATERIALS AND METHODS

3.1 Study Subjects

This prospective study was carried out between November 2021 and February 2022. In
addition to the Toxicity Consultation Center and the Specialist Surgeries Hospital, the
Kamal al-Samarea Hospital can be found within Baghdad's Medical City. It is generally
agreed that these two hospitals are among the most important medical facilities in all of
Baghdad. After taking out all of the patients whose seminal fluid parameters were already
within the normal range and all of the office workers, this study included a total of 120
males with abnormal seminal fluid analyses, military workers, and atypical body forms.
Patients with atypical body types were more likely to have abnormal seminal fluid
analyses than patients with typical body types. They were split up into two groups, one
for the patients and one for the controls; a spot in one of the groups was allotted to each
individual patient. The age range of the male patients in the patient group was from 19 to
51 years old, and there were a total of 80 male patients. These patients were separated
into two subgroups: fifty patients with newly diagnosed primary infertility and thirty
patients with secondary infertility. Both groups of patients had been attempting to
conceive for a period of two years. Before collecting the samples for the study, seminal
fluid analysis (also known as SFA) was performed on each individual patient because the
patients who took part in the research project all had abnormalities in the characteristics
of their seminal fluid. Forty healthy males with a family size of at least two children and
no known history of any kind of systemic issue were recruited for the purpose of acting
as a control group for the study. Every patient was given a questionnaire case sheet, which
was then filled out with the patient's age, occupation, infertility type, infertility time,
environment, surgical history, smoking history, and a report on the patient's previous
medical history. The questionnaire case sheets were then given back to the patients. In

addition, a report on the examination of the seminal fluid was provided to every patient.
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3.1.1 Sample collection

Following the collection of 5 milliliters of venous blood from each patient, the blood was
placed in a gel tube, allowed to coagulate, and then centrifuged at a rate of 3000
revolutions per minute for a period of 5 minutes in order to obtain blood sera. After that,
the blood sera were poured into tiny tubes, labeled, and put in a freezer at a temperature

of -20 degrees Celsius until it was time to measure the amounts of IL-8 and IGF-1.

3.2 Materials

3.2.1 Instruments

The instruments used in the study are shown in Table 3.1.

Table 3.1 List of instruments

Instrument Company Country
ELISA instrument BIOTEK USA
Centrifuge Kokusan Japan
Incubator Yamato Japan
Shaker TKA Italy
Deep freezer (-20°C) Electrolux England
Refrigerator Dynex Turkey
Mglomy China China
Microscope Novel China
Disposable syringes AFCO Jordan
Eppendrof tubes Local Iraq
Glass slides Local USA
Tips (different size)

Urine specimen cup

3.2.2 Reagents

The reagents used in the study are shown in Table 3.2.
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Table 3.2 List of kits and reagents

Kit and reagent Company Country

IL-8 kit Biomerieux France

IGF-1 China China

Aniline Blue Sigma-Aldrich Chemie USA
3.3 Methods

3.3.1 Assessment of I1L-8

The frozen serum was thawed at room temperature to measure the IL-8 by using an
ELISA instrument.

Principle of ELISA;

The fundamental principle of the test was carried out using a commonly available kit and

the quantitative sandwich enzyme immunoassay method.

The kit we employ is based on the Enzyme-Linked Immunosorbent Assay (ELISA), a

technology based on a biotin double antibody sandwich.

The wells had previously been pre-coated with an IL-8 monoclonal antibody. After
adding IL-8 to the wells, the plates were incubated. Next, biotin-tagged IL-8 antibodies
were added so they could combine with streptavidin-HPR to form an immunological
complex. The plates were then washed to remove any unbound enzymes. This was done

to make sure that there were no unattached enzymes.

After that, substrates A and B were introduced, and the complex then underwent an acidic

reaction, which caused it to change color from purple to yellow.

46



3.3.2 Assessment of IGF-1

IGF-1 measurements were made using the meglomy device.

3.3.3 Detection of DFI (DNA fragmentation index)

It took 10 microns of sperm fluid that had been liquified and dispersed over the slide,
followed by 3-5 minutes of drying time, in order to fix the sperm that were already present
on the slide. After that, the slide was cooked in a 4% formalin solution for 25 minutes in

a special cooker.

After the allotted 25 minutes had elapsed, the slide was removed from the formalin and
set aside to dry. After the slide was allowed to dry completely, it was immersed in pigment

(aniline blue) for five minutes.

After five minutes, the slide was lightly burned to remove excess pigment and set aside

to dry before moving on to the next reading.

3.4 Statistical Analysis

The data were initially pre-coded before being entered into a computer running version
18 of the Statistical Package for Social Science software. This enabled statistical analysis
to be performed on the data (using SPSS). In order to construct a summary of the data,
we made use of the mean as well as the standard deviation. For the purpose of doing group
comparisons, the independent sample t-test was utilized, and it was applied to the
quantitative variables in question. For the purpose of determining the degree of
relationship between the various variables, Pearson correlation coefficients were

computed (Source: SPSS Inc., Chicago, lllinois, United States).

The comparison of significance (p-value) in any test was considered as follows:
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e P value<0.05 was considered statistically significant (S)
e P value<0.01 was considered highly significant (HS)

e P value>0.05 was considered non-significant (NS)
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4. RESULTS AND DISCUSSION

It has been shown that variations in the levels of IGF-I found in seminal plasma can have
an effect on the stimuli for the growth and maturation of germ cells as well as the motility
of spermatozoa. As a result, the objective of this research was to investigate the viability
of employing the insulin-like growth factor | (IGF-1) complex in order to improve the
quality of sperm that had previously been incubated (Malivindi et al. 2018) (Table 4.1).

Table 4.1 Analysis of the parameters with comparisons between the various groups

Group Mean + SE

DFI IL-8 IGF-1
Control 15.80+0.85b 50.45+3.06 49.55+3.58 a
Teratospermia 52.85+2.58 a 44.87 £3.47 7.12+0.52 b
Astenosprmia 56.32+2.68 a 52.50 £2.86 8.67+0.67b
LSD value 6.180 ** 8.809 NS 5.951 **
P-value 0.0001 0.211 0.0001

Significant differences were found between the means having different letters in the same
column (P<0.01)

Averages that carry different letters differ significantly, and averages that carry similar letters
do not differ significantly. The highest average takes the letter a, and so on downward. If there
is an average, it takes two letters, such as ab. This does not differ from the average that carries
a or from the average that carries b.

4.1 The Distribution of IL-8 Among Study Group

The median levels of IL-8 in astenospermia were 52.50+2.86, whereas they were
44.8743.47 1n teratospermia and 50.45+3.06 in comparison to the control group, with a

non-significant relationship (p-value of 0.211), as shown in Figure 4.1.
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IL-8

Control Teratospermia  Astenosprmia

Figure 4.1 Comparison between difference groups in IL-8

4.2 The Distribution of DFI Among Study Group

The mean DFI in asthenospermia was 56.32+2.68, while the mean DFI in teratospermia
was 52.85+2.58 and 15.80+0.85 compared to the control group, a non-significant

relationship with a p-value of 0.0001, as shown in Figure 4.2.
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DFI

Control Group Teratospermia Astenosprmia

Figure 4.2 Comparison between difference groups in DFI

4.3 The Distribution of IGF-1 Among Study Group
The mean IGF-1 was 8.67+0.67 in asthenospermia, 7.12+0.52 in teratospermia, and

49.5543.58 compared to the control group, a non-significant association with a p-value

of 0.0001, as shown in Figure 4.3
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IGF-1

Control Group Teratospermia Astenosprmia

Figure 4.3 Comparison between difference groups in IGF-1

4.4 Discussion

Sperm DNA fragmentation, which can also result in abnormal embryo quality and lower
conception rates, may have an impact on male fertility. Reactive oxygen species, aberrant
chromatin packing, and apoptosis are some of the factors that contribute to fragmentation.
The maturity of the oocyte and the mother's age are two variables that affect the ability

of oocytes to repair damage. Our results suggest that DNA fragmentation affects.

IL-8 is a type of protein that plays a role in inflammation and the immune response.
Elevated levels of IL-8 in sperm have been linked to teratospermia and other types of
male infertility, according to research. The mechanism by which IL-8 influences sperm
shape may involve oxidative stress and inflammation, both of which can alter sperm

function and structure (Luo et al. 2018).

IGF is a hormone-like substance that plays an important role in cell growth and
development regulation. It has a similar structure to insulin and acts on cells in the same
way, promoting cell proliferation and inhibiting apoptosis (cell death). White blood cells
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(WBC), primarily macrophages, produce inflammatory cytokines in response to foreign
antigens and pathogens (infection challenge) and also in chronic inflammation
(immunological activation). Acute and chronic infections may contribute to male
infertility. However, the clinical significance of a silent infection in asymptomatic
patients is unclear. Furthermore, the interpretation of the markers commonly used for
diagnosis is debatable, such as the role of seminal leukocytes and clinically significant
thresholds.

Even though there wasn't a statistically significant difference, IL-8 levels were much
higher in samples from oligozoospermic men whose sperm were less mobile and had a
lower total number of mobile sperm. Standard morphology, viability, or seminal plasma

fructose concentration had no relationship.

Higher IL-8 levels were linked to decreased sperm motility and a lower total motile sperm
count, but not to other factors like standard morphology, viability, or seminal plasma

fructose concentration.

There is a strong link between the number of leukocytes and the amount of IL-8 in sperm
and in the seminal fluid. High levels of IL-8 were found in 52.5% of samples with high
leukocyte ratios, and the median levels of IL-8 in samples with leukocytospermia were
four times higher. Low IL-8 levels did not result in There was also a link between IL-8
concentrations and the total number of leukocytes in the ejaculate. Also, leukocyte
screening results showed a significant correlation with IL-8 concentrations in seminal

fluid, with positive paper strip testing in 30.3% of samples with high IL-8.

IL-8 levels in seminal fluid did not correlate with testicular volume, consistency, or
previous genital trauma, surgery, mumps, etc. IL-8 concentrations were higher in patients
who had previously had genital tract infections, but the differences were not statistically
significant. The duration of infertility, as well as stress related to work or infertility, had
no significant association with IL-8 concentrations. Patients reporting occasional sexual

dysfunction had a slightly higher frequency of high IL-8 concentrations, but this was not
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statistically significant. Finally, there was no statistically significant relationship between
IL-8 concentration and male age.

The amount of IL-8 in the seminal plasma was linked to the number of leukocytes in the
seminal fluid and to some clinically important measures of sperm quality, but not to the
results of sperm cultures. All testing was performed under standardized conditions, and
the same individuals performed functional assays. The investigators were not aware of
the IL results throughout the study, which allowed for the exclusion of inter-observer

variations.

Cytokines rarely act in isolation, and the concentrations of IL-8 in the seminal fluid were
much higher compared to serum concentrations. The concentrations of IL-8 were
significantly related and were within a wide inter-individual range. However, the results
of this study and other studies are limited by the one-point determination of these

interleukins.

These results were consistent with the findings of a previous review. Testing was done in
a controlled environment. After at least five days of sexual abstinence, all ejaculates were
collected in the hospital early in the morning (between 7:00 and 9:00), and they were all
immediately analyzed after liquefaction. Antibiotics were not administered to any of the
guys while the trial was ongoing. The same persons (R.B. and M.H.) carried out
functional studies including sperm movement testing, SCMPT, immunocytochemical
round cell differentiation, and radial immunodiffusion. Since neither researcher was
aware of the IL outcomes during the entire investigation, any inter-observer differences
could be ruled out (Humar et al. 1999).

Cytokines rarely act in isolation in cytokine networks, and the concentrations of IL-8 in
the seminal fluid were much higher than in serum. The concentrations of IL-8 were
significantly interrelated and varied greatly between individuals. The results of this and
other studies, though, are limited by the fact that these interleukins were only measured

at one point. Future research will need to show intra-individual variation over a longer
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period of time as well as possible factors that could affect the results. Populations of
cytokine-soluble receptors must also be considered.

Cytokines may also be involved in the regulation of sperm motility and capacitation, as
well as sperm-female genital tract interaction. For example, it has been demonstrated that
IL-8 increases sperm motility and has a chemotactic effect on spermatozoa. These
findings imply that cytokines may play a role in male fertility in addition to their role in

the immune system.

The results of some studies have shown that Strong polypeptides called cytokines are
generated by inflammatory cells as components of the host response. Numerous cell
types, including neutrophils, T cells, and monocytes and macrophages, can release 1L-8
in response to a range of signals, which are usually triggered by infection or injury.
According to multiple studies (Rees 1992, Rutanen 1993, Fiocchi et al. 1994, Galley and
Webster 1996, Grimm et al. 1996, Henderson et al. 1996, Sharkey 1998), they are
important mediators of a variety of physiological and pathological processes. Allograft
rejection also involves cytokines. Major depression has been linked to an increased
production of several pro-inflammatory cytokines during immunological responses
(Maes et al. 1997). The production of cytokines is also significantly influenced by genetic
variables (Westendorp et al. 1997).

Overall, the complex and multifactorial nature of male infertility makes determining the

precise role of cytokines in the pathogenesis of this condition difficult.

Furthermore, the development of new techniques for detecting and measuring sperm
cytokines may provide new insights into the mechanisms underlying male infertility,

leading the way to the development of novel diagnostic and therapeutic strategies.

Chronic exposure to I1L-8 can make these receptors less sensitive, which can change how
leukocytes move in response to chemicals and could make you more likely to get sick.

IL-8 also attracts lymphocyte populations to the site of emission, which can influence the
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immune response and potentially contribute to tumor development and antitumor

response suppression.

Insulin-like growth factor (IGF) has been shown to increase testosterone production,
increase the number of LH receptors in Leydig cells, promote thymidine inclusion in
Sertoli cell DNA, control glucose and lactate metabolism in Sertoli cells, and stimulate
the production of plasminogen activator in Sertoli cells. Moreover, IGF is required for
the survival of the Sertoli population as well as the development, formation, and migration
of germ cells (Qin and Xu 2022).

The insulin growth factor family, which includes insulin and insulin-like growth factors
I and 11, is critical for controlling growth, metabolism, and reproduction. The insulin/IGF
system regulates cell growth, proliferation, differentiation, and survival in nearly every
organ and system in the body, including testis development and function. Local gonadal
factors like the insulin/IGF family influence reproductive performance, and IGF signaling
is essential for both body growth and development and reproductive function.

Low IGF-1 levels have been linked to poor sperm morphology and motility. Growth
hormone and IGF-1 have been shown in lab animals and humans to influence Sertoli cell
proliferation and testicular volume, both of which are associated with sperm output. More
research is needed, however, to determine the exact mechanism of action of IGF-1 on

spermatogenesis.

While IGF-1 has been shown to impair human sperm motility in vitro, growth hormone
treatment has been shown to increase seminal plasma IGF-1 and sperm motility in males
suffering from infertility. IGF-1 production stimulates spermatozoa maturation in a
paracrine or autocrine manner, increasing sperm motility and IGF-1 levels that correlate

linearly and significantly with total sperm count.

The correlation between serum or seminal IGF-1 and semen quality has only been

examined in a small number of studies. The lowest mean and median values of seminal
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IGF-1 were seen in the studies' male subjects who were infertile because of oligospermia.
These levels were considerably different from those in the immuno-infertile group, the
fertile group, and the other subgroups of male-factor infertiles. These results imply that
oligospermia and decreased seminal IGF-1 levels are related (Colombo and Naz 1999,
Qin and Xu 2022). In this investigation, we did find a significant association between
semen parameters and the serum level of IGF-1; however, we did not notice a significant

relationship between semen parameters and seminal IGF-1.

Male smokers have been found to have lower amounts of IGF-1 in their seminal fluid and
morphologically normal sperm. Particularly, infertile smokers, infertile nonsmokers,
fertile smokers, and control participants had the lowest seminal IGF-1 values (Hassan et
al. 2009). These results suggest that smoking and infertility are linked to decreased IGF-
1.

Additionally, it has been demonstrated that seminal IGF-1 significantly positively
correlates with the quantity of rapidly moving and motile spermatozoa (Lee et al. 1995).
In a paracrine or autocrine mechanism, IGF-1 synthesis promotes spermatozoa
maturation, improving sperm motility. So, in male Germ cells, IGF-1 might serve as a
differentiation marker. Additionally, Colombo and Naz (2020) demonstrated a substantial
linear association between the seminal IGF-1 level and the overall sperm count. Despite
being indirectly examined in the current study; group D's sperm count is indirectly
considered. We saw lower seminal IGF-1 levels in this group, which is consistent with
earlier studies, but the difference was not statistically significant. The people in the
normal sperm parameter group were also male patients who were infertile, which poses a

drawback to this study's analysis of IGF-1 levels.

We discovered that, when compared to the normal group, the groups with aberrant sperm
parameters had considerably lower serum IGF-1 levels. However, the groups examined
here did not significantly differ in terms of seminal plasma IGF-1 levels. To pinpoint the
precise mechanisms by which GH and IGF-1 affect fertility, more research is necessary.
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5. CONCLUSIONS AND RECOMMENDATION

5.1 Conclusions

Sperm DNA fragmentation, which can lead to suboptimal embryo quality and lower
conception rates, may have an effect on male fertility. Aploches, abnormal chromatin
packing, reactive oxygen species, and others are some of the elements that cause
fragmentation. Our findings imply that DNA fragmentation had an impact.

Although there was no statistically significant difference, IL-8 concentrations in
oligozoospermic men were considerably greater in samples with lower motility and a

lower total motile sperm count.

Additionally, cytokines may regulate sperm-female genital tract contact as well as sperm
motility and capacitation. IL-8, for instance, has been shown to improve sperm motility

and have a chemotactic effect on spermatozoa.

In a paracrine/autocrine mechanism, IGF-1 synthesis promotes spermatozoa maturation,

and IGF-1 levels that significantly and linearly correspond to total sperm count.

5.2 Recommendation

Men experiencing infertility should seek out specialized medical professionals and follow

their instructions, recommendations, and treatments in order to overcome the condition.

Alternatively, exposure to pollutants and treatments that have detrimental effects on
sperm or weaken the male reproductive system can potentially result in the absence of

sperm production.

Men who have a background of pollutant exposure or have been assessed to have a

changeable lifestyle risk factor should be given the opportunity for Sperm DNA
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Fragmentation (SDF) testing. This test can help predict fertility potential, emphasize the
importance of lifestyle modifications (such as quitting smoking and receiving antioxidant

therapy), and monitor the patient's response to treatment.
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