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Summary
It is clear that the integrity of sperm is critical for the correct transfer of

genetic materials to future generations and the integrity of the sperm is responsible
for fertilization. The reactive oxygen species are important signalling molecules in
physiological processes, perhaps it also plays a role in pathological processes
involving the reproductive system and reproduction if present in excessive
guantities. Antioxidants are chemicals that lessen or prevent the effects of free
radicals, thereby reducing their reactivity. Measurement of antioxidant indices of
semen is used in the evaluation and the detection of the biochemical causes of male
infertility.

The main purpose of this study was to identify Biomarkers that aid in the
diagnosis and monitoring of male reproductive capacity. this study performed The
antioxidant assessment in seminal plasma, heat shock protein 70 and Galectin-3
binding protein, clinical status, and the lifestyle of people with reproductive
problems.

A case control study was conducted on 119 semen samples, 31men with
asthenozoospermia, 28 men with oligoasthenozoospermia, while another 60
healthy controls. Semen samples were collected from Iraqgi patients who attended
infertility clinics for infertility diagnosis and assisted reproductive technologies in
Karbala for the period between November 2021 and May 2022 .

All participants' questionnaire responses were put on a data sheet and given a
serial identity number. Errors were prevented by using multiple entries. The
Statistical Package for the Social Sciences, version 28.0, was used to create the
data analysis for this project (IBM, SPSS, Chicago, lllinois, USA). On the
participant data from each group, descriptive statistics were run. Mean SD was
used to illustrate values for continuous variables. The Shapiro test was used to

examine the data distribution. Odds ratios (ORs) and a 95% Confidence Interval
X1



Range, which were computed using a no conditional logistic regression, were used
to estimate the connection between the components that had been examined.
Analytical statistical tests were used to confirm that there were significant
variations in categorical variables between the parameters. Results of every
hypothesis test with a two-sided p-value of 0.05 or lower were deemed statistically
significant

The average semen total antioxidant level showed the highest level in the
control group (3.53+0.64U/ml), and the lowest level was associated with
oligoasthenozoospermia (1.88 £ 0.15 ng/l). The results of this study also showed
that the average level of heat shock protein 70, the lowest, was observed in the case
of the control group (40.17+1.94 ng/L) and the highest level was associated with a
decrease in oligoasthenozoospermia. 50.02 + 7.39 ng/L). As for the average rate of
Galectin-3 binding protein level, it was not statistically significant between the
control group and Asthenozoospermea and Oligoasthenozoospermia, Heat shock
protein 70 was associated with the total redox state of semen significant inverse
correlation

There is a correlation between heat shock protein 70 and total semen
antioxidants, and this indicates the importance of measuring each of them, in cases

of infertility and not being satisfied with one over the other.

X1V
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Chapter One Introduction and Literature Review

1. Infertility

Infertility is a worldwide reproductive health problem, which affects
approximately 15% of couples, with male factor infertility dominating nearly 50%
of the affected population (1). Approximately 48.5 million couples, experience
infertility worldwide. The half of cases of infertility 50% have been determined to
be caused by males, who are alone to blame for 20-30% of the cases. (2).

Some factors that determine the occurrence of pregnancy are the genomic
guality of the oocyte and sperm, implantation capability of the embryo and the
endometrial receptivity; Most biological systems depend on preservation of
equilibrium. Within the male reproductive system, oxidative harmony is crucial to
fertility, reactive oxygen species (ROS) make functional contributions at
appropriate concentrations, but quickly become destructive if left unchecked (3).
Oxidative stress, which arises from an unbalance between reactive oxygen species
and protective antioxidants, influences the entire reproductive lifespan of men and
women (4). Reactive oxygen species may act as key signalling molecules in
physiological processes, but in excess, uncontrolled levels may also mediate
pathological processes involving the reproductive tract/reproduction (5).

Galectin-3-binding protein (GAL-3BP) (is a secretory lectin in human seminal
plasma that is well known for its action on cell adhesion) (6). GAL-3BP is a lectin
that is transported to the surface of sperm during post-testicular maturation by
extracellular vesicles found in human seminal plasma, ejaculated spermatozoa, the
testis, and the epididymis. After that, sperm-bound galectin-3 is crucial for
spermatozoa—zona pellucid binding (7).

Heat shock protein 70 (HSP): (is a member of HSPs family, which is spread in
all living organisms, whether eukaryotic or prokaryotic) (8). (Hsp70) plays a
crucial part in boosting cells' tolerance to environmental changes and pathologic

circumstances in plasma sperm, protecting cells against cellular stress including
1
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heat stress (9). Members of the HSP70 family appear to be one of the key
molecules on the sperm cell membrane surface that are connected to several sperm

processes such capacitation, fertilization, and motility (10).

The aim of this study is to investigate the relationship between total antioxidants,
Galectin 3 binding protein and heat shock protein 70 for male infertility, and effect
of total antioxidants, Galectin 3 binding protein and heat shock protein 70 levels on

male infertility

1.1. Male Infertility
1.1.1. Definition

Infertility is described as the failure to get pregnant following a year of
routine, unprotected sexual activity (11). Regardless of the outcome, infertility can
be primary when there has never been a pregnancy or secondary when the male
was previously fertile, but is now unable to conceive. Primary and secondary
infertility affect 67%-71% and 29%-33%, respectively, of infertile people (12).
Male factor infertility contributes to about half of all cases of infertility and affects
around one in 20 men in the reproductive age group (13). Male infertility is
primarily caused by abnormalities in the semen and/or sperm parameters. These
abnormalities include reduced spermatozoa concentration (oligozoospermia),
decreased sperm motility (asthenozoospermia), decreased sperm vitality
(necrozoospermia), abnormal sperm morphology (teratozoospermia), complete
lack of semen with ejaculation (aspermia), and including the lack of spermatozoa

(azoospermia) (14).



Chapter One Introduction and Literature Review

1.1.2. The Causes of Male Infertility:
1.1.2-A- Pre-testicular factors

Pre-testicular factors include those that prevent the testicles from receiving
appropriate support, such as hypogonadism caused by a variety of conditions, such
as kallman syndrome, and include these conditions. Undiagnosed and untreated
celiac disease can also decrease semen quality and result in immature secondary
sex characteristics, hypogonadism, and hyperprolactinemia, which may cause
impotence and a decrease in libido. Obesity decreases Kissl expression, which
changes the release of gonadotropin-releasing hormone (GnRH) (15). It is advised
that both males and females should have their underlying celiac disease evaluated
as part of an effective screening for infertility. A number of medications, including
anabolic steroids, chemotherapy, cimetidine, phenytoin, spironolactone, and
sulfasalazine, may have an impact on the spermatogenesis process, lower follicle
stimulating hormone (FSH) levels, or significantly lower sperm motility, which

can have an impact on both the testicles and the pre-testicles (16).

1.1.2-B- Testicular factors

Infections of the testes, such as acute and chronic epididymo-orchitis that
are both specific and non-specific, cancers of the testis, surgical procedures on the
testes, congenital testicular issues, undescended testes/cryptorchidism, and
testicular injury from direct or indirect trauma or torsion are a few of the testicular
factors. Other factors include age, Y chromosome genetic abnormalities,
Klinefelter syndrome, measles, hydrocele, infection, and testicular exposure to
radiation therapy, chemotherapy, and other gonadotoxic medications and
chemicals (16); (17).
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1.1.2-C- Post-testicular factors

The post-testicular causes of infertility include obstruction or stricture of the ductal
system of the male reproductive tract (figure 1.1). In contrast with testicular
disorders, post-testicular abnormalities are commonly treatable. Thus, restoration

of fertility potential may be possible (18).

| - ‘ —>[Disorders of sperm/motility |

Obstruction

= CBAVD | ICS (Kartagener ) &
- Cystic Fibrosis J Maturation defects [€
. Congenital bluckagg_i I infscr i ]*.
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Cal Young's syndrome ] lnfections l(-

Cat IEO | Chlamydia trachomati

> APKD ] \Neisseria gonorrhoea
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| External compression ]

i Ureaplasma spp

| Infections ]

| Treponema pallidum

| Trauma ]

Viral infections <

> Acquired blockages | i

, latrogenic injuries ] i HPW
, Infections | i HSV
> Vasectomy | | HBV
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if Coital Disorders <
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Figure (1.1) Post-testicular causes of male infertility (18).

APKD adult polycystic kidney disease, BEDO bilateral ejaculatory duct obstruction, CBAVD
congenital bilateral absence of the vas deferens, CUAVD congenital unilateral absence of vas
deferens, IEO idiopathic epididymis obstruction, ICS immotile cilia syndrome, HPV human
papillomavirus, HSV herpes simplex virus, HBV hepatitis B virus, HCV hepatitis C virus,
HCMV human cytomegalovirus
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1.1.2. D- Immunological causes

The immune system plays an important role in infertility. Immunological
causes are responsible for more than 10% (4% to 15%) of infertility cases. Anti-
sperm antibodies (ASAS) are present in less than 2% of fertile and 10% of infertile
men (19). Anti-sperm antibodies which are immunoglobulins directed against
antigens of the sperm surface, Anti-sperm antibodies affect sperm function
impairment of sperm penetration into cervical mucus, inhibition of sperm
capacitation, incomplete acrosomal reaction, disruption of sperm-egg binding, and
disorder in egg fertilization (20). There are cases of anti-sperm antibody-associated

infertility, such as some varicocele cases, testicular torsion and inflammation (21).

1.2. Life Style Factors of Male Infertility
Alongside an increasing prevalence of couple and male infertility, evidence
suggests that there is a global declining trend in male fertility parameters over the
past few decades. This may, at least in part, be explained through detrimental
lifestyle practices and exposures. These include alcohol and tobacco consumption,
use of recreational drugs (e.g., cannabis, opioids and anabolic steroids), poor
nutritional habits, obesity and metabolic syndrome, genital heat stress (e.g.,
radiation exposure through cell phones and laptops, prolonged periods of sitting,
tight-fitting underwear and recurrent hot baths or saunas) (figurl.2), exposure to
endocrine-disrupting chemicals (e.g., pesticide residue) and psychological stress
(22).
Common mechanisms associated with a reduction in spermatogenesis and/
or steroidogenesis due to unfavourable lifestyle practices include inflammation and
oxidative stress locally or systemically. It is recommended that relevant lifestyle

practices are investigated in clinical history of male infertility cases, particularly in
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unexplained or idiopathic male infertility. Appropriate modification of detrimental

lifestyle practices is further suggested and recommended in the management of

@

y @

Tobacco
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4 LH and FSH
Alcohol Recreational drugs

Leydig cells Sertoli cells
s 2\ and
Obesity :‘> ® @ seminiferous Caffeine
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/\
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¥ Sperm count
¥ Sperm motility \
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¥ Antioxidants x
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Radiation Endocrine disruptors

Psychological
stress

Figure (1.2) Lifestyle factors and their effects on male fertility (22).
FSH, follicle-stimulating hormone; LH, luteinizing hormone; ROS, reactive oxygen species
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A- Smoking

In the US, roughly 21% of men of reproductive age consume tobacco
frequently, Smoking exposes guys to around 4,700 potentially mutagenic
substances, mainly polycyclic aromatic hydrocarbons among other hazardous
chemicals, which have a negative impact on fertility and fecundity. However, the
effect on male reproduction is typically overlooked (23). In moderate and heavy
smokers, oligozoospermia, asthenozoospermia, and teratozoospermia are
frequently observed (24).

Negative effects of smoking on sperm parameters that include reduced
sperm concentration, motility and vitality, increased abnormal morphology,
seminal leucocyte concentration and DNA fragmentation, alongside reduced
capacitation and acrosome reactions (25). Smoking induces oxidative stress in the
testes, affecting spermatogenesis and steroidogenesis, this leads to impaired
chromatin DNA integrity, oocyte binding, as well as epigenetic modifications
transmitted to the next generation (25). By altering the physiological epigenetic
regulation, paternal smoking increases the risk of genetic disease, malformation

and cancer in the progeny (27).

B- Alcohol

The parameters of spermatogenesis and semen, such as sperm concentration,
motility, and morphology, are adversely affected by acute or moderate (20-25
units per week) alcohol intake (26)(table 1.1). Only 12% of chronic alcoholic
males are found to have normozoospermia, compared to 37% of non-alcoholic
men, which is related with oligozoospermia, asthenozoospermia, and
teratozoospermia (27). Understanding of the effects of ethanol on the reproductive
system has been enhanced by studies in mice and rats. A long-term imbalance in

the oxidant/antioxidant ratio is caused by chronic exposure to ethanol, which
7
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causes oxidative stress and a decrease in enzymatic antioxidants. Apoptosis, DNA
fragmentation, and chromatin dissociation are associated with this (28). Chronic
alcohol intake is further correlated with epigenetic modulations and the transfer of
these modifications to the next generation, which is emerging as an important
contributor to alcohol-related fetal growth defects via modified paternal DNA
methylation (29).

C- Advanced Paternal Age (APA)

Male fertility generally starts to reduce around age 40 to 45 years when
sperm quality decreases. Age-related morphological changes in the testis, such as a
reduction in the number of germ cells, Leydig cells, and Sertoli cells, as well as
structural changes, such as the constriction of the seminiferous tubules, cause
men's testicular function and metabolism to decline. With advancing male age, free
and total testosterone concentrations slowly decline, resulting in primary
hypogonadism. As men age, ROS build up in their sex cells, causing oxidative
stress and sperm DNA damage. Additionally, it accelerated apoptosis in aged testes
(30).

D- Diet

Male fertility may be impacted by specific dietary factors, and there is
growing evidence linking poor semen quality to dietary elevation. High-fat diets
prevent conception by altering the sperm cells' physical and molecular makeup as
well as that of the developing fetus and offspring (31). Studies have suggested that
reproductive health can be enhanced by modification of dietary intakes such as
fruits and vegetables, legumes, and fish That associated with buffer sperm quality
(32); (33).
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E- Environmental Factors:

Temperature affects spermatogenesis, with the ideal temperature being roughly
2 degrees Celsius below body temperature. Genital heat stress (GHS), which is
exacerbated by elevated scrotal temperature, reduces spermatogenesis (34).
Workers may be at risk for heat stress and GHS due to occupational hazards like
high workplace temperatures (such as those found in the glass, foundry, and steel
industries, as well as in Kitchens, bakeries, and mines) (35). GHS negatively
correlates with semen quality and is considered a major contributor in male
infertility (34); (36).

The mechanism of GHS-induced spermatogenic impairments includes
induction of oxidative stress with high reactive oxygen species (ROS)
concentration and reduced antioxidants in the genital tract and ejaculate, sperm
chromatin disintegration, DNA fragmentation, sperm mitochondrial dysfunction
and increased rate of germ cell apoptosis (34).

Spermatozoa may be most susceptible to damage in the pre-meiotic stage at
which chromatin remains mostly unstable due to the ongoing processes of histone
modifications and hyper acetylation. This unstable chromatin may get easily

affected by increased genital heat and hinder sperm chromatin condensation (37).
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Table 1.1: Potential negative impact of various lifestyle factors on female and male
endocrine parameters of reproductive system (38).

Lifestyle Endocrine Proposed
Semen Parameters :
Factor Parameters Mechanisms
. LH
A Seminal A FSH o |mpaired
|Seg|l<:00ytes Prolactin spermatogenesis and
Estrogen steroidogenesis
Alcohol o Spermatogenic arrest
Consumption Concentration ¢ Impaired Leydig cell
il Apoptosis
{\/Aigtb“il|ti¥y Testosterone : Tgst?cular atrophy and
Progesterone
v Morphology N 0S
A Seminal
leukocytes
SDF o |mpaired
Tohcco spermatogenesis and
BoraiEbsn steroidogenesis
P Concentration Testosterone o Testicular OS
Motility * Hypoxia
Viability
Morphology
Cannabis, Concentration L e BT @i B
Opioids and Motility Testosiarane * mpfr::et X et
Anabolic Steroids Sperm functions Ll
. lc\l:n?;rgr):g:jcant impact e May increase
Caffeine * May increase sperm e Gl Not determined
molilt o May decrease LH
y and FSH

o May increase SDF

FSH, follicle-stimulating hormone; HPT axis, hypothalamic—pituitary—testicular axis; LH, luteinizing
hormone; OS, oxidative stress; SDF, sperm DNA fragmentation

10
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1.3 Seminal Fluid Analysis
The simplest method of evaluating male infertility is semen analysis, or SA.

At the moment, the standards outlined in the World Health Organization's(WHO)
laboratory manual for the examination and processing of human semen are used to
evaluate semen parameters (WHO 2010) (39); (40).

To improve the effectiveness and calibre of laboratory work, semen analysis
evaluates the descriptive characteristics of ejaculates primarily obtained by
masturbation in a suitable chronological order (41). The basic information on
which physicians base their initial diagnosis come from a male infertile patient's
sperm test (42). Even though, standard sperm concentration, motility, and
morphology measurements cannot cover the broad range of biological properties
that the spermatozoon exhibits as a highly specialized cell, they do reveal subtle
defects (43). However, there remain several limitations associated with the
conventional semen analysis in the assessment of male infertility (44). There have
been significant advances with the incorporation of recent developments in semen
examination techniques, methods of sperm preparation and cryopreservation, and
new technologies to improve quality control and assurance (45); (46). Recent
scientific advances in the understanding of sperm DNA fragmentation (SDF),
seminal oxidative stress (OS), and reactive oxygen species (ROS) testing have
shed additional light on the prognosis of reproductive outcomes in terms of natural

conception and assisted reproductive technology (ART) (47); (48).

1.4 Oxidative stress
Oxidative stress(OS) is defined as a disturbance in the balance between the

production of reactive oxygen species (free radicals) and antioxidant defences,
Sperm cells are vulnerable to ROS because of the abundance of polyunsaturated

fatty acids in their plasma membrane and cytoplasm (49). Intracellular ROS
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concentrations are determined by the balance between the rates of ROS production
and their rates of clearance by various antioxidant defines mechanisms. At normal
physiological levels, ROS regulate intracellular signalling cascades, thus mediating
essential physiological mechanisms such as sperm maturation, hyper activation,
capacitation, acrosome reaction, as well as fertilization (50).

Widely appearing literature data combining the topic of oxidative stress (OS)
with the problem of infertility constitute an evidence of a never-ending interest in
the subject (51). Increased levels of reactive oxygen species (ROS) harm nuclear
and mitochondrial DNA, raise the risk of male infertility, impair sperm motility,
and may even be the root cause of birth abnormalities in offspring (52). OS is
characterized by an imbalance between increased sperm injury caused by reactive
oxygen species (ROS) and the inability of anti- oxidative agents to remove these
(53).

World Health Organization recommends a seminogram in male fertility
evaluation, which is a general examination of semen; however, this does not
always enable the determination of the cause of infertility and spontaneous
abortions and pregnancy losses after in vitro procedures, after intracytoplasmic
sperm injection (ICSI). The quality of sperm and oocytes plays a decisive role in
the ICSI fertilization, in which OS may participate. It has been demonstrated that a
25% increase in ROS production in seminal fluid activates cellular response, OS
induction, and apoptosis in the p53-dependent pathway associated with inhibition
of natural antioxidants, such as GSH, superoxide dismutase (SOD), catalase
(CAT), or glutathione peroxidase (GPx). Increasing OS, co-accompanying other

overlapping factors, reduces the ability of sperm to reproduce (54).
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1.4.1. Reactive Oxygen Species (ROS)

In mammalian cells, both enzymatic and non-enzymatic processes can
produce reactive oxygen species (ROS) (55). The word reactive oxygen species
(ROS) involves the reduced form of oxygen and its reaction products with other
molecules. Reactive oxygen species (ROS) are highly reactive molecules that are
formed by the metabolism of oxygen. These may be free radicals or non-radicals.
Free radicals are molecules that contain at least one unpaired valence electron at
their outer shell, making them highly reactive and short lived (56). The most

important ROS radicals are: superoxide anion radical (O2"), hydroxyl radical
(OH"), alkyl radical (RO), lipid peroxide radical (ROO-), and hydro peroxy radical

(HOO). The non-radicals ROS are: hydrogen peroxide (H.O,), singlet oxygen
(O,), ozone (O3), organic peroxide (ROOH), and hypo-chlorous acid (HOCI) (57).
Both reactive oxygen species and reactive nitrogen species, when present in
physiological amount, have important roles in normal cellular functions such as
fighting against infection, regulating different intercellular signalling pathways,
facilitating normal maturation and fertilization in reproductive systems (58).
However when ROS are present at a high concentration, overwhelming antioxidant
defines system, oxidative stress (OS) results that lead to cellular dysfunction by
lipid peroxidation, protein and DNA damages (59). Owing to these damaging
effects on the cells, oxidative stress is associated with many pathological
conditions including infertility (60).

Reactive oxygen species found in seminal plasma originates from various
endogenous and exogenous sources, The two most important sources of ROS
production in males are Leukocytes and immature spermatozoa (61). Leukocytes

particularly neutrophils and macrophages are strongly associated with excessive

13
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ROS production leading to sperm dysfunction (62). It is not known at which point
the per oxidative damage to spermatozoa occurs, whether within semen (during the
time required for liquefaction), in the epididymis (where spermatozoa are stored
before ejaculation), or in the testis. By altering membrane integrity, ROS may
impair sperm motility and morphology and can lead to sperm cell death (63)figure
(1.4).
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Figure (1.3) Endogenous and exogenous sources of ROS (64).

Antioxidants are chemicals that lessen or prevent the effects of free radicals
they donate an electron to free radicals, thereby reducing their reactivity.
Antioxidants are highly concentrated in seminal plasma, protecting gametes from
ROS. The potential anti-ROS enzymes superoxide dismutase (SOD), catalase,
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glutathione peroxidase (GSH-Px), low molecular weight compounds (tocopherol, -

carotene, ascorbate, and urate), and transition metal chelators make up the total

antioxidant capacity of seminal plasma (transferrin, lactoferrin, ceruloplasmin)

(65). Antioxidant defines mechanisms are built into cells, controlling pro-oxidant

levels and shielding them from the harmful effects of free radicals. These defences

are categorized as follows:

Enzymatic antioxidants include superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GPx). SOD neutralizes O,", converting it
to H,O,, which is then decomposed to O, or alcohols by CAT and GPx,
respectively, with the synthesis of water (66).

Non-enzymatic antioxidants include vitamins (A, C and E), coenzymes Q10,
glutathione, B-carotene, selenium and zinc which act as cofactors for many
antioxidant enzymes (67). Redox proteins, on the other hand, are
structurally characterized by the presence of catalytic sites which can accept
or donate electrons (68).The ability to mediate the electron transfer makes
them key proteins in redox reactions occurring in several biological
processes. A classic example of a redox protein is thioredoxin (Trx) (69).
Zinc (Zn) is necessary for the normal function of the male reproductive
system and spermatozoa , Oxidative stress (OS) induced by reactive oxygen
species is likely as the main mechanism of zinc deficiency which is
associated with sperm DNA fragmentation, decrease in sperm membrane
integrity, apoptosis, depletion of antioxidants, and consequently poor sperm

quality and male infertility (70).

1.4.2 Effects of ROS on Different Sperm Functions

The effects of the ROS on the Sperm state are Functions and are divided into;

1.4.3.1. Physiological Effect
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Spermatozoa mature in the epididymis, where changes to the cell membrane,
protein rearrangements on the cell surface, and enzymatic and nuclear remodeling
all occur (71). Cellular signal transduction mechanisms that control this crucial
stage of sperm development are influenced by ROS concentrations (72). The
mammalian spermatozoon's chromosomal DNA is tightly packed because its
histones have been replaced by smaller-sized protamines. To ensure chromatin
stability, protamine cysteine residues form intra- and intermolecular disulfide
linkages. ROS may aid in the creation of disulfide bonds, ensuring chromatin
integrity and shielding DNA from harm. In order to protect mitochondria from
proteolytic degradation, peroxides may also help the proper formation of the
mitochondrial capsule, which is made up of protein network rich in disulfide bonds
(73); (74).

Hyper activation is a particular state of sperm motility characterized by high
amplitude, increased and asymmetric flagellar movement, elevated side-to-side,
sperm head displacement, along with non-linear motility (75) . It is considered to
be a part of capacitation and is required for successful sperm penetration of the
zonapellucida and fertilization. Reactive oxygen species has positive impacts on
the hyper activation processes in spermatozoa (76). The initiation process of
capacitation and hyper activation is induced by the influx of calcium (Ca?*) and
bicarbonate (HCOz"), probably by the inactivation of an ATP-dependent Ca?* -
regulatory channel (plasma membrane Ca,+ - ATPase, PMCa) and alkalization of
the cytosol. Calcium ions and ROS, specifically O%, lead to the activation of
adenylate cyclase, generating Cyclic Adenosine Monophosphate (CAMP) Figure
(1.4).

CAMP via Protein Kinase A (PKA) activation triggers NADPH oxidase and
thereby stimulates greater ROS generation. Protein tyrosine kinase (PTK) also

phosphorylates serine and tyrosine residues, which can also activate protein
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tyrosine kinase (PTK). Consequently, PTK triggers phosphorylation of tyrosine
residues in the fibrous sheath around the axoneme and the cytoskeleton of the
sperm flagellum. ROS, especially H,O,, elevate tyrosine phosphorylation by
inducing PTK and inhibiting phosphor tyrosine phosphatase (PTPase), which leads
to de-phosphorylation of tyrosine residues. The final step in the process of hyper
activation is presumably increased tyrosine phosphorylation (71). O% has been
observed to be the major ROS contributor to this ameliorating effect (77), (78).

The ultimate functional process in spermatozoal maturation needed for
making the sperm competent to fertilize an ovum is capacitation. The established
molecular pathway by which ROS facilitates capacitation is by triggering
intracellular cAMP levels inducing downstream PKA, which in turn
phosphorylates Mitogen-activated protein/extracellular signal-regulated Kkinase
kinase MEK (extracellular signal regulated kinase)-like proteins, threonine-
glutamate-tyrosine, and fibrous sheath proteins (79); (80). These signalling
cascades bring about final capacitation of the sperm rendering it totally prepared
for the acrosome reaction (77); (81).

Reaction to ensure fertilization, the hyper activated spermatozoon must
pass across the cumulus oophorous, bind to the zonapellucida of the oocyte and
create a pore in its extracellular matrix via exocytotic release of proteolytic
enzymes (73) . These acrosome reactions are mediated through phosphorylation of
tyrosine proteins, Ca*? influx resulting in an intracellular rise in cAMP and PKA,
thereby enabling the spermatozoon to penetrate and fuse with oocyte. Reactive
oxygen species has been observed to facilitate actions on the zonapellucida of the
spermatozoon by various means including phosphorylation of three relevant
plasma membrane proteins (71); (72).

After helping the metabolic cascades of spermatozoa capacitation and acrosome

reactions, reactive oxygen species seem to improve membrane fluidity necessary
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for effective sperm-oocyte union. By preventing protein tyrosine phosphatase
activity throughout capacitation, ROS keeps phospholipase A2 from losing its
active state. This allows phospholipase A2 to cleave the secondary fatty acid from

the membrane phospholipid tri-glycerol and improve membrane fluidity (82).

Principal

piece

nHCO, g( MP Keimulaté ? Opening

Figure (1.4) Calcium Influx and Male Fertility in the Context of the Sperm Proteome

1.4.3.2 Pathological Effect

The plasma membrane of the sperm cell contains significant quantities of
lipids, primarily in the form of polyunsaturated fatty acids (PUFAs) with
unconjugated double bonds between their methylene groups. The hydrogen atom is
extremely vulnerable to oxidative damage because the double bond close to the
methylene group weakens the connection between the methyl carbon and
hydrogen. Lipid peroxidation (LPO) is the end outcome of a series of processes
that are triggered as the intracellular ROS levels rise uncontrollably (LPO) (83). In
which almost 60% of the membrane fatty acids are lost, diminishing its fluidity,

enhancing non-specific permeability to ions, and also inhibiting the actions of
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membrane receptors and enzymes. Reactive oxygen species are also responsible
for reduced sperm motility by inhibiting energy generation, via LPO and
importantly mitochondrial DNA (mtDNA) mutations damage to at least one of the
13 genes coding for the electron transport chain transporter system in the
mitochondria will reduce ATP production and induce intracellular ROS
production. Reactive oxygen species may reduce sperm motility also by oxidation
of a thiol group in glyceraldehyde-3-phosphate dehydrogenase (GAPDH) Figure
(1.5) which is a glycolytic enzyme, or deletion of adenine and pyridine nucleotides
by LPO (77). Reactive oxygen species are capable of disrupting the inner and outer
mitochondrial membranes releasing cytochrome C. This cytochrome C in turn
activates the apoptotic caspases (77) (79). This mechanism of induction of
apoptosis in the spermatozoa by ROS is evident in infertile men, as high levels of
cytochrome C have been found in the seminal plasma of infertile men, which is an

indicator of severe mitochondrial damage (77) (84).
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Figure (1.5) Contradictory role of ROS in spermatogenesis (85)
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1.4.4. ROS and Male Infertility
Male oxidative stress infertility, or MOSI (Male Oxidative Stress

Infertility), is a term that has recently been proposed to describe infertile patients
with aberrant semen characteristics and oxidative stress (86), (87). Polyunsaturated
fatty acids (PUFAS), which are abundant in the sperm membrane, help to maintain
the fluidity of the membrane, which is necessary for sperm-oocyte union.
However, because they contain carbon-carbon double bonds, these lipids are
extremely vulnerable to oxidative damage. Actually, ROS stimulates the
production of lipid peroxide radicals, which then interact with other molecules to
cause a self-replicating chain reaction that amplifies lipid peroxidation (88). Since
the mitochondrial membrane is also damaged by ROS, motility is the first to be
affected by lipid peroxidation, causing a reduction in mitochondrial membrane
potential and defects in the sperm mid-piece and axonal region (89). Protein
oxidation of the a-central carbon generates radical amino acids and induces the
cleavage of peptide skeletons. Furthermore, the SH-rich side chains of cysteine and
methionine are prone to be oxidized with generation of disulphides and methionine
sulphoxide, respectively. In the same way, proline, arginine, lysine and threonine
are oxidized, resulting in the formation of aldehydes and ketones, which indicate
the protein oxidation status (90).

These modifications alter the protein structure and their function, with
repercussion on spermatogenesis and fertility. Oxidative stress can have
deleterious effects on DNA integrity and an increased rate of sperm DNA
fragmentation has been reported in infertile patients having high levels of ROS
(91). During spermatogenesis, genomic DNA is folded around protamine, which
enforce a compact state through the formation of disulphide bonds. Therefore,
protamine oxidation leads to a lesser degree of compaction, making sperm DNA

more susceptible to ROS-mediated oxidation. In addition, reaction between
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deoxyribose sugars and ROS disrupts the DNA strands, while oxidation of purine
and pyrimidine bases alters the normal DNA reading, leading to a higher mutation
rate (92). Since spermatozoa lack base repair mechanisms, activation of the
apoptotic cascade occurs in case of excessive DNA damage, leading to reduced

sperm concentration and male infertility (88).

1.5 Heat shock protein (HSPs)
1.5.1 definition

Heat shock protein (HSPs): are highly maintained polypeptides that can live in
nearly any cell. Their molecular weights were used to categorize them, and one of
their most crucial functions is that of molecular chaperones, which actively
contribute to maintaining protein homeostasis and cell viability (93); (94). Heat
shock proteins defind the body under various environmental stress conditions and
are rapidly synthesized in response to stress (95). HSPs function as molecular
chaperones by combining denatured proteins, preventing misfolding or
aggregation, and assisting in refolding following resumption of the normal status
under stress conditions; they are associated with protein folding (96). HSP70 plays
an essential role in normal cell function and is one of the most sensitive proteins,
which is synthesized under stress conditions (95). Heat shock protein 70 is a
member of HSPs family, which are spread in all living organisms, whether
eukaryotic or prokaryotic (97); (98). Which in addition to working as molecular
chaperones, have immune functions (99). But its main role is folding the proteins
and prevent the improper assembly of proteins (100). Hsp70 proteins can act to
protect cells from thermal or oxidative stress. These stresses normally act to
damage proteins, causing partial unfolding and possible aggregation. By
temporarily binding to hydrophobic residues exposed by stress, Hsp70 prevents

these partially denatured proteins from aggregating, and inhibits them from
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refolding; Hsp70 seems to be able to participate in disposal of damaged or
defective proteins (101).
1.5.2 Discovery of heat shock protein 70

In the 1960s, Ferruccio Ritossa made the discovery of heat shock after a lab
technician unintentionally increased the temperature at which Drosophila were
incubating (fruit flies). Ritossa discovered a "puffing pattern” on the chromosomes
when he looked for enhanced gene transcription of an unidentified protein (102) .
1.5.3 Structure of heat shock protein 70
Figure (1.6) shaow the Structure of heat shock protein 70
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Figure (1.5) the Structure of Heat shock protein HSP70 (105)

A- The Hsp70s schematic domains. The Hsp70s consist of two high conserved functional
domains including an NBD (N-terminal nucleotide-binding domain) and a C-terminal substrate-
binding domain (SBD), also an EEVD motif at C-terminal. The NBD contains the ATP/ADP
pocket that binds and The SBD contains a substrate binding pocket that interacts with extended
polypeptides as substrate, a o helical subdomain from the C-terminal side of SBD forms a
flexible lid. EEVD motif participates in binding to co-chaperones and other HSPs. (figure 1.5)

B- The complete amino acid sequence of human Hsp70 (UniProtKB identifier: PODMVS8) is a
major stress-inducible member of the Hsp70 family.

C- Secondary structures of Hsp70 virtualized using VMD 1.9.1 software. Hsp70, heat shock
protein 70 kDa; NBD, N-terminal nucleotide-binding domain (103).

23



Chapter One Introduction and Literature Review

1.5.4 The major functional domains of heat shock protein 70

N-terminal ATPase domain — binds ATP (Adenosine triphosphate) and
hydrolyzes it to ADP (Adenosine diphosphate). The NBD (nucleotide
binding domain) consists of two lobes with a deep cleft between them, at
the bottom of which nucleotide (ATP and ADP) binds. The exchange of

ATP and ADP leads to conformational changes in the other two domains.

Substrate binding domain — is composed of a 15 kDa B sheet subdomain
and a 10 kDa helical subdomain. The B sheet subdomain consists of
stranded B sheets with upward protruding loops, as a typical [ barrel,
which enclose the peptide backbone of the substrate. SBD contains a
groove with an affinity for neutral, hydrophobic amino acid residues. The
groove is long enough to interact with peptides up to seven residues in

length.

C- Terminal domain — rich in alpha helical structure acts as a 'lid" for the
substrate-binding domain. The helical subdomain consists of five helices,
with two helices packed against two sides of the B sheet subdomain,
stabilizing the inner structure. In addition, one of the helix forms a salt
bridge and several hydrogen bonds to the outer Loops, thereby closing
the substrate-binding pocket like a lid. Three helices in this domain form
another hydrophobic core, which may be stabilization of the "lid". When
an Hsp70 protein is ATP bound, the lid is open and peptides bind and
release relatively rapidly. When Hsp70 proteins are ADP bound, the lid is
closed, and peptides are tightly bound to the substrate-binding domain
(104).
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1.5.5 Function and Regulation of heat shock protein 70
The function of Hsp70 in both (re) folding and degradation of misfolded client
protein Figure (1.6)

Client protein
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Figure 1.6: Function and Regulation of HSP70 (103)

(a) Schematic of the Hsp70 ATP-ADP cycle for (re) folding of client protein causes a
conformational change of the chaperone, ATP hydrolysis, and exchange.

(b) Hsp70-CHIP complex promotes client protein ubiquitination and proteasomal degradation.
CHIP interacts with the TPR domain of Hsp70 and acts as a ubiquitin ligase for clients. CHIP,
chromatin immunoprecipitation; Hsp70, heat shock protein 70 kDa; TPR, tetratricopeptide-
repeat domain (103).

25



Chapter One Introduction and Literature Review

The heat shock protein 70 system interacts with extended peptide segments of
proteins as well as partially folded proteins to cause aggregation of proteins in key
pathways to downregulate activity (103).

Without interacting with a substrate peptide, Hsp70 is usually in an ATP bound
state. Hsp70 by itself is characterized by a very weak ATPase activity, such that
spontaneous hydrolysis will not occur for many minutes. As newly synthesized
proteins emerge from the ribosomes, the substrate-binding domain of Hsp70
recognizes sequences of hydrophobic amino acid residues, and interacts with them.
This spontaneous interaction is reversible, and in the ATP bound state Hsp70 may
relatively freely bind and release peptides. However, the presence of a peptide in
the binding domain stimulates the ATPase activity of Hsp70, increasing its
normally slow rate of ATP hydrolysis. When ATP is hydrolyzed to ADP the
binding pocket of Hsp70 closes, tightly binding the now-trapped peptide chain.
Further speeding ATP hydrolysis are the so-called J-domain cochaperones:
primarily Hsp40 in eukaryotes, and DnaJ in prokaryotes. These cochaperones
dramatically increase the ATPase activity of Hsp70 in the presence of interacting
peptides.

By binding tightly to partially synthesize peptide sequences (incomplete proteins),
Hsp70 prevents them from aggregating and being rendered nonfunctional. Once
the entire protein is synthesized, a nucleotide exchange factor (prokaryotic GrpE,
eukaryotic BAG1 and HspBP1 are among those which have been identified)
stimulates the release of ADP and binding of fresh ATP, opening the binding
pocket. The protein is then free to fold on its own, or to be transferred to other

chaperones for further processing (105).
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1.6. Galectin-3 binding protein (GAL-3BP)
1.6.1 Definition

A family of proteins known as galectins binds carbohydrates. They have a
distinctively conserved peptide sequence in their carbohydrate recognition domains
(CRDs), which have a strong affinity for glycoconjugates containing N-
acetyllactosamine (LacNAc; Gall,4GIcNAc) (106).0ne of the members is
galectin-3 with a size of about 31 kDa. Its C-terminal is unique to other family
members in linking to an atypical N-terminal aggregating domain (NAD). The
domain causes galectin-3 pentamerization enabling multivalent binding or lattice
formation of glycoprotein ligands (107). Galectin-3 can be found on cell surface or

in vesicles in extracellular space (108).
1.6.2 Discovery of Galectin-3 binding protein

Galectin-3 binding protein has been detected in the cytoplasm, nucleus as
well as in the extracellular space (109). In 1994, galectins were defined as a family
of proteins sharing conserved motifs for such core sequences, as well as the ability
to specifically bind galactosidase sugars, in vertebrate’s galectins were found in a
variety of tissues and cells such as skin, muscle, brain, intestine, liver, kidney,
placenta, cultured fibroblast and many tumour cells. A number of observations
indicated their possible involvement in a variety of important phenomena
occurring in  multicellular animals (i.e.,, development, differentiation,

morphogenesis, immunity, apoptosis, etc.) (110).
1.6.3 Structure of Galectin-3 binding protein

Galectin-3 binding protein is the unique chimera-like galectin in the family
having an extra-long and flexible N-terminal domain consisting of 100-150 amino

acid residues figure(1.7) according to species of origin, made up of repetitive
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sequence of nine amino (111).This means that GAL-3BP consists of carbohydrate
recognition and collagen-like domains, which makes it able to interact with a wide
array of extracellular matrix proteins, carbohydrates (N-acetyllactosamine), and

glycosylated molecules, such as cell surface receptors, extracellular receptor and

glycosylated proteins of the matrix, including lamina, fibronectin, and tenascin
(112).

Figure (1.7) Structure of Galectin-3BP (113).

(A) Galectin-3 protein structure consists of N Terminal Domain (NTD), which has a N Terminal
Region of 12 amino acids (aa) and contains serine 6 (S) phosphorylation site. The carbohydrate
recognition domain (CRD) 130 aa comprise the C-terminal and contains the NWGR motif;

(B) Pentameric structure of Galectin-3.

1.6.4. Function and Regulation of Galectin-3 binding protein

GAL-3BP enters in many pathological processes, including inflammation,
tumour growth, and fibrosis (114). Recent research revealed that this protein is
associated with several steps of invasion and metastasis, like angiogenesis, cell-

matrix interaction, dissemination through blood flow and extravasation (115).
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GAL-3BP is expressed widely in epithelial and immune cells and its expression is
correlated with cancer aggressiveness and metastasis. Moreover, enhanced
production and release of GAL-3BP have been demonstrated in a number of
inflammatory and fibrotic conditions including chronic pancreatitis, cirrhosis and

lung fibrosis, as well as in patients with heart failure (116) .
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Chapter Two Materials and Methods

2.1. Subjects
A case control study was conducted on 119 semen samples, 31men with

(asthenozoospermia), 28 men with (oligoasthenozoospermia), while another 60
healthy controls were diagnosed, semen samples were collected from Iraqi patients
who attended infertility clinics for infertility diagnosis and assisted reproductive
technologies in Karbala for the period between November 2021 and May 2022.

The study was conducted in accordance with the ethical standards set forth
in the Declaration of Helsinki. Prior to sampling, it was performed with the
patient's oral and analytical consent. The local ethics committee checked and
approved the study protocol, subject information, and permission form pursuant to
Document 3326 (containing the number and date 5/12/2021) for this approval.

The patient was instructed to collect his semen sample in a dry, sterile and
wide-mouthed plastic container. The age of patients was ranging from 20 to 40
years old. The following information was obtained from patients and labelled with
precise details such as (name, age, height, weight, body mass index, smoking,
period and type of fertility, abstinence period, time of sample collection),
(appendix).

After liquefaction of semen sample, the examination was carried out
according to the World Health Organization 2010. After that, every semen sample
was taken divided into three parts after examination. The sample was placed in a
centrifuge at a constant speed and time (3000 rpm for 10 min) and the supernatant
is separated from the fail, and placed Supernatant in three Eppendorf tubes to
measure the total antioxidant, state Galectin-3 Binding Protein and Heat Shock

Protein 70 of seminal plasma by Elisa.
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2.2. Study Design:

[ ejaculated semen sample ]
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Figure 2.1: Study analysis.
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Materials and Methods

2.3. Materials, Equipment’s and Devices

The following Materials, Equipment’s and Devices were used in the current study

as shown in the table (2.1).

Table (2.1): The table shows Materials, Equipment’s and Devices that used in this study.

Materials, Equipment’s and Devices

Company , Origin

Distilled water Germany
Centrifuge Germany / Hettich
Eppendorf tube Germany
Gloves China
Incubator Germany / Memmert
Litmus paper ( PH indicator rolls ) USA

Micro- pipette tips

Japan / nexty

Refrigerator

China/ biobase

Slides and cover slip China

China/ Sail brand

ELISA system (Wisher, Printer, Reader)

USA/ meridian

Human Galectin-3 ELISA Kit

China/ Sun Long Biotech Co

Human heat shock protein ELISA Kit

China / Sun Long Biotech Co

Human total anti-oxidant ELISA Kit

China / Sun Long Biotech Co

2.4. Seminal Fluid Analysis
2.4.1 Semen Collection

Samples were collected in sterile containers from patient by masturbation
method after 2 to 7 days’ abstinence. The container in which the seminal fluid
sample was collected must be labelled with the following information: name, age,
abstinence period, and time of sample collection. The specimens were placed in an
incubator at 37 °C for 30-60 minutes to allow liquefaction. The liquefied semen is
carefully mixed for few seconds, and then the specimen was examined by
macroscopic and microscopic examination as recommended by WHO 2010
guidelines (117).
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2.4.2. Macroscopic Examination
2.4.2.1 Volume
A graduated cylinder with a conical base was used to determine the volume of

the semen sample. The normal volume should be equal or more than 2 mL (WHO,
2010).

2.4.2.2 Appearance

Within one hour of ejaculation simple examination was performed on the semen
sample at room temperature. A normal semen sample has a homogenous grey-
opalescent appearance. If the sperm concentration is very low, they may appear
less opaque. When red blood cells are present it may appear red-brown colour and
in a patient with jaundice or taking some vitamins or drugs it appears yellow
(WHO, 2010).

2.4.2.3 Liquefaction Time

Normal semen sample liquefied within 60 minutes at 37 °C,
although this usually occurs within a period of 15 minutes. Some samples
may not liquefy, so they were induced to liquefy by mechanical mixing or
addition of an equal volume of culture medium followed by repeated
pipetting. Before microscopic examination the sample was well mixed in
the original container (WHO, 2010).

2.4.2.4 PH

PH litmus paper ranging between 6 to 14 was used to determine the
pH of the semen. Immersing the litmus paper in the semen sample and
reading it after 30 seconds, when the pH of the semen is slightly alkaline
ranging between 7.2 to 8.0 it is conside red normal (WHO, 2010).
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2.4.2.5. Viscosity

The semen sample's viscosity can be determined by carefully
aspirating it into a wide-bore pasture pipette, to allow the semen to drop by
gravity and to observe the length of any thread. In small discrete drops, a
normal sample leaves the pipette. If the drop was forming a thread more

than 2 cm long, viscosity was abnormal (WHO, 2010).

2.4.3. Microscopic Examination

Microscopic  examination of semen sample includes sperm
concentration, motility, morphology in addition to non-sperm cellular
components like, leukocyte concentration and immature germ cells. At the
first, the semen sample mix well by pasture pipette then take 10uL of
liquefied semen and put on a clean glass slide and covered with 22 x 22
mm cover slip. The volume of semen and the dimension of the cover slip
are standardized so that the analyses are always carried out in a
preparation with fixed depth allows full expression of the rotating
movement of normal spermatozoa. The preparation is then examined
under an ordinary light microscope at a magnification of 40 X, which is
recommended for all examinations of stainless preparations of fresh semen
sample (WHO, 2010).

2.4.4.1. Sperm Concentration

Referred to estimation of how many million sperm are present
in each millilitre of semen. The mean number of spermatozoa in five
random microscopically a field was multiplied by a factor of one million
to get the sperm concentration per millilitre (ml). By multiplying
concentration of sperm by semen volume getting total sperm count. The
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lower reference limit for sperm concentration is 20 x 10° spermatozoa per
mL and the lower reference limit for total sperm number is 40 x 108
spermatozoa per ejaculate (WHO, 2010).

e Sperm concentration (million/ml) = number of sperm x 108,

eTotal sperm count (million/ejaculate) = concentration of Sperm X

volume.

2.4.3.2 Sperm Motility
Means the percentage of sperm that are moving. The freshly made;

wet preparation is left to stabilize for approximately one minute. The
microscopic field is scanned systematically and the motility of each
spermatozoon measured according to WHO (2010) whether it shows:

A: (rapid progressive motility) sperms are those which swim forward

rapid in a straight line

B: (slow or sluggish progressive motility) sperms swim forward, but

either in a bent or warped line or slowly (slow linear or nonlinear

motility) It must be the sum of (A & B > 32%).

C: non progressive motility.

D: immaotility.

*Sperm motility (%) = No. of motile sperm / total No. of sperms

2.4.3.3 Sperm Morphology

This referred to the percentage of morphological normal sperms
which considered normal when equal 14% or more according to (WHO,
2010). For examination of morphologically normal sperms, slides are
using that previously used for determination sperm motility and

calculating the ratio according to this formula
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*Normal sperm morphology (%) = No.of normal sperms / total No. of

sperms (normal and abnormal)

3.4.3.4 Round Cells

The round cell used to describe all cells other spermatozoa present in
ejaculate which include: leukocytes, epithelial cells from the genitourinary
tract, spermatogenic cells and others (WHO, 2010). To estimation the
number of round cells in the semen samples counting their mean number
in 10 random microscopic fields and multiplied by a factor of 1 million.
The number of round cells value were counted using HPF method. The
semen sample with (5round cells/ HPF) was considered normal according
to WHO (2010).

2.4.3.5 Sperm Agglutination

The sticking of motile spermatozoa to each other is known as
Agglutination as head to head or mid piece to mid piece or tail to tail, or
mixed, e.g. mid piece to tail. The aggregation is different from
agglutination that term is used to describe the adhering of motile or
immotile spermatozoa to mucus threads or to cells other than spermatozoa,
or to debris (WHO, 2010).
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2.5. Total anti-Oxidant Status Test & heat shock protein & Galectin 3 binding
protein

2.5.1 Principal Elisa.

This ELISA kit uses the Sandwich-ELISA principle. The micro ELISA
plate provided in the kit has been pre-coated with an antibody specific to
(TAOS) (Hsp70) (GAL-3BP) figure (2.2). Standards or samples are added
to the micro-ELISA plate wells and combined with the specific antibody.
Then, an Avid in-Horseradish Peroxidase (HRP) conjugate are added
successively to each micro plate well and incubated. Free components are
washed away. The substrate solution is added to each well. Only those
wells that contain Human (TAQOS) or (Hsp70) or (GAL-3BP) and Avid in-
HRP conjugate will appear blue in colour. The enzyme-substrate reaction
is terminated by the addition of stop solution and the colour turns yellow.

The optical density (OD) is measured spectrophotometric ally at a

wavelength of 450 nm. The OD value is proportional to the concentration
of Human. (TAOS) & (Hsp70) & (GAL-3BP) (Sun Long Biotech, 2016).

Figure 2.2: Kkits to (TAOS) , (Hsp70) ,(GAL-3BP)
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2.5.2 Reagents of ELISA:
All chemical reagents that used for determination of Serum Galectin-3

Level are listed below table (2-2):

Table (2-2): All chemical reagents that used for determination of Serum Galectin-3 Level
are list below

Reagent Specifications Quantity
Chromogen Solution A 1 bottle eml
Chromogen Solution B 1 bottle eml
Closure plate membrane 2 -
HRP-Conjugate reagent 1 bottle eml

Micro Elisa strip plate 1 96 wells
Sample diluent 1 bottle eml
Standard diluent 1 bottle 1.5ml
Standard : 27ng/mi 1 bottle 0.5ml
Stop Solution 1 bottle eml
Wash solution 1 bottle (20mIx30 fold)

2.5.3 Reagent Preparation:
All reagents and required number of strips were allowed to reach room

temperature prior to use.

2.5.4 Wash Solution:

Twenty mil of concentrated wash buffer were diluted in 580 ml
distilled water. The unused working wash solution was put back at 4°C.
The diluted working wash solution is stable for two weeks at room

temperature.
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2.5.5 Procedure of ELISA:

1- 50ul of series standard were added to standard well, and 10ul of sample and
40ul sample dilution buffer was added to each sample wells.

2- Incubate for 30 min at 37°C.

3- Aspirated and washed five times with diluted working wash solution.

4- 50ul of HRP-Conjugate reagent was added to each well.

5- Incubate for 30 min at 37°C.

6- Aspirated and washed five times with diluted working wash solution.

7-50ul of Chromogen Solution A and Chromogen Solution B were added to each
well, evaded the light preservation for 15 min at 37°C.

8-50ul of Stop Solution was added to each well. The absorption was read at
450nm.

9-The results were Calculated.

2.5.6 Calculation of concentration:

e Calculate galectin-3 binding

The standard density was taken as the horizontal, the OD value of the
vertical, draw the standard curve on graph paper, find out the
corresponding density according to the OD value of the sample by the
sample curve, multiplied by the dilution multiplier, or calculate the straight
line regression equation of the standard curve with the standard density
and OD value, with The OD value of the sample in the equation, calculate

the density of the sample.
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e Standard concentrations were prepared as follows;

The sample was diluted and added to the standard: 10 standard
wells were placed on ELISA coated plates, 100 pl standard was added to
the first and second wells, then the 50 pl standard dilution was added to
the first and second wells, mixing; 100 ul was taken out from the first and
second well and then added to the third and fourth well separately. Then a
standard dilution of 50 pl is added to the third and fourth well, blending;
Then 50 pl was taken out from the third and fourth well, then 50 pl was
added to the fifth and sixth well, then a standard dilution of 50 ul was
added to the fifth and sixth well, and they were mixed; 50 pl were taken
out from the fifth and sixth well and added to the seventh and eighth well,
then a standard dilution of 50 pl was added to the seventh and eighth well,
and they were mixed; 50 ul taken out from the seventh and eighth well and
added to the ninth and tenth well, the standard dilution of 50 pul was added
to the ninth and tenth well, mixed, and 50 ul was taken out from the ninth
and tenth well (the 50 ul sample was added to each well after dilution,
(density: 48 ng/ L 36 ng/L, 18 ng/L, 9ng/L, 4.5ng/L)

25 y =0.0725x + 0.0212
R*=0.9913

R .
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Figure 2-3: Calibration curve of galectin-3 (ng/L)
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e Calculate heat shock protein 70

Known concentrations of Human HSP-70 Standard and its corresponding
reading OD is plotted on the log scale (x-axis) and the log scale (y-axis)
respectively. The concentration of Human HSP-70 in sample is determined by
plotting the sample’s O.D. on the Y-axis. The original concentration is calculated

by multiplying the dilution factor.

Standard concentrations were prepared as follows;

The standard was diluted with micro tubes first, then a 50ul pipette from each

tube into a well micro plate, each tube using two wells, ten wells total.

36 ng/ml | Standard No.1 | 300l Original Standard + 150l Standard diluents
24 ng/ml Standard No.2 | 300ul Standard No.1 + 150ul Standard diluents
12 ng/ml Standard No.3 | 150ul Standard No.2 + 150ul Standard diluent

6 ng/ml Standard No.4 | 150ul Standard No.3 + 150ul Standard diluent

3 ng/ml Standard No.5 | 150ul Standard No.4 + 150ul Standard diluent

SUNLONG
- Standerd

No.1 No.2 No.3 No.4 No.5

Dilution Rate 1.5 1.5 2 2 2
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25 y =0.9168In(x) - 1.5914
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Figure 2-4: Calibration curve of heat shock protein (ng/ml)

e Calculation total anti-oxidant
Known concentrations of Human total anti-oxidant Standard and its corresponding
reading OD is plotted on the log scale (x-axis) and the log scale (y-axis)
respectively. The concentration of Human total anti-oxidant in sample is
determined by plotting the sample’s O.D. on the Y-axis. The original concentration
is calculated by multiplying the dilution factor.

Standard concentrations were prepared as follows;

The standard was diluted with micro tubes first, then a 50ul pipette from each

tube into a well microplate, each tube using two wells, ten wells total.

6 U/ml Standard No.1 | 300ul Original Standard + 150ul Standard diluents
4 U/ml Standard No.2 | 300ul Standard No.1 + 150ul Standard diluents
2 U/ml Standard No.3 | 150ul Standard No.2 + 150ul Standard diluent
1U/ml Standard No.4 | 150ul Standard No.3 + 150ul Standard diluent
0.5U/ml | Standard No.5 | 150ul Standard No.4 + 150ul Standard diluent
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150ul
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Figure 2-5: Calibration curve of total anti-oxidant (U/ml)
2.6 Excluded criteria

Samples from people over 40 years old and less than 20 years old, as well as

people who were taking drugs containing steroids, chemotherapy, cimetidine,
phenytoin, spironolactone, sulfasalazine, vitamins, patients with diabetes, and
endocrinologists, were also excluded. Exclude people who have had previous

surgery for varicose veins or who have had mumps previously.
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2.7 Statistical analysis

Information from the questionnaire from all participants was entered a data
sheet and were assigned a serial identifier number. Multiple entry was used to
avoid errors. The data analysis for this work wear generated using The Statistical
Package for the Social Sciences software, version 28.0 (IBM, SPSS, Chicago,
Illinois, USA). Descriptive statistics was performed on the participants’ data of
each group. Values were illustrated by Mean £SD for continuous variable. The
distribution of the data was checked using Shapiro test. The association between
the analysed factors was estimated using odds ratios (ORs) and 95% Confidence
Interval Range which calculated by a nova conditional logistic regression.

Significant differences in categorical variables among the parameters were
confirmed through analytical statistical tests. Results of all hypothesis tests with p-

values <0.05 (two-side) were considered to be statistically significant.
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3. Results and Discussion

3.1 Demographic and clinical characteristics:

The study was conducted on 119 men, and they were classified into two
groups, 59 men with infertility, as a group of patients divided into two cases.
The first cases 28 samples (Asthenozoospermea) and the second cases 31 samples
(oligoasthenozoospermia), and 60 fertile men.

The clinical demographic characteristics and laboratory parameters of the patient
group were summarized in Figure (3.1), (3.2), (3.3).

In the current study, smoking was observed in 37(62.7%) infertile patients.
And 22(37.3%) non-smokers are infertile. smoking is a well-known risk factor for
inferior male fertility. In infertile men, a cigarette smoking is associated with
adverse effects on sperm density, vitality and motility and morphology, as well as
the effect on semen volume, according to a study (Zhang et al.,2016) (118).

In the present study, in regard to the type of infertility, there were 46(77.9 %)
men with primary infertility and 13(22.1%) men with secondary infertility. Based
on the observation of (Alshahrani et al., 2014) (119).the rate of primary infertility
was (79.6%) and that of secondary infertility was (20.4%) and according to
(Oztekin et al., 2019), the rate or primary infertility was (77.3%) and that of
secondary infertility was (22.7%); therefore, the observation in this study is in
accordance with previous reports that most males who seek medical advice had
primary infertility (120).

In the current study, the effect of the type of work on the patient’s condition
appeared, as it was noted that 12 (20%) sterile who were working in office work,
17 (28%) sterile were soldiers, and 30 (51%) were sterile among the people who
practiced physical labour as workers (Municipality, load motorists and furnace
workers) based on the observation of (Epstein et al., 2006) (121). Occupational
hazards negative it is associated with semen quality and is considered a major

contributor to male infertility, As stated in a study (Hamerezaee et al., 2018) (122).
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Study subject

= Control = Asthenozoospermia Oligoasthenozoospermia

Figure 3.1: Descriptive of the Demographic and of the study population (n=119)
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Figure 3.2: Distribution of the cases study according to the colleges, and the (Age & BMI )

groups
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Figure 3.3: Distribution of the cases study according to the colleges, and the (Work &
Smoking)
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3.2: Results of the analysis of basic semen:

Table (3.1) shows the analysis of basic semen characteristics, such as
concentration and mobility. There was a significant difference in these variables.
The concentration, Progressive cell and non-progressive cell of semen in the
infertile men patients’ groups were lower than control groups. The meanSD level
of the concentration was (29.79£18.94 M/ml) and (63.62+28.09 M/ml) in patient &
control respectively. The present of the Progressive cell was (10.4051+8.47) and
(47.67x12.03) while the non-progressive cell, were (20.84+14.76) in patients and
(27.26£6.54) in control group. On the other hand, the non-moving sperm, were
increased markedly in the infertile men patients’ groups compared to control
group, the mean of the percentage in patients were (68.55+18.72) and in control
was only (22.89+10.77). The present of the Progressive cell was (10.4051+8.47)
and (47.67£12.03) while the semen Volume, were (4.68+£1.92) in patients and
(3.12+0.76) in control group

Table 3.1: Results of the analysis of basic semen characteristics.

: Control(N=60) | Patient(N=59)
Variable Mean+ SD Mean £SD P'value
Concentration
(M/mi) 63.62+28.09 29.79+18.94 <0.001[S]
Progressive cell (%) | 47.67+12.03 10.4051+8.47 <0.001[S]
Non'pm%f/‘z)ss“’e Cell | 57261654 | 20.84+14.76 <0.001[S]
NO”'mo(‘(’,gg SPEIM 1 50 8041077 |  68.55+18.72 <0.001[S]
Volume(ml) 3.12+0.76 4.68+1.92 <0.001[S]
T-test was *: significant at p < 0.01

N: number of cases; SD: standard deviation; S: significant

A standard semen analysis is the first test prescribed by a clinician to assess
male factor infertility in a couple. The lower reference values provided by the
WHO are used to guide the diagnosis and treatment of the male partner. Diagnosis
of normozoospermia may push the investigation towards the female partner as the
primary cause of infertility, while a semen sample with altered sperm parameters
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suggests male factor as a putative cause for infertility and guide towards more
advanced investigations, genetic testing and treatments (Wang et al., 2018) (123).
Furthermore, morphological abnormalities such as globozoospermia,
macrocephaly, multiple tail defects and decapitated sperm syndrome are indicative
of genetic disorders, As stated in a study (Gatimel et al., 2017) (124). In the
present study, sperm concentrations and motility in fertile men were more than the
concentrations and motility of infertile men, which agreed with reference values
provided by the recommended by WHO guidelines (2010) (117). This study
showed that there is an increase in semen volume in infertile male patients, and this
result was consistent with the results of some other studies such as (Mustafa et al.,
2019) (125); (Abdulrahman et al., 2019) (126).

3.3. Sociodemographic Factors of Infertile Men Enrolled in The Present Study
The results in table (3.2): The MeanzSD age of people in the fertility and

infertility groups was (32.2+5.76) and (31.07£5.59) years, respectively. There were
no statistically significant differences between infertile men who suffered from
(Oligoasthenozoospermia and Asthenozoospermia) compared with men fertile.

The Mean+SD BMI of people in the fertility and infertility groups was (27.52 +
5.10) and (29.25 + 5.75), respectively; there was a slight increase in the mean mass
index but no significant differences between infertile men.

The current study included 59 infertile men. The mean age of all enrolled
infertile men was (31.07+5.59) years with an age range of 20 to 40 years. Most of
enrolled men were between 20 to 40 years as they accounted for 77 (80.2 %). This
reflects that, many infertile couples quit seeking infertility treatment with time; and
this gives an important hint that infertility treatment with time-frame plan is a
priority and postponing an indicated modality of treatment is actually against the

couple’s benefit.
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Table 3.2: difference between Sociodemographic Factors of Infertile Men & Control
groups

Parameter Control (N=60) Patient(N=59)
Mean+SD Mean+SD P value
Age(year) 32.2+5.76 31.074£5.59 0.27[NS]
BMI(kg/m2) 27.52+5.10 29.25+5.75 0.139[NS]
T-test was *: significant at p <0.01

N: number of cases; SD: standard deviation; S: significant; NS= Non significant

Semen parameters have different susceptibility to be altered in response to
change in BMI. It is also expected to be affected by hormonal changes in response
to higher weight and BMI. Thus, factors affecting fertility such as hormonal
changes, varicocele diabetes, and other fertility-affecting factors were excluded
from this study to evaluate semen parameters with BMI away from other factors
that may contribute to semen parameters changes.

In a previous study (Oztekin et al., 2019) the mean BMI was 26.6 + 4.1 kg/m2
(127) .while a study conducted by (Punab et al., 2017) reveals that the mean BMI
was (26.7 + 4.6 kg/m2) (128).Thus, the average BMI in the current study is slightly
higher than that reported by the previous authors. In addition to poor semen
quality, fertility in obese men may be affected by endocrinopathy, aromatic
activity, psychological and thermal effects, sleep apnea, leptin and minor toxins
according to the study (Katib ., 2015) (129) .

3.4 Difference between the level of biomarkers in the patient and control
groups
The results in table (3.3) indicated that there was a significant difference in the

Mean£SD level of (TAOS) and (Hsp70) in patient’s groups compared to control
group.

The MeanzSD level of TAOS was (1.98+0.20) U/ml in patients’ groups while it
was (3.53+0.64) U/ml in control group. On the other hand, The Hsp70 Mean+SD
level was (47.66£7.10) ng/L in patients’ groups while it was (40.17+1.94) ng/L in
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healthy control. and GAL-3BP Mean+SD level was (28.00+8.21) ng/L in patients’
group and (26.87+5.73) ng/L in healthy control.

Table 3.3: the results of seminal plasma of biomarkers in the fertile and infertile groups

Parameter Control (N=60) |Patient(N=59) P value
MeanzSD MeanzSD
Total anti-oxidant 3.53+0.64 1.98+0.20 <0.001[S]

U/mi

Heat shock protein 70 | /) 15,1 o4 4766710 | <0.001[S]
(ng/L)

CELEEI SlallelIng 26.87+5.73 28004821 | 0.439[NS]

protein (ng/L)
Studded T-test was *: significant at p < 0.01

N: number of cases; SD: standard deviation; S: significant; NS= Non significant

e Total anti-oxidant

Spermatozoa are vulnerable Oxidative stress due to their high content of
polyunsaturated fatty acids, deficiencies in intracellular antioxidant enzymes, and
limited DNA repair ability. In particular, the high content of polyunsaturated fatty
acids in the sperm plasma membrane regulates membrane fluidity but also
represents a preferential substrate for Reactive oxygen species attack. In fact, lipid
peroxidation of the sperm plasma membrane polyunsaturated fatty acids has been
the first oxidative damage recognized in male infertility, highly reactive lipid
aldehydes produced by peroxidation form adducts with proteins and DNA and
induce sperm mitochondrial dysfunction through binding to electron transport
chain proteins. This reinforces the production of mitochondrial Reactive oxygen
species and compromises both the competence and the DNA integrity of the
spermatozoa as stated in a study, (Aitken et al., 2020) (130). Thus, it causes
mutations in the sperm genome, as stated by a study (Aitken et al., 2020) (131).

Nowicka-Bauer, K.; Nixon 2020 reported the association of 4-

hydroxynonenal-protein adducts generation with loss of membrane integrity,
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motility, and decreased fertility when the comparison was made between fertile
men (amino sperm males) and infertile men (132).

Significant higher levels of Total anti-oxidant were observed in this study in
men with control compared to men with infertility and This result is supported by a
study (Yurchuk etal., 2021) (133).

The conclude from previous studies and the results of this study that the lack
of antioxidants in seminal plasma is directly related to a defect in the function of
sperm, its movement, Concentration, and thus a defect in the process of
fertilization ability and leads to be a cause of infertility.

e Heat shock proteins 70

The higher values of Hsp70 could be due to their protective function of
mitigating oxidative stress associated with cells. Hsp70 exist in the plasma in
relatively low concentrations but their concentration could increase exponentially
due to oxidative stress beyond the physiological limit. Therefore, their increase
could be targeted toward preventing sperm cell deformation or death by free
radicals or reactive oxygen species as stated in a study of (Aworu et al., 2022)
(134).

Significant higher levels of Hsp70 were observed in this study in men with
infertility compared to men with normozoospermia, and this result was confirmed
by studies (Ferlin et al., 2010) (135) ; (Agarwal et al., 2012) (136).

The conclude from previous studies and the results of this study that the lack
of antioxidants in seminal plasma is offset by an increase in oxidative stress, and
since Hsp70 are proteins that attempt to repair the imbalance and damage caused
by free radicals on the cell surface and its content, So the results of Hsp70 found at

a higher level in the semen of infertile men from the semen of fertile men.
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e Galectin 3 binding protein

In the male reproductive system, it is known that GAL-3BP is a secretory lectin
in human seminal plasma. In the initial studies, it was demonstrated that there is a
strong GAL-3BP immunoreactivity in the acrosomal region of ejaculated and
capacitated spermatozoa. This immunoreactivity was much stronger than that of
epididymal spermatozoa. Therefore, it was tried to find a source of GAL-3BP to
release in seminal plasma and it was found GAL-3BP can originate from seminal
plasma-derived extracellular vesicles. Those GAL-3BP molecules in the next step
means during post-testicular maturation can be transferred to the sperm surface.
They play an important role later and in the time of fertilization for strong binding
between spermatozoa and zona pellucida (137). In this study, it is found that a
slight increase in the GAL-3BP value of infertile men than in fertile men but it’s
not Significant, and this result was confirmed by study (Davalieva K et al., 2012)
(138). But the other study found increase in the GALBP-3 have been observed in
men with normal azoospermia, by study (Giacomini et al., 2015) (139).

Through the above studies, and through the results of this study, the conclude the

results of GALBP-3 in semen is of no clinical significance to infertile men and
fertile men.

3.5 difference between biomarker MeanxSD level in Control groups &
Oligoasthenozoospermia & Asthenozoospermea
The results in table (3.4) By comparing the mean Level of (TAOS) with

Study groups, the test revealed a significant difference in MeanzSD of (TAQS)
(P<0.001).by using Post hoc tests revealed that control males group was
significantly higher than in other groups. Also, there was a significant difference
in MeanzSD Level of (TAOS) with study groups, the test revealed a significant
difference in Mean£SD (Hsp70) (P<0.001).by using Post hoc tests revealed that
Oligoasthenozoospermia group was significantly higher than in other groups
(50.02+7.39) ng/L. lastly, no significant difference in MeanzSD level (GAL-
3BP).
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Table 3.4: Difference between mean of Lab finding in Asthenozoospermea,
Oligoasthenozoospermia & Control groups

Control Asthenozoospermea | Oligoasthenozoos| P Value
Parameter|  Mean+SD Mean+SD permia
MeanxSD
TAOS 3.53+0.64* 2.07+£0.20 1.88+0.15 <0.001[S]
(U/ml)
HSP70 1 45 1741.04 45.52+6.21 50.0247.39% | <0.001[S]
(ng/L)
GAL-3BP
(ng/L) 26.87+5.74 28.60£9.50 28.00+6.64 0.855[NS]

ANOVA was *: significant at p < 0.01

N: number of cases; SD: standard deviation; S: significant; NS= Non significant

e Total anti-oxidant

Decrease in antioxidant levels and an increase in oxidative damage could
induce oxidative stress and causing sperm abnormalities impairing their potential
for reproduction is considered one of the major sperm-damaging factors, As stated
in studies (Martin-Hidalgo et al., 2019) (140); (Cho et al., 2018) (141); (Panner
Selvam, M.K.; Agarwal 2018) (142). Oxidative stress affects their activity,
damages DNA structure, accelerates apoptosis, all of which subsequently reduces
their numbers, impairs movement and the development of normal morphology, and
impairs function. This leads to disturbances in fertility or disruption of fetal
development, As stated in a study (Walczak—Jedrzejowska et al., 2013) (143).

This is what this found in the study through the results, it was observed that the
level of TAOS decreased in infertile men. When the comparison was made
between men who have fertility (normozoospermic males) and men who suffer
from (Oligoasthenozoospermia & Asthenozoospermea).

Where significantly higher levels of (TAOS) were observed in this study in
men with control males compared to men with Oligoasthenozoospermia, and this
result was confirmed by studies (Alahmar et al., 2021) (144); (Abdurrahman et al.,
2019) (145).
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On the other side Significantly higher levels of TAOS the observed in this study
in men with control males compared to men with Asthenozoospermea, and this
result was confirmed by studies (Abdulrahman et al., 2019) (145); (Palani et al.,
2019) (146).

Significantly higher levels of TAOS were observed in study in men with
Asthenozoospermea compared to men with Oligoasthenozoospermia, and this
result was confirmed by study (Mehrotra et al., 2013) (158).

But in a study (Aworu et al., 2022) found low TAOS have been observed in
men with asthenozoospermea (159).

The conclude from previous studies and the results of this study that the lack of
antioxidants in seminal plasma affects the cell membrane through free radicals and
thus affects its contents such as mitochondria, which produce forms of damage to
the cell through cell shape, number and movement and thus leads to pathological
conditions such as Oligoasthenozoospermia & Asthenozoospermea.

e Heat shock proteins 70

The higher values of Hsp70 could be due to their protective function of
mitigating oxidative stress or distress associated with cells. Hsp70 exist in the
plasma in relatively low concentrations but their concentration could increase
exponentially due to oxidative stress beyond the physiological limit. Therefore,
their increase could be targeted toward preventing sperm cell deformation or death
by free radicals or reactive oxygen species, The Heat shock protein including
Hsp70 are known to conserve and protect cells such as spermatozoa that are prone
to lipid peroxidation and degradation, Sperm proteins were altered in individuals
with abnormal sperm cell morphologies, was confirmed by studies (Krisfalusi M et
al., 2009) (147); (Aworu et al., 2022) (148).

And this is what that found in this study through the results, it was observed
that the level of Hsp70 increased in infertile men. When the comparison was made
between men who have fertility (normozoospermic males) and men who suffer

from (Oligoasthenozoospermia & Asthenozoospermea). The Significantly low
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levels of Hsp70 were observed in our study in men with normozoospermic males
compared to men with Oligoasthenozoospermia, and this result was confirmed by
studies (Ferlin et al., 2010) (149); (Waheed MM et al., 2013) (150).

But in a study (Cedenho et al., 2006) it was found that the level of Hsp70 is
higher in men with normozoospermic (151).

On the other side Significantly low levels of Hsp70 were observed in our study
iIn men with normozoospermic males compared to men with men
Asthenozoospermia, and this result was confirmed by studies (Wu et al., 2019)
(152); (Bracke et al., 2018) (153).

Significantly low levels of Hsp70 were observed in our study in men with
Asthenozoospermea compared to men with Oligoasthenozoospermia, and this
result was confirmed by study (Aworu et al., 2022) (151).

But in a study (Aworu et al., 2022) found High levels of Hsp70 have been
observed in men with Asthenozoospermea (159).

That conclude from previous studies and the results of this study the increase
in Hsp70 for the two groups (Oligoasthenozoospermia & Asthenozoospermea) is
an increase to prevent and curb the damage resulting from a lack of antioxidants
that leads to cell deformation, and since the Hsp70 is a protein that tries to prevent
abnormalities in cells, so we see it at a higher level than it is for the fluid The
sperm that contains more antioxidants, It was also studied(Arnos et al., 2018)
(101).

e Galectin 3 binding protein
In the male reproductive system, GAL-3BP expression has been previously
determined in the entire male reproductive system. It has been found in human
seminal plasma (Fung KY et al., 2004) (154); (Tsuruya S et al., 2006) (155).
prostate secretions, and prostate cancer cells (Bair EL et al., 2006) (156). in
relation to the multiple functions of GAL-3BP in Human semen, GAL-3BP has
been reported to be associated with semen liquefaction, sperm motility,

54



Chapter Three Results and discussion

angiogenesis in the female reproductive system, and finally in the form of a Pro-
inflammatory factor (Kovak MR et al., 2014) (157).

In this study, the found a slight increase in the GAL-3BP value of infertile
men (Oligoasthenozoospermia) than in fertile (normozoospermic) but not
Significantly, and this result was confirmed by study (Davalieva K et al., 2012)
(138).

But in a study (Giacomini et al., 2015) found increase in the GAL-3BP have
been observed in men with control male (139) .

On the other side in this study, the found a slight increase in the GAL-3BP
value of Asthenozoospermea than in control male but not Significantly, and this
result was confirmed by study (Davalieva K et al., 2012) (138).

In this study, we found a slight increase in the GAL-3BP value of
Asthenozoospermea men than in Oligoasthenozoospermia men but not
Significantly, and this result was confirmed by studies (Giacomini et al., 2015)
(138).

Through the results of this study and through previous studies, the conclude
that the absence of clinically significant results for the GAL-3BP, because the
protein is not affected by cases (Oligoasthenozoospermia & Asthenozoospermea)
except in a very simple way, but its quality is necessary for the process of adhesion

that occurs in fertilization, according to the above studies.

3. 6 Difference between biomarker in Oligoasthenozoospermia & Asthenozoospermea
groups with semen viscosity characteristic
The study was also included the examination of semen viscosity characteristics

of the Asthenozoospermea & Oligoasthenozoospermia groups on the biomarkers.
Patients were divided into three groups based on the semen viscosity (low,
moderate and high viscosity).

Table (3.5) the comparison of biomarkers levels between groups which were
statistically significant in TAOS and Hsp70, (3.14+0.89, 2.02+0.24, 1.99+0.19)
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U/ml for TAOS levels and (41.89+4.54, 47.04+6.84, 48.75+8.62) ng/L for Hsp70
respectively, P value <0.001.

Hyper viscosity of liquefied semen is a biophysical alteration of an ejaculate
whose biochemical etiology is scarcely known, despite the different studies that
have been carried out on this topic, Such as (Overstreet JW et al., 1980) (158);
(Issa Layali et al., 2015) (159).

Table 3.5: difference between biomarker mean level in Asthenozoospermea &
Oligoasthenozoospermia groups in term semen Viscosity characteristic

Viscosity (N=119)
Biochemical Low Moderate High P value
PGSR N=79 N=22 N=18
Total antioxidant | 5 1), g9x | 2024024 1.99+0.19 <0.001[S]
(U/ml)
Heat shock protein70
(ng/L) 41.89+4.54 47.0416.84 48.75+8.62* <0.001[S]
Galectin 3 binding
protein (ng/L) 26.96+6.06 26.28+7.12 26.18+10.51 0.624[NS]
ANOVA was *: significant at p < 0.01

N: number of cases; SD: standard deviation; S: significant; NS= Non significant

e Total antioxidant

The viscosity of semen is an essential parameter for achieving fertilization.
Viscosity increases frequently in infertile patients. However, the mechanism by
which viscosity causes infertility is still poorly understood. Since increased blood
viscosity is associated with diseases caused by oxidative stress, it can be
hypothesized that there is a relationship between semen viscosity and oxidative
stress in male sterility, as | showed in study (Schallmoser et al., 2021)(160) .
Therefore, this systematic review aims to investigate the relationship between
hyper viscid semen and oxidative stress.

This study has demonstrated a significant relationship low TAOS in semen with
increased viscosity. Possible negative oxidative stress effect on low Sperm motility

cannot be ruled out. This indicates that Antioxidant therapy may be beneficial for
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patients ,showing abnormal semen consistency to protect sperm cells by oxidative
damage and to improve their functional properties, this result was confirmed by
studies (Siciliano et al., 2001) (161); (Harchegani et al., 2019) (162).

e Heat shock protein70
This study has a significant relationship high Hsp70 in semen with increased
viscosity. The decrease in the level of TAOS in the samples of infertile men
increases the viscosity in the semen, and since the correlation of the amount of
antioxidants is inversely related to the Hsp70, see an increase in the amount of
protein with the viscosity (Siciliano et al., 2001) (161); (Harchegani et al., 2019)
(162).
e Galectin 3 binding protein
This GAL-3BP in semen in the study slight increased viscosity to fertile men,
but no significant, and this result was confirmed by study (Giacomini et al., 2015)

the slight increase that occurred is not clinically significant (139).

3.7 Pearson’s correlation coefficient (r) and linear regression analysis

The strength of the relationship was interpreted in line with the scheme:
[r| > 0.9-very strong relationship. 0.7 < |r| < 0.9-strong relationship, 0.5 < |r| < 0.7
moderately strong relationship,0.3 < |r| < 0.5-weak relationship, and |r| < 0.3-very
weak relationship (negligible). Scheme of interpretation according to (Hinkle et al)
(163).

Table (3-6) shows correlation between biomarkers and independent variables
including (basic semen characteristics among the infertile men patients group.
Total anti-oxidant levels showed a positive significant correlation with the
Concentration, Progressive cell and non-progressive cell [r =0.4, 0.8 and 0.3
respectively] P value <0.001, and negative significant correlation with the sample

volume and Non-moving sperm cell% [r =-0.4, -0.7 respectively] P value <0.001.
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Furthermore, a weakly significant positive-correlation was demonstrated
between Heat shock protein levels with sample volume and Non-moving sperm
cell% [r =0.4, 0.51 respectively], while the Concentration, Progressive cell and
Non-progressive cell demonstrated a weak negative significant correlation [r =0.3,
-0 .5 and -0.23 respectively] P value <0.001. No significant Correlations were

found with the Galectin 3 binding protein levels.

Table (3-6): Correlations of the Biochemical parameters independent variables

. Total antioxidant Galectin 3 binding | Heat shock protein 70
Variables :
protein

r=-0.4 r=0.03 r=0.4
Sample Volume p=  <0.001[S] p=0.748[NS] p= <0.001[S]

Concentration =04 =-05 =03
p=  <0.001[S] p= 0.613[NS] p= <0.001[S]

Progressive cell =08 r=-0.1 =05
p= <0.001[S] p= 0.844[NS] p= <0.001[S]

Non-progressive cell r=0.3 r=-0.1 r=-0.2
p=  0.018[S] p= 0.163[NS] p= 0.012[S]

Nonmoving sperm r=-0.7 r=-0.1 r=0.5
p=  <0.001[S] p= 0.470[NS] p= <0.001[S]

r: Pearson’s correlation coefficient; S: significant; NS= Non significant
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Figure (3-1) Simple linear regression Between Total anti-oxidant & Heat shock protein

70 levels of infertile men patients group
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e Total antioxidant

Significantly higher levels of TAOS were observed in this study in men with
control compared to men with infertility, suggesting a significant relationship
between TAOS in the seminal plasma and the integrity of the cell membrane,
viability, or sperm morphology, while other studies also report a positive
correlation with sperm motility (Moraes; Meyers 2018) (164).

The results of the value of the TAOS in male semen obtained in this study are

consistent with the results of other published. Importantly, this indicator was
significant and positively correlated with the parameters of the semen function,
such as sperm motility and concentration.
This study results are in agreement with other studies (Pahune et al., 2013) (165);
(Fazeli et al., 2016) (166); (Krzysciak et al., 2020)(167) and a negative correlation
with sample volume and non-moving sperm, As with studies(Aleksandra et al.,
2004) (168); (Colagar et al., 2009) (169); (Mustafa et al., 2019) (125); (Waheed et
al., 2018) (170) .

e Heat shock protein 70

Heat shock protein 70 are a family of housekeeping proteins that are
constitutively expressed in cells to regulate various cellular pathways, such as
transport, transcription, translation and signal transduction, under stressful cellular
conditions, including exposure to heat, hypoxia and oxidative stress, as shown
studying (Agarwal et al., 2012) (171); (Nixon et al., 2017) (172).

The result of Hsp70 significantly negative correlation values observed in total
Sperm Concentration, and active motility in infertile males compared to
Normospermia fertile males are similar to the work done in (Green KI, Nwachuku
EO 2018) (173). and a positively correlation with sample VVolume and Non-moving
sperm and this result was confirmed by study (Colagar HA et al., 2013) (174).
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e Galectin 3 binding protein
No significant Correlations were found with the Galectin 3 binding protein
levels, confirmed by study (Kovak MR et al., 2014) (156).

3.8: Odds ratio

In table (3-7), TAOS and Hsp70 showed a significant association with both
Oligoasthenozoospermia and Asthenozoospermea patient groups. Both markers
were show to be a risk factor of infertile men patients groups (OR = 2.80 and 8.80)
U/ml and (OR = 2.079 and 1.875) ng/L respectively, p value <0.001.

Correlation coefficient was used for determining linear relationships between
among biochemical marker in patient’s groups compare to control group. The
results showed that there was weak non-significant correlation between GAL-3BP
in patients compared to control group (OR = 1.000 and 1.017) ng/L. While, TAOS
levels and Hsp70 were showed to be significantly negative correlated in infertile

men patients group compared to control group (p <0.001).

Table 3.7: The odd ratio between the biomarkers and patients’ groups

Variables Studied Subjects OR (95% CI) p value

Total antioxidant | Control 18 -
(U/ml) Oligoasthenozoospermia 2.80 (2.806-2.806) < 0.001 [S]
Asthenozoospermea 8.80 (2.799-2.772) < 0.001 [S]

Galectin 3 binding | Control 12 -
protein (Ng/L) | Oligoasthenozoospermia 1.000 (0.938-1.066) 0.998[NS]
Asthenozoospermea 1.017(0.956-1.082) 0.593[NS]

Heat shock Control 12 -
Protein 70 Oligoasthenozoospermia 2.079(1.584-2.730) < 0.001 [S]
(ng/b) Asthenozoospermea 1.875(1.439-2.443) <0.001 [S]

Results are presented [S]; Significant, [NS]; Non significant, OR: Odds Ratio, CI;
Confidence Interval, 18; reference category
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e Total anti-oxidant levels

Decrease in antioxidant levels and an increase in oxidative stress damage
could induce oxidative stress and causing sperm abnormalities impairing their
potential for reproduction is considered one of the major sperm-damaging factors,
as stated in a studies(Martin-Hidalgo et al., 2019) (175); (Panner Selvam et al.,
2018) (176) .

The results of the table (3-9) regarding the severity of TAOS deficiency for
infertile patients are in agreement with the above studies (Walczak—Jedrzejowska
et al., 2013) which aim considered to cause abnormalities in sperm that impair
their ability to reproduce. Therefore, this resulted in us a pathological condition

represented by it (Oligoasthenozoospermia, Asthenozoospermea) (143).

e Heat Shock Protein 70

The Heat Shock Protein 70 level, where the note that its increase in
(Oligoasthenozoospermia, Asthenozoospermea) in the case of the case indicates
that the increase in the protein is positively associated with an increase in the risk
factor of infertility. And there is what was confirmed by the study (Sisti G et al.,
2015) That aims to increased expression of Hsp70 positively correlates with DNA

damage in sperm (177).

e Galectin 3 binding protein
As for GAL-3BP, the results of the risk factor for the case of
(Oligoasthenozoospermia, Asthenozoospermea) relative to the control group were

very weak and not significant, confirmed by the study (Mei S et al., 2019) (137).
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3.9: Receiver Operating Characteristic Analysis

e ROC curve and AUC analysis for the H.S.P 70 and G.3.B.P for Patients
compared to control group
Results of the receiver operating curve (ROC) curve and AUC analysis for
the Hsp70 and GAL-3BP diagnostic parameters. Hsp70 was shown a good
performance for prediction patients compared to control group, data are presented
in Figures (3.5) & (3.6) and table (3.8).

For Hsp70 levels: (sensitivity = 81.4%, specificity 90%) at a level = 42.1716,
while GAL-3BP levels (sensitivity 49.2%, specificity 73.3%) at a level = 27.9172,
the distribution of Hsp70 and GAL-3BP cut-off values was presented in tables
(3.9) & (3.10). The p-values of the AUC were <0.05 and statistically significant.

Table (3.8): AUC, optimal threshold, Sensitivity and specificity of proposed marker
obtained by the ROC curves for prediction of patients

Test Variable Heat shock protein 70 GAL-3BP
AUC 89.8% 54%
Sensitivity % 81.4% 49.2%
Specificity % 90% 73.3%
You den index 0.714 0.225
Cut-off points 42.1716 27.9172
Cl (95%) 0.841 — 0.955 0.432 - 0.647
PPV 83.33% 64.44%
NPV 66.67% 59.46%
P value <0.001 0.011
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Figure 3.5: Receiver operating characteristics (ROC) curve analysis of Hsp70 levels in
Patient and Control, The area under ROC curve: 89.8%. CI 0.841 - 0.955; p value <0.001
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Figure 3.6: Receiver operating characteristics (ROC) curve analysis of GAL- 3 levels in
Patient and Control, The area under ROC curve: 54%. CI 0.432 - 0.647; p value 0.45

Table (3.9) Distribution of patients according to the Hsp70 cut off values comparing with

control group

Hsp70 cut off Patients Control
>42.1716 48 6
<42.1716 11 54

Total 59 60

Table (3.10) Distribution of patients according to the GAL-3BP cut off values comparing

with control group

GAL-3BP cut-off Patients Control
>27.9172 29 16
<27.9172 30 44

Total 59 60
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4. Conclusions and future work

4.1 Conclusions
e Total anti-oxidant

1. TAOS of semen of infertile men enrolled in the current study was less than that
reported in fertile men and thus it can be inferred that levels of oxidative stress are
higher than normal physiological levels are associated at least partially with male
infertility.

2. The highest mean TAOS was observed in Oligoasthenozoospermia and the lowest
was reported in Asthenozoospermea.

3. The TAOS levels showed a positive significant correlation with the concentration,
progressive cell, and negative significant correlation with the sample volume,
semen viscosity, and non-moving sperm cell.

4. TAOS showed a significant association with both Oligoasthenozoospermia and
Asthenozoospermea patient groups. A low TAOS level has been shown to be a

risk factor for male infertility groups.

e Heat Shock Protein 70

1. The Hsp70 of semen of infertile men enrolled in the current study was more than
that reported in fertile men and thus it can be inferred that levels of Hsp70 that are
higher than normal physiological levels are associated at least partially with male
infertility.

2. The highest mean Hsp70 was observed in Oligoasthenozoospermia and the lower
was reported in Asthenozoospermea.

3. The Hsp70 showed a negative significant correlation with the concentration,
progressive cell, and positive significant correlation with the sample volume,

semen viscosity, and non-moving sperm cell.
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. Hsp70 is significantly associated with the two groups of Oligoasthenozoospermia
and Asthenozoospermea patients. A high Hsp70 level has been shown to be a risk

factor for male infertility groups.

e Galectin 3 binding protein

. The semen GAL-3BP of infertile men enrolled in the current study was slightly
more than that reported in fertile men, and therefore it cannot be inferred that
GAL-3BP levels as an indication of the presence of infertility.

. By comparing between the Oligoasthenozoospermia and Asthenozoospermea,
was found the GAL-3BP in Asthenozoospermea level to be slightly higher than
that of the Oligoasthenozoospermia group, but no significant.

The GAL-3BP showed no significant correlation with the concentration,
progressive cell, non- progressive cell, sample volume, semen viscosity, and
Non-moving sperm cell.

No significant association of GAL-3BP with both Oligoasthenozoospermia and
Asthenozoospermea patient groups. There is no risk factor for male infertility

patient groups.
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4.2 Recommendations

From present study, recommended the following:

1.

Performing of a larger sample size and multicentre study in order to validate the

results of the current study.

. Conducting an empirical study that evaluates all possible sources and causes of

oxidative stress and elevated heat shock proteins to explain exactly relationship
between them.

In light of the previous data and the results of the current study and because of
the lack of the relationship between oxidative stress and Galectin 3 binding
protein due to their direct effect on fertility outcomes seems to be necessary to
evaluate both marks individually when selecting the appropriate semen sample for

assisted reproductive technology process.

. Conducting an empirical study evaluating all possible sources and reasons for the

occurrence of the two cases of (Oligoasthenozoospermia and Asthenozoospermea)

and explaining the exact relationship between them.
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Appendix



Name: Phone No. File No.:

Age (years): Weight (Kg): Height (m?): BMI
(Kg/m?):

Occupation:

Residency (rural, urban): Environment (Pollutions):

Infertility Period: Infertility Type (1° or 2°):

Cause of Infertility: -

Male Factor: Female Factor: Combined:
Unexplained:

Male Factor: -

Asthenozoospermia: Oligoasthenozoospermia: Other:

History of 1Ul or IVF: Outcome:

Medical History: - Chronic Disease: Drugs: / Mumps:/ Others:

Surgical History: -

Varicocele :- Side (Lt., Rt., Bilateral): Grade:
Hydrocele: Hernia: Orchiopexy: Others:
Smoking: -

Alcohol

SFA: (separate paper)

Figure 2.1: Detailed questionnaire taken from the patients
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