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Chapter one

Introduction

1.Introduction :

Reproductive failure is a significant public health concern.
Infertility, carries significant personal, societal and financial
consequences.One of the most important and underappreciated
reproductive health problems in developing countries is the high rate of
infertility and childlessness (Ruder, et a.1,2008).

Infertility is defined as ‘the inability to conceive following 12

months of unprotected sexual intercourse, before an investigation is
undertaken unless medical history and physical findings dictate earlier
evaluation and treatment (ASRM, 2004). infertility is classified as
primary in which no previous pregnancy has occurred and secondary in
which prior pregnancy has occurred respective of its outcome(Jaiswar ,et
al., 2006). Causes of infertility can be found in about 90% of cases, about
10 % of patients don’t know why they can not conceive this is called
unexplained infertility (Siristatidis and Bhattacharya,2007).
Unexplained infertility is a diagnosis of exclusion, when the standard
investigation of both the female and male partner has ruled out other
infertility diagnoses (Smith, et al., 2003).A couple is considered to have
unexplained infertility if the woman ovulated and had a normal and
hysterosalpingogram, and the man a normal semen analysis (Edward and
Marut, 2008). Critical factors to be considered in evaluating and
managing unexplained infertility are the duration of infertility and female
age (Siristatidis and Bhattacharya,2007).
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In case of unexplained infertility, any form of treatment is speculated.

A period of three years of unexplained infertility is generally accepted as
minimum duration before active intervention is considered .

Empirical treatment with clomiphene ,intrauterine insemination are used
in treatment of unexplained infertility, if failed , invetro fertilization is
considered(Gleicher and Barad,2006).

Because female ovary is the source of oocytes and regulating hormones,
free radicals in the gynecologic environment is likely to be an important
mediator of conception. Recently there is a growing evidence of possible
role of highly reactive products of oxygen, termed free radicals, in
infertility(Agarwal and Shyam,2004 ).

A free radical is any atom (e.g. oxygen, nitrogen) with at least one
unpaired electron in the outermost shell (Ruder ,et al.,2008). free radicals
are neutralized by an elaborate antioxidant defense system .In a healthy
body, pro-oxidants and antioxidants maintain a ratio and a shift in this
ratio towards pro-oxidants gives rise to oxidative stress(Agarwal,et
al.,2008).

In this case free radical species which are unstable and highly reactive,
will become stable by acquiring electrons from nucleic acids ,lipids,
proteins, carbohydrates or any nearby molecule causing a cascade of
chain reactions resulting in cellular damage and disease (Van
Langendonckt, et al, 2002). Because free radicals are unstable, and
difficult to measure, traditional indices of oxidative stress include
downstream markers of oxidative damage to macromolecules such as
lipids, proteins and DNA. Oxidative stress is also indirectly assessed by
estimating capacity for antioxidant defense in serum, or other body
fluids. Such measures include assessment of enzymatic antioxidant
activity and individual assessment of circulating non-enzymatic

antioxidant levels(Janicki,2008).
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Aims of the study

The aims of the present work is to explore some aspects of

unexplained infertility among women. To verify this goal, the following

parameters were determined :

1-

2-

The malondiadehyde (MDA) concentration in sera and cervical mucus
secretions.

The activity of antioxidant enzyme, catalase (CAT) in sera and
cervical mucus secretions.

The level of reduced glutathione (GSH) concentration as non-
enzymatic antioxidant in sera and cervical mucus secretions.

The concentration of vitamin C as non-enzymatic antioxidant in sera
and cervical mucus secretions.

Vitamin E concentration as non- enzymatic antioxidant in sera and
cervical mucus secretions.

The serum proteins concentrations.

The relationship between ABO blood group system and unexplained
infertility in women.

Relationship between oxidative stress markers and some factors (age,

body mass index ,smoking ,infertility duration and type of infertility).



Chapter Two

Literatures Review

2.1 Female Reproduction
2.1.1 Anatomy

The female reproductive organs (figure (2.1) consists of the
ovaries(as female gonads ,which produce ova and several important sex
hormones) , fallopian tubes, uterus, vagina, external genital organs and

mammary glands (Rod, et al ,1996 ).
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Figure (2.1) Part of female reproductive organs (Rod, et al ,1996)

2.1. 2 The ovarian cycle

During fetal development, the ovaries contain over 7 million
primordial follicles. However, many undergo atresia before birth. At the
time of birth, there are 2 million ova, but 50% of these are atretic. The
million that are normal undergo the first part of the first meiotic division
at about this time and enter a stage of arrest in prophase in which those

that survive persist until adulthood. Atresia continues during
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development, and the number of ova in both of the ovaries at the time of
puberty is less than 300,000. Only one of these ova per cycle normally
reaches maturity; the remainder degenerate(Ganong .t al.,2005).

Just before ovulation, the first meiotic division is completed. One of the
daughter cells( the secondary oocyte) receives most of the cytoplasm,
while the other( the first polar body), fragments and disappears. The
secondary oocyte immediately begins the second meiotic division, but
this division stops at metaphase and is completed only when a sperm

penetrates the oocyte ( Balusik,2003).

2.1. 3 Ovulation

Ovulation in a woman who has a normal 28-day sexual cycle occurs
14 days after the onset of menstruation. Shortly before ovulation, the
protruding outer wall of the follicle swells rapidly, and a small area in the
center of the follicular capsule, called the stigma, protrudes like a nipple
then the stigma ruptures widely, allowing a more viscous fluid, to
evaginate outward. This fluid carries with it the ovum surrounded by a
mass of granulosa cells, called corona radiate(Guyton and Hall,2006).
LH is necessary for final follicular growth and ovulation. Without this
hormone, the follicle will not progress to the stage of ovulation (Rod,
et al .,1996). LH causes rapid secretion of follicular steroid hormones that
within a few hours, two events occur, necessary for ovulation:

(1) The theca externa begins to release proteolytic enzymes from
lysosomes, and these cause dissolution of the follicular capsular wall .
(2) Simultaneously, there is rapid growth of new blood vessels into the
follicle wall, and prostaglandins (local hormones that cause vasodilation)
are secreted into the follicular tissues. These two effects cause plasma
transudation into the follicle, which contributes to follicle swelling.

Finally, the combination of follicle swelling and simultaneous
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degeneration of the stigma causes follicle rupture, with discharge of the
ovum(Guyton and Hall,2006)

2.1. 4 Menstrual cycle

Females begin the menstrual cycle at the time of puberty, around
age 13, and experience it monthly until around their late forties to middle
fifties, except when interrupted by pregnancy(Shier, et al. ,1998). The
balance between the hormones of the hypothalamus, pituitary and the
ovaries must be in a homeostatic balance, fluctuating together to cause
the cyclic changes, the ultimate goal of which is to produce a viable
oocyte , ready for fertilization(Rod, et al ,1996). The menstrual cycle is
generally accepted to begin on day 1, the first day of Menses, or bleeding.
Menses usually lasts 4 to 5 days. In this phase, the lining of the uterus, the
endometrium, and its blood vessels break down and discharge through the
vagina, releasing blood, mucus, and cell debris (Shier, et al. ,1998). Also,
during this phase, the anterior pituitary gland releases both FSH and LH,
which stimulate the ovary and begin follicular growth ( Balusik,2003).
The next phase, known as the proliferative phase, happens in the time
between the end of the Menstrual phase and Ovulation (days 6 — 14).
During this time, estrogen from the developing follicle in the ovary
stimulates the endometrium of the uterus to grow and thicken. At this
phase, the hypothalamus is sending GnRH to the anterior pituitary and at
the mid-cycle, around day 14, ovulation occur (Guyton and Hall,2006).
The last phase, the secretory phase, involves the release of progesterone
and estrogen from the corpus luteum in the ovary. Progesterone causes
the endometrium to become more glandular and more vascular, and
stimulating the uterine glands to secrete fluids into the endometrium
(Shier, et al. ,1998). About 10 days after ovulation, the corpus luteum
degenerates, and, if fertilization does not happen, the concentrations of
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estrogen and progesterone decline markedly. In response to the hormonal
decline, the blood vessels to the endometrium constrict, cutting off the
nutrient supply. Within a few days (the tissues disintegrate and slough

off, starting the Menstrual phase once again (Balusik,2003).

2.1. 5 Hormones and Female Cycles

The female reproductive cycle is hormonally regulated in two
phases. The follicle secretes estrogen before ovulation; the corpus luteum
secretes both estrogen and progesterone after ovulation. Hormones from
the hypothalamus and anterior pituitary control the female reproductive

cycle as shows in figure (2.2)(Rod, et al ,1996).
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Figure (2.2)Hormonal changes and the female reproductive cycles
(Balusik,2003).
During menstruation the uterine lining is broken down and shed as

menstrual flow. FSH and LH are secreted on day 1, beginning both the
menstrual cycle and the ovarian cycle. Both FSH and LH stimulate the
maturation of a single follicle in one of the ovaries and the secretion of

estrogen. Rising levels of estrogen in the blood trigger secretion of LH,


http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookglossE.html#estrogen
http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookglossPQ.html#progesterone
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which stimulates follicle maturation and ovulation (day 14, or midcycle).

LH stimulates the remaining follicle cells to form the corpus luteum,
which produces both estrogen and progesterone(Shier, et al.
,1998).Estrogen and progesterone stimulate the development of the
endometrium and preparation of the uterine inner lining for implantation
of a zygote. If pregnancy does not occur, the drop in FSH and LH cause
the corpus luteum to disintegrate. The drop in hormones also causes the
sloughing off of the inner lining of the uterus by a series of muscle

contractions of the uterus(Balusik,2003).

2.1. 6 Fertilization of the Ovum

After the male ejaculates semen into the vagina during intercourse, a
few sperm are transported within 5 to 10 minutes upward from the vagina
and through the uterus and fallopian tubes to the ampullae of the fallopian
tubes where fertilization of the ovum takes place.Before a sperm can
enter the ovum, it must first penetrate the corona radiata and then bind
to and penetrate the zona pellucida surrounding the ovum itself(Guyton

and Hall,2006).

Capacitation” of the Spermatozoa-making it possible for them to

Penetrate the Ovum. This normally requires from 1 to 10 hours. Some

changes that are believed to occur are the following:

o The uterine and fallopian tube fluids wash away the various inhibitory
factors that suppress sperm activity in the male genital ducts.

e After ejaculation, the sperm deposited in the vagina swim away from
the cholesterol vesicles upward into uterine cavity, and they gradually
lose much of their other excess cholesterol. In so doing, the membrane
at the head of the sperm (the acrosome) becomes much weaker.

e The membrane of the sperm also becomes much more permeable to

calcium ions, so that calcium now enters the sperm and changes the
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activity of the flagellum.In addition, the calcium ions cause changes in

the cellular membrane, making it possible for the acrosome to release

its enzymes rapidly and easily(Guyton and Hall,2006).
Also the stored enzymes in the acrosome begin to be released. These
enzymes are important in opening pathways between the granulosa cells
so that the sperm can reach the ovum(Balusik,2003).
When the sperm reaches the zona pellucida of the ovum, the anterior
membrane of the sperm itself binds specifically with receptor proteins in
the zona pellucida. Then, rapidly, the entire acrosome dissolves, and all
the acrosomal enzymes are released in to ovum(Shier, et al. ,1998).0Once
a sperm has entered the ovum (which is still in the secondary oocyte stage
of development), the oocyte divides again to form the mature ovum plus a
second polar body that is expelled. The mature ovum still carries in its
nucleus (now called the female pronucleus) 23 chromosomes. In the
meantime, the fertilizing sperm has also changed. On entering the ovum,
its head swells to form a male pronucleus, , the 23 unpaired chromosomes
of the male pronucleus and the 23 unpaired chromosomes of the female
pronucleus align themselves to re-form a complete complement of 46
chromosomes (in the fertilized ovum)(Guyton and Hall,2006).

Therefore successful initiation of pregnancy requires the ovulation
of a mature oocyte, production of competent sperm, proximity of sperm
and oocyte in the reproductive tract, fertilization of the oocyte, transport
of the conceptus into the uterus, and implantation of the embryo into a
properly prepared, healthy endometrium. A dysfunction in any one of
these complex biological steps can cause infertility (Goldman et al.,
2000).
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2.2 Infertility

Infertility refers to inability for conceiving following 12 months of
unprotected sexual intercourse, before an investigation is undertaken
unless medical history and physical findings dictate earlier evaluation and
treatment (American Society for Reproductive Medicine (ASRM), 2004).
Infertility is either primary, in which no previous pregnancy has
occurred, or secondary, in which prior pregnancy has occurred

irrespective of its outcome (Jaiswar et al., 2006).

2.2.1 Prevalence of infertility

The prevalence of female infertility in USA ranges from 7% to
28%, depending on the age of the woman. In developing countries, only a
limited number of papers report on the prevalence of infertility in these
countries ( Boivin et al., 2007). In Asia and Latin-America, a report
compiled by the WHO indicated that the prevalence of infertility in these
regions fell within the range 8-12% of couples of reproductive age
(WHO, 1991).

In general, an estimated 84% of couples conceive after 1 year of
intercourse, and 92% of the couples conceive after 2 years ( Yu SL,
2003).

About 40%-50% of the etiology of infertility studied is due to
female causes (Duckitt, 2003).A primary diagnosis of male factor
infertility is made in 30% of infertile couples. Combined female and male
factor infertility is responsible for 20%-30% of cases and , unexplained
infertility affects 15% of couples (DeCherney ,et al.,2003).

2.2.2 The main causes of female infertility

The main causes of female infertility can be illustrated in Table (2.1)
as shown by (Nathan, 2007).In his study, Duckitt, (2003) has shown that
about 90% of cases of infertility causes have been uncovered, the other


http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=pubmed&pubmedid=18820005#DMN042C14
http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=pubmed&pubmedid=18820005#DMN042C196
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10% of patient has don’t been known the causes ,whereas (10-30) % of
infertility has more than one cause. Recently there is a growing evidence
of possible role of highly reactive products of oxygen, termed free
radicals, in case of infertility (Agarwal ,et al.,2004 ).

Table (2.1) Causes of female infertility

1-Ovulatory factors : 30% 3- Pelvic factor:25%
e Central defect: e |Infection:
Chronic hyperandrogenemic appendicitis
anovulation. pelvic inflammatory disease
Hyperprolactenemia. uterine adhesion.
Hypothalamic insufficiency. Endometriosis.
Pituitary insufficiency. Structural abnormalities :

Peripheral defect: Diethyl stelbosterol(DSE)
Gonadal dysgenesis. exposure.

Premature ovarian failure Failure of normal

Ovarian resistance fusion of reproductive tract
Metabolic diseases:

Thyroid disease 4- Additional Factors

Liver di_sease e Behavioral factors:
Renal disease Diet

Androgen excess. Exercise
2-Cervical factor: 15% Smoking
e congenital factor : Alcohol

mullerian duct abnormality. Drugs
Diethyl stelbosterol(DSE) e Environmental Factors:
exposure.
Acquired factor: surgical
treatment ,infection

2.2.3 Diagnosis of female infertility

An accurate history of couple's personal and medical details
together with a simple light microscopy seminal analysis will identify the
majority of infertility problems related to ovulatory disorders and male
subfertility (Menkveld,et al.,2001).Figure(2.3)shows the diagnostic steps
of infertility:
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Initial investigations

semen analysis / midluteal progesterone

Abnormal semen Normal semen analysis Anovulation
. . . Basal(day 1-3)
analysis (male factor) Ovulation confirmed FSH.LH
v l Prolactine
Aszospermia l TSH
- Testesterone
FSH Mild Tubal evaluation by Sex hormone
Karyotype male hysterosalpingogram (HSG) binding
factor globulin
Vasography or bv laparosconv
ete / l \
Unexplained . —
- Tubal disease iosi
Infertility Endometriosis
v v \
Hypogonadotrophic Normogonadotrophic Hypergonadotrophic hyperprolactinaemia
hypogonadism ovarian failure

Figure (2.3) Investigations of infertility(Edmonds,2007)

So the initial steps for diagnosis of infertility includes:

e Confirmation of ovulation by History and laboratory tests.

e An assessment of the fallopian tubes and the uterus by the use
of an x-ray called Hysterosalpingogram (HSG).

e An assessment of a seminal fluid analysis (SFA).

2.2.4 Mucus secretion and infertility

Under the influence of estrogen, the cervix secretes highly hydrated
mucus, specially at midcycle. Mucus consists essentially of two parts, the
mucin and the water with its dissolved components (Suarez and Pacey,
2005).Cervical mucus has been suggested to influence spermatozoa in a

such manner including:
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e Removal of spermatozoa from the hostile vaginal environment.
e Exclusion of seminal plasma and its components.
e Selective exclusion of certain sperm cells with morphological and
possibly functional abnormalities.
e Retention of spermatozoa for later migration to the upper tract
(Perry, et al.,1996).
Passage of sperm through the female reproductive tract is regulated to
maximize the chance of fertilization and ensure that sperm with
normal morphology and active motility will be the ones to succeed
(Suarez and Pacey ,2005). The normal thinning of cervical mucus at
ovulation functions to make the passage of sperm easier where as poor
mucus at midcycle can be a physical barrier that decreases sperm
penetration and associated with a decreased chance for
fertility(Speroff ,et al., 1999).
Therefore active and highly synchronized interactions between sperm
and female tract fluids appear to be critical for the survival and
functions of sperm(Kawakami ,et al., 2001).
2.2.5 Unexplained Infertility
Guidelines have been established for a standard infertility
evaluation by the American Society for Reproductive Medicine . They
includes a semen analysis, assessment of ovulation and demonstration
of tubal patency by hysterosalpingogram. When the results of a
standard infertility evaluation are normal, practitioners assign a
diagnosis of unexplained infertility(Wang ,et al. ,1997; Valentine, et
al.,2004; Alexander and Dokras,2008 and Edward, 2008).
It doesn’t mean that there is no reason for the infertility, but that
the reason is unable to be identified at that time, and its aetiology
seems to be heterogeneous(Siristatidis and Bhattacharya,2007).

Approximately 10 to 15 percent of couples will receive the diagnosis


http://molehr.oxfordjournals.org/cgi/content/full/10/2/137#GAH018C20
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of unexplained infertility(Smith et al., 2003).

In fact there is often something wrong at a more basic level for example,
it is possible that there is something wrong at the level of the gametes
(ova & sperm); as DNA defect, their interaction with each other, or their
interaction with the female reproductive organs as immunological defects
Couples with unexplained infertility may have problems with oocyte
quality, tubal function, or sperm function that are difficult to diagnose
and/or treat (ASRM,2004).

It is also possible to have sperm that appears normal under a
microscope, however not perform the function of fertilization adequately.
Furthermore, one can have normal sperm but poor quality ova that do not
fertilize or fertilize at a lower than expected rate. If normal ova and sperm
meet, one can expect a fertilization rate between 60 to 90 %.

However; possible causes of unexplained infertility can be :
1. Tubal Abnormalities: It is possible that there may be a subtle defect in
the mechanism by which the fimbria "pick up" the ova at ovulation; or
the cilia in the tube may not function properly(Evers, 2002).
2. Genetic factor (Abnormal ova or sperm): due to a deformed structure
or chromosomal abnormalities(Golubovsky,2008).
3. Trapped ova: In some cases the ova is 'trapped' inside the unbroken
corpus luteum - called a luteinized unruptured follicle syndrome.
4. Luteal phase abnormalities.
5. Immunological factors: The immune system can react against the
man's sperm and kill them, immobilize them, or make them stick together
(Shatavi, et al., 2006).
Women can also develop an immune reaction to the coating of their own
ova, which can prevent sperm from attaching to them.
6. Infections.

7. Inability of sperm to penetrate ova.
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8. Uterine factor: Some women have an abnormal endometrium ( uterine
lining) which does not allow the embryo to implant. This may be
associated with inadequate uterine blood flow, or poor estrogen receptors
in the endometrial cells.

9. Psychological factors.

Critical factors to be considered in evaluating and managing
unexplained infertility are the duration of infertility and age of the female
partner. Younger fertile couples have approximately a 20 percent chance
of spontaneous conception per month.

In contrast, couples with unexplained infertility, who are infertile for
more than three years, have spontaneous conception rates of 1 to 2
percent per month (ASRM,2004).

Because age is an important determinant, further evaluation and therapy
should not be deferred in older women (Tummon,et al., 1988) .

The average monthly fecundity in normal couples is 30%; the monthly
pregnancy rate in couples with unexplained infertility is 1.5-3%. After 3
years of infertility, the prospect of pregnancy decreases by 24% each
year(Crosignani, et al. ,1993).Approximately 60% of couples with
unexplained infertility of less than 3 years duration will become pregnant
with 3 years of expectant management (Crosignani, et al. , 1992 ).

In case of unexplained infertility, any form of treatment is speculated. A
period of three years of unexplained infertility is generally accepted as
minimum duration before active intervention is considered.

Empirical treatment with clomiphene ,intrauterine insemination are used
in treatment of unexplained infertility, if failed , in vitro fertilization is
considered (Gleicher and Barad, 2006).

The utility of anything other than basic tests of semen quality, ovulation
and tubal patency in the diagnosis and management of infertility has yet
to be proven (Crosignani, et al., 1993).
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Recent research on the role of reactive oxygen species (ROS) in
human infertility has received a great deal of interest from the scientists

and medical practitioners (Saleh , et al., 2002 and Agarwal ,et al.,2008 ).

2.3 Free radicals

A free radical is any atom (e.g. oxygen, nitrogen) with at least one
unpaired electron in the outermost shell (Ruder, et al,2008).
Free radical atoms are unstable and highly reactive. They become stable
by acquiring electrons from nucleic acids, lipids, proteins, carbohydrates
or any nearby molecule causing a cascade of chain reactions resulting in
cellular damage and disease (Van Langendonckt, et al., 2002 and Pierce,
et al.,2004). The terms free radical and ROS are commonly used in
an interchangeable manner, despite the fact that not all ROS are free
radicals (Cheeseman and Slater, 1993). For example, hydrogen peroxide
(H20) is considered a ROS but it is not a free radical since it does not
contain unpaired electrons. In addition, there is a sub-class of free radicals
derived from nitrogen (Tremellen , 2008).

There must be a balance between oxidants and antioxidants,
generation of an excess of free radical results in oxidative stress (Fujii ,
et al.,2005).

2.3.1 Types of free radical species:
There are two major types of free radical species: reactive oxygen

species (ROS) and reactive nitrogen species (NOS):

2.3.1.1 Reactive oxygen species (ROS)
The Oxygen centered free radicals are class of powerful oxidants in

the human body. The most common ROS include: the superoxide anion
(O2), the hydroxyl radical (OH "), singlet oxygen(10: ), and a number of

related species ,such as hydrogen peroxide (H20>),that do not themselves
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contain unpaired electrons but are often involved in the generation of
free radicals(Christophersen, et al.,1991).Some biochemical steps can

directly generate the hydrogen peroxide radical as the Figure(2.4) shows:

Figure (2.4) :Conversion of free radicals (José ,et al. ,1999).

2.3.1.2 Reactive nitrogen species

The two common examples of reactive nitrogen species are nitric
oxide (NO) and nitrogen dioxide(NO2 )(Vega, et al.,2001).Nitric oxide is
a highly reactive free radical results in cells and tissues damage (Dong ,et
al.,2001).

2.3.2 Sources of free radicals in human body

The main four endogenous normal sources appear to account for
most of the oxidants produced by cells; are aerobic respiration in
mitochondria, Phagocyte, Peroxisomes and Cytochrome P450
enzymes(Bruce, et al., 1993).Exogenous sources may significantly
increase the large endogenous oxidant load which include: Iron and
copper salts (Lauffer, 1992); smoking and alcohol; normal diets ( fried
food,caffeen) (Ames, et al.,1990 and Gold, et al.,1992); radiation,
sunlight; pollution and xenobiotics (Drugs ,pesticides , anesthetics ,and
industrial solvents) (Bruce ,et al.,1993).
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2.3.3 Physiological role of free radicals:

Depending on free radicals tissue concentration, they can either
exert beneficial physiological effects or pathological damage to cellular
components (Sharma and Agarwal , 1996).Free radicals are involved in:
1-Enzyme-catalyzed reactions.
2-Electron transport in mitochondria.
3-Signal transduction and gene expression.
4-Activation of nuclear transcription factors.
5-Oxidative damage to harmful molecules, dead cells, and necrotic
tissues.
6-Antimicrobial action of neutrophils and macrophages(Prcker,et
al.,2000).

2.3.4 Pathological damage of free radicals

Interaction of free radicals with other compounds results in a chain
reactions of oxidation and reduction which ultimately can lead to cellular
damage as Figure (2.5) shows(Janicki,2008).

Oxidation of DNA molecules, for example, can result in mutation
where as oxidation of protein can result in protein cross-linking and loss
function (Bergamini, et al.,2004).

Reactive oxygen species can attack polyunsaturated fatty acids of the cell
membrane leading to a chain of chemical reactions called lipid
peroxidation and this will lead to decrease structural fluidity of these
compounds, thus resulting in loss of integrity of cellular membranes
(Janicki,2008).

It is possible to measure the extent of peroxidative damage by estimating
the stable end products of lipid peroxidation such as MDA( Agarwal, et
al., 2004).



Chapter Two : Literatures Review 19

Metal binding proteins

Antioxidant compounds
45, (u-tocopherol [3-carotene, urate...)

-ve l
Transition metal ions
Fe""". culll, <«——>» Oxidants

AN S T R R T o L)

)
Antioxidant enzymes

Extracellular environment

Lipid peroxidation —O— Protein cross-linking

Normal cell

< 2T T ST ™ o~

Direct repair QT “’(v""’(j ""C-—U LN Indirect repair
(reduction of * DNA strand breaks (replacement of

oxidized molecules) * Mutations oxidized molecules)

¥

Cellular environment

g, — & —p

damaged cell

Apoptosis Necrosis

Figure (2. 5) Mechanisms of oxidative stress-induced cell
damage(Agarwal ,et al.,2005a)

2.4 Antioxidant defense system

Organisms have developed efficient protective mechanisms against
excessive accumulation of free radicals called antioxidants(Ebisch ,et
al.,2007).
Free radicals are neutralized by an elaborate antioxidant defense system.
In a healthy body, pro-oxidants and antioxidants maintain a ratio and a
shift in this ratio towards pro-oxidants gives rise to oxidative stress.
Whenever ROS levels become pathologically elevated, antioxidants begin
to work and help minimize the oxidative damage, repair it or prevent it(
Zini ,et al., 2000).An antioxidant can be defined as any substance that,
when present at low concentration compared to those of an oxidizable
substance, significantly delays or prevents the oxidation of that
substrate(Lunec and Ann,1990).
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Under normal conditions, antioxidants convert ROS to H,O to
prevent overproduction of ROS.
The different possible mechanisms by which antioxidants may
offer protection against free radical damage include :
e Prevention of formation of free radicals.
e Interception of free radicals by scavenging the reactive metabolites
and converting them to less reactive molecules.
e Facilitating the repair of damage caused by free radicals .
e Providing a favourable environment for effective functioning of other
antioxidants( Battino ,et al.,2002 and Pendyala ,et al., 2008).
2.4.1 Types of antioxidants
There are two types of antioxidants in the human body: enzymatic
and non-enzymatic antioxidants (Agarwal,et al.,2005):
2.4.1.1 Enzymatic antioxidants
Enzymatic antioxidants are also known as natural antioxidants.
They are mainly composed of :
e Superoxide dismutase.
o Catalase.
e Glutathione peroxidase .
Antioxidant enzymes may act in a coordinate manner to defend

living tissue from oxidant ( Quinlan, et al.,1994).

2.4.1.1.1 Superoxide dismutase:

Superoxide dismutase is a protein dimer ,destroys the free radical
superoxide by converting it to peroxide that can in turn be destroyed by
CAT or GPX reactions. Superoxide dismutase converts the highly
reactive superoxide radical to the less reactive H202(Benov and
Fridovich,1998).
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2.4.1.1.2 Catalase(CAT):

Catalase is a hemoprotein enzyme of the oxidoreductase class that
catalyzes the convertion of hydrogen peroxide to water and oxygen,
protecting cells(Boon et al., 2007). It is found in almost all cells except
certain alibgate anaerobic bacteria ( Alberts , et al., 2002).Deficiency of
the enzyme ,an autosomal recessive trait result in acatalasia
(Brioukhanov, et al.,2006).

2.4.1.1.3 Glutathione peroxidase:

Glutathione peroxidase, is a tetramer protein containing selenium,
and uses glutathione as a co-substrate. Glutathione peroxidase is a
cytosolic enzyme and also eliminates H,O; but, in comparison to
catalase, has a wider range of substrates including lipid peroxides.
Glutathione peroxidase primarily functions to detoxify low levels of H,0,
in the cell(Jose, et al .,1999).

2.4.1.2 Non-enzymatic antioxidants

Non-enzymatic antioxidants are also known as synthetic
antioxidants or dietary supplements. The body's complex antioxidant
system is influenced by dietary intake of antioxidant vitamins and
minerals such as vitamin C, vitamin E, selenium, zinc, glutathione and

beta carotene (Agarwal, et al.,2005).

2.4.1.2.1 Glutathione

Glutathione is a tripeptide, gamma glutamyl —cysteinyl-glycin,
that is widely distributed in animal and plant tissue .It exist in both the
reduced thiol form (GSH) 90% and the oxidize disulfied form (GSSG)
10% (Sies,1999).


http://jme.endocrinology-journals.org/cgi/content/full/34/3/625#SIES-1999
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It function in various redox reactions such as the destruction of
peroxide and free radicals , the detoxification of harmful compounds and
activity as damage by reduction of methemoglobin and peroxide.
Glutathione is also involved in the formation and maintenance of
disulfied bonds in protein and in transport of amino acids across cell
membrain (Giordano, et al. ,2007 and McConnachie, et al., 2007).

All cells in the human body are capable of synthesizing glutathione
Specially the liver( Chen, et al .,2007).

2.4.1.2.1.1 Physiological role of Glutathione

GSH has multiple functions for antioxidant defense for :

1- Glutathione is a major thiol source maintaining essential redox status of
the cell.

2- It reduces disulfide linkage of proteins and other molecules
maintaining antioxidant enzymes in the reduced state.

3- It is a major nontoxic storage form of cysteine providing a vehicle for
transport between organs .

4- It plays an important role in the reduction of ribonucleotides to deoxy-
Ribonucleotides (Pollack and Leeuwenburgh,2004).
Without the protection from oxidative injury afforded by glutathione,

cells may be damaged or killed ( Pereira and Oliveira ,2000).

2.5.1.2.2 Vitamin C (Ascorbic acid)

Vitamin C is a water soluble vitamin found in many fruit and
vegetable(Svirbelf and Gyorgyi, 2007). It is a six-carbon keto-lactone
,synthesized from glucose via several intermediates ( Davis ,et al., 1991).
Vitamin C is required for optimal functions of number of enzymes
;deficiency cause scurvy and poor wound repair. It is also considered a
chain breaking antioxidant that stops the propagation of the peroxidative

process. Vitamin C also helps recycle oxidized vitamin E and glutathione
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( Chan ,1993). It is an unstable ,easily oxidized acid and can be destroyed
by oxygen, alkaline and high temperature .Humans cannot synthesize
vitamin C, so they take it from exogenous supplement or diet found in
many fruit and vegetable (Igbal ,et al.,2004).

Ascorbic acid has three main biological functions, each dependent
on its role as a reducing agent:

e [tis required for biosynthesis of collagen.

e For biosynthesis of steroids and peptide hormones, Indirectly,
ascorbic acid plays important regulatory roles throughout the entire
body due to its involvement in the synthesis of hormones,
hormone-releasing factors, and neurotransmitters (Groff, et al.,
1995) and

e [For prevention or reduction of the oxidation of biomolecules ,and
protects the body from the harmful effects of free radicals and
pollutants (Igbal ,et al. ,2004).

Reactive oxygen species oxidize (take electrons) from ascorbate to be
changed to monodehydroascorbate and then dehydroascorbate. The ROS
are reduced to water, while the oxidized forms of ascorbate are relatively
stable and unreactive, and do not cause cellular damage ( Stone, 1972).

The water-soluble properties of vitamin C allow for the quenching
of free radicals before they reach the cellular membrane.

Tocopherol and GSH also rely on vitamin C for regeneration back
to their active isoforms. The relationship between vitamin C and
Glutathione is unique. Vitamin C reduces GSH back to the active form.
Once reduced, Glutathione will regenerate vitamin C from its oxidized
state. Vitamin C protects the DNA of the cells from the damage caused
by free radicals and mutagens. It prevents harmful genetic alterations
within cells (Gaby and Singh, 1991).


http://www.seanet.com/~alexs/ascorbate/197x/stone-i-orthomol_psych-1972-v1-n2-3-p82.htm
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2.4.1.2.3 Vitamin E

Vitamin E is the collective name for a set of at least eight related
tocopherols and tocotrienols compounds with similar biological
antioxidants activity , particularly alpha-tocopherol , as shown in Figure
(2.6),which are fat-soluble vitamins with antioxidant properties(Herrera
and Barbas,2001).

3

c-tocopherol, R4y = Rz = Ry = CHy y-tocopherol, Ry =R =CHaz Ra=H
a-tocotrienol, Ry = Rz = Ry = CH4 y-tocotriencl, Ry =R;=CH3 Ry =H

f-tocopherol, Ry = R; =CH; Rz =H d-tocopherol, Ry =R;=Rz=H
fi-tocotrienol, Ry = R3=CH5;, R =H o-tocotrienol, Ry =Rz =Rz=H

Figure(2.6) Types of Vitamin E (Packer ,et al. ,2001)

2.4.1.2.3.1 Physiological Role of Vitamin E

The primary role of vitamin E within the body is to function as an
antioxidant. Vitamin E is considered to be the major chain breaking
antioxidant in membranes (Chitra and Devi, 2008). Within cells and
organelles (e.g. mitochondria) vitamin E is the first line of defense
against lipid peroxidation. Moreover, it plays a very important function in
lending red blood cells flexibility as they make their way through the
arterial network and helps prolong the life of erythrocytes, immune
function, and has positive effects in the fertility (Lukaski, 2004). The
tocopherol radical is at best useless for further lipid peroxidation
termination, and at worst a pro-oxidant. It must be recycled to the reduced
form Dby other antioxidants. Vitamin C regenerates Vitamin E and
Vitamin C is ,in turn by regenerated glutathione (Rigotti,2007).


http://en.wikipedia.org/wiki/Tocopherol
http://en.wikipedia.org/wiki/Tocotrienol
http://en.wikipedia.org/wiki/Tocopherol
http://en.wikipedia.org/wiki/File:VitE.png
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2.5 Oxidative stress in female reproduction

The presence of oxidant and antioxidant systems in various
reproductive tissues has evoked great interest in the role of OS in human
reproduction (Agarwal ,et al.,2004). The role of ROS and antioxidants in
relation to female reproductive function has, in contrast, received
relatively little attention (Guerin, et al., 2001).

Oxidative stress influences the entire reproductive span of women's life
and even thereafter (i.e. menopause).

Free radicals appear to have a physiological role in female
reproductive system in many different processes such as: oocyte
maturation, fertilization, luteal regression, endometrial shedding and
progesterone production by the corpus luteum (Sugino ,et al., 2004).
Protection from ROS is afforded by scavengers present in both male and
female reproductive tract fluids, as well as in seminal plasma (Uerin, et
al.,2001 and Fujii, et al.,2005).

2.5.1 Free radicals, antioxidants, and reproductive processes in

women

The production of a viable oocyte is modulated by a complex
interaction of endocrine, paracrine and autocrine factors, leading to
follicular maturation, granulosa cell maturation, ovulation and
luteinization (Agarwal, et al., 2003). Elevated concentrations of ROS in
these environments may have detrimental effects on the spermatozoa,
oocytes, sperm oocyte interaction and embryos both in the Fallopian tube
and the peritoneal cavity ;therefore oxidative stress modulates a host of
reproductive pathologies affecting natural fertility in a woman’s life
(Agarwal, et al., 2009).Free radicals plays a role in the physiology of
ovarian function (Agarwal ,et al.,2006). They may have a regulatory role

in oocyte maturation ,folliculogenesis (as shown in Figure (2. 7)),ovarian
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steroidogenesis and luteolysis ( Agarwal,et al ,2005).There is a delicate
balance between ROS and antioxidant enzymes in the ovarian tissues
(Agarwal ,et al.,2005a). Vitamin C deficiency characteristically produces
ovarian atrophy and extensive follicular atresia (Agarwal, et al.,2005).
Glutathione has been identified as critical for oocyte maturation and
formation of the male sperm pronucleus(PN) (Ruder, et al.,2008).
Glutathione in mature oocytes is thought to be a highly relevant
biochemical marker for the viability of mammalian oocytes (Zuelke, et
al., 2003; Luberda, 2005).Hence, Follicular ROS initiate apoptosis;
whereas follicular Glutathione, in addition to FSH, protect against
apoptosis in cultured pre-ovulatory rat follicles (Turton and Luderer,
2006).The secreted Glutathione would protect oocytes against excessively
produced ROS that occurs during the ovulation, thus maintaining
fertilization potency (lkeda, et al., 2005 and Dalvit, et al.,2005).

Background Atresia
ROS Effect

Secondary Follicle
(Preantral)

Figure (2. 7) Reactive oxygen species in folliculogenesis in women
ovary ( Agarwal, et al. ,2008).
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Goto ,et al.(2002) observe that integrity of the antioxidant defenses

within the different stages of oocyte development may contribute
significantly to the overall quality of the oocytes. One consequence of an
excess of ROS in the ovary may be plasma membrane damage of the
oocytes. The significance of such damage for female fertility, however, is
unknown.
Glutathione peroxidase may also maintain low levels of free radicals
inside the follicle and thus play an important role in gametogenesis and
fertilization( Agarwal, et al.,2005a). Glutathione is considered the major
source of redox potential in the oocyte (Fujii,2005).0ocytes are also rich
in glutathione reductase (Gardiner, et al. 1998 and Paszkowski, et
al.,1995) .

Reactive oxygen species are produced during luteal regression
(Behrman, et al., 2001). Because the corpus luteum produces much of the
progesterone ; ROS are produced as a byproduct (Behrman ,et al., 2001).
The detoxification of the produced ROS by GSH in conjunction with
antioxidative enzymes would be particularly important for the corpus
luteum and surrounding cells (Tatemoto, et al.,2000).

Reactive oxygen species may act as important mediators in

hormone signaling, ovarian steroidogenesis and germ cell function (
Agarwal ,et al.,2006).
Oxidative stress may affect theca-interstitial cells by inducing their
proliferation and growth. Higher doses of Oxidative stress inhibited the
proliferation of the theca-interstitial cells while antioxidants stimulate the
release of gonadotrophins from the adenohypophysis (Duleba et
al.,2004).

Cells involved in steroidogenesis such as theca cells, granulosa
lutein cells, and hilus cells show stronger oxidative enzyme activity

(Scully and Cohen, 1964). Over-exposure of the ovary to H,O, causes the
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LH receptor to uncouple from adenyle cyclase, thereby impairing protein
synthesis and cholesterol utilization by mitochondria (Behrman, et al.,
2001).

Data suggest that vitamin C has defined functions in hormone

secretion, gamete protection, and gonadal tissue remodeling (Franceschi,
1992).Steroidogenesis appears to be ascorbate-dependent(Tsuji, et al.,
1989) and the reduced concentrations of antioxidants often coincide with
poor fertilization success rates (Paszkowski, et al.,2002).
Reactive oxygen species therefore play a role in the formation of the
corpus luteum and steroidogenesis. Imbalance in redox leading to luteal
regression that results in lack of luteal support to pregnancy (Agarwal and
Allamaneni ,2004).

Endogenous NO system exists in the fallopian tubes( Agarwal, et
al., 2005). NO has a relaxing effect on smooth muscles and it has similar
effects on tubular contractility. Deficiency of NO may lead to tubal
motility dysfunction, resulting in retention of the ovum, delayed sperm
transport and infertility. Increased NO levels in the fallopian tubes are
cytotoxic to the invading microbes and also may be toxic to
spermatozoa(Agarwal,et al., 2005a).

In male ,ROS cause infertility by two principal mechanisms:

e Reactive oxygen species damage the sperm membrane which,
in turn, reduces the sperm's motility and ability to fuse with the
oocyte.

e Damage sperm DNA, compromising the paternal genomic
contribution to the embryo (Tremellen,2008).

The percentage of sperm with DNA damage is negatively correlated with
the fertilization rate (Sun , et al.,1997). Oocytes can repair DNA damage
to some extent, but when the damage is severe, embryo death and

miscarriages can occur.
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The inability of sperm to fuse with an oocyte appears to be due to the
effects of ROS on the sperm membrane. As a result of lipid peroxidation
process, spermatozoa are unable to initiate the necessary biochemical
reactions associated with acrosome reaction, zona pellucida binding and
oocyte penetration (Griveau and Lannou, 1997).

In addition, ROS brings about changes in the endometrium that prepare it
for implantation (Agarwall, et al., 2006). Nitric oxide functions as an
important vasodilator, neurotransmitter, regulator of implantation
(Guerin, et al.,2001) and may also contribute as an anti-platelet agent

during implantation (Cameron and Campbell, 1998) .

2.6 Oxidative Stress and Female Infertility

The role of Oxidative Stress in female reproductive diseases and
infertility is under intense investigations (Guerin, et al., 2001;Bedaiwy, et
al., 2002 and Paszkowski, et al, 2002).Whenever there is imbalance in the
levels of ROS and antioxidants, damage can occur to oocytes and
embryos through various pathological mechanisms ( Agarwal ,et al.
,2005).

Oxidative Stress has been reported to have an important role in the
pathogenesis of female infertility (Agarwal and Allamaneni, 2004).
Some studies have suggested that ROS are involved in various causative
factors of infertility, i.e. peritoneal factor, tubal factor, endometriosis and
unexplained infertility. The scientific basis of unexplained infertility
remains a challenge, and OS may have a role in its pathophysiology
(Agarwal, et al.,2005 a).

Free radicals can affect the female fertility potential in number of
ways which can contribute negatively to a number of reproductive

processes including folliculogenesis, oocyte maturation, sperm DNA
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damage, necrozoospermia, asthenospermia, endometriosis ( Guerin, et al.,
2001 and Behrman , et al., 2001). High levels of ROS play an important
role in the etiology of male and female infertility .It has been proposed
that the imbalance between antioxidants and ROS, favoring the latter, is
responsible for increased OS levels that induce infertility( Savita,et
al.,2009). Fissore ,et al.( 2002) have found that OS is associated with
maternal aging and postovulatory aging of the ova. The Role of oxidative

stress in fertility is shown in Figure (2.8 ) :
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Figure ( 2.8) Role of oxidative stress in fertility (Ruber, et al.,2008)

2.6.1 Unexplained infertility
Unexplained infertility can result from increased ROS production
in the peritoneal cavity. Samples of peritoneal fluid from women with

unexplained infertility often are characterized by increased ROS levels;


http://humupd.oxfordjournals.org/cgi/content/full/dmn011v1/DMN011F3
http://humupd.oxfordjournals.org/cgi/content/full/dmn011v1/DMN011F3
http://humupd.oxfordjournals.org/cgi/content/full/dmn011v1/DMN011F3
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furthermore, antioxidant levels in patients with unexplained infertility are
significantly lower than those of healthy controls (Polak, et al.,2001).
Elevated OS and ROS levels as well as decrease antioxidant
concentrations in peritoneal fluid and serum have also been demonstrated
in unexplained infertility, tubal infertility, and endometriosis patients
(Agarwal, et al.,2008).

In human, Paszkowski ,et al. (1999) find decreased levels of
glutathioine peroxidase in follicular fluid of women with unexplained
infertility .

Bedaiwy , et al.(2002), find that ROS levels in the peritoneal fluid are
significantly higher in the patients with idiopathic infertility compared
with the fertile women.

Women with unexplained infertility have reduced concentrations of
antioxidants and increased ROS-induced lipid peroxidation damage
resulting in infertility (Agarwal, et al.,2005). Dong et al. (2001) have
shown significantly high levels of nitric oxide in peritoneal fluid of
patients with unexplained infertility and endometriosis and Pyari , et
al.(2006) have shown significantly lowest levels of catalase enzyme in
cases of unexplained infertility.

Agarwal ,et al. (2006) find that reduced levels of antioxidants and
increased ROS-induced lipid peroxidation damage may have a role in
pathophysiology of unexplained infertility.

Explicating the role of OS in unexplained infertility is important to design
strategies to ameliorate the OS related adverse effects(Agarwal, et
al.,2009).

2.7 The effect of some factors on free radicals levels

2.7.1 Body weight

The effects of body weight and weight change on OS have only
recently been investigated. More studies on this topic are needed, since
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both inadequate and excessive energy intakes have been associated with
reduced fertility among women (Allaire, 2006).

Research has focused on the effects of energy intake on hormonal
patterns and menstrual cycles , ovulatory dysfunction and later age at
menarche have been associated with both low and high body mass index
(BMI, calculated as kg/m?) , energy intake and high levels of physical
activity (De Souza and Williams, 2004).

2.7.2 Age

It has been suggested that the age-related decline in fertility is
modulated by OS (de Bruin, et al., 2002). Moreover, there is an age
related decline in the number and quality of follicles in females (Tarin ,
1996 and Dumollard ,et al. ,2007).
Several studies have investigated if there is an age-associated increase in
the generation of oxidants by mitochondria (Agarwal, et al.,2005a). Free
radical activity of human follicular fluid increases with age (Wiener-
Megnazi , et al.,, 2004) as does apoptosis(programmed cell death) of
human granulosa and cumulus cells (Sadraie ,et al., 2000 ; Moffatt ,et al.,
2002 and Takahashi, et al. 2003). Carbone ,et al.(2003) find that a
reduction in the expression of glutathione and CAT activity is
demonstrated in older women compared with young controls. Yeh, et
al.(2005) show alterations in antioxidant defense with age. It is
hypothesized that diminished antioxidant status may induce apoptosis

during luteal regression and lead to decreased progesterone synthesis.

2.7.3 Smoking

Smoking is known to decrease fertility in women ( Hakim, et al.,
1998), likely through an increase in OS. A history of smoking is
associated with high levels of oxidative stress (Saleh and Agarwal,2002).
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The oxides of nitrogen (NO) in cigarette smoke damage macromolecules
and deplete antioxidant. This is likely to contribute significantly to the
pathology of smoking (Agarwal, et al. ,2005).

Dietary intakes of smokers; however, are different from non-smokers,
confounding this relationship (Agarwal ,et al.,2005a). It is found that
intrafollicular exposure to cigarette smoking metabolites was associated
with a significant increase in follicular lipid peroxidation and decrease in
the local antioxidative potential( Dumollard,et al.,2007).Smoking
significantly reduced glutathione peroxidase concentration in the
follicular fluid (Paszkowski , et al., 2002). Consequently, OS imbalance
may be responsible for impaired folliculogenesis in female smokers
(Paszkowski, et al.,2002 and Agarwal ,et al.,2006).

2.8 Overcoming OS in female infertility

Oxidative stress can be overcome by reducing generation of ROS
or increasing the amounts of antioxidants available(Agarwal et
al,2005).So prior to the treatment of female infertility, ROS levels should
be assessed. By estimating ROS levels, it may be possible to identify the
causes of infertility, especially in cases of idiopathic infertility (Agarwal,
et al.,2008). It is important to identify the source of increased ROS
generation(Agarwal, et al.,2003). Patients with history of smoking should
be advised to stop smoking. In addition, Any exposure to drugs, toxic
substances and radiation should be checked and patients should be
advised to stop exposure to them.
Infections of the reproductive tract should be treated with appropriate
antibiotics (Agarwal ,et al. ,2004).Initially, specific therapeutic options
directed against the etiological cause of raised ROS should be
tried(Agarwal ,et al. ,2004). After treating the primary cause, patients can
be advised to take antioxidant supplementation.Antioxidants can be
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started directly when a specific aetiology cannot be identified
(unexplained infertility) (Agarwal ,et al. ,2008).Considerable interest has
been generated in the use of antioxidants to overcome the adverse and
pathological results of OS. Some studies that used nutritional
supplements and antioxidants, like vitamin C supplementation to protect
against ROS and OS. However, there is a lack of consensus on the type
and dosage of antioxidants to be used (Agarwal ,et al.,2005). In vivo
antioxidants may be helpful in smoker infertile women (Paszkowski ,et
al.,2002). A study , impact of a nutritional supplement, containing
vitamin E, iron, zinc and selenium, is examined. The patients receiving
the supplement experienced a significant increase in ovulation rates and
pregnancy rates compared with the placebo group (Westphal ,et al.,
2004). Indirect evidence of the importance of OS and its control with
antioxidant intake is provided by studies that have shown that
preconceptional multivitamin supplementation may enhance fertility,
perhaps by increasing menstrual cycle regularity (Czeizel, etal., 1994 and
Dudas, et al., 1995) or via prevention of ovulatory disorders (Chavarro ,et
al., 2007).In general, when supplemental vitamins C and E are given to
older mice, the age-associated reduction in ovulation is partially
prevented (Tarin, et al., 2002).There is sufficient evidence to hypothesize
that diet, particularly its constituent antioxidants, and OS may influence

the timing and maintenance of a viable pregnancy( Ruder, et al. ,2008).



Chapter Three

Materials and Methods
3.1 Materials

3.1.1 Patients and control groups
3.1.1.1 Control group

This group consists of thirty apparently healthy fertile women, with
a mean age (30.133£8.011years), and range from 18 to 44 years were
investigated to serve as a controlling group. None of them had clinical
or laboratory evidence of diseases that would affect the parameters to be
measured.
3.1.1.2 Patients group

Couples resident in Babylon with unexplained infertility of more

than 12 months duration were identified from the Fertility Clinic
database in Babylon maternity hospital and private clinic. The patients
were seen between August 2008 and May 2009.
The following criteria have been used to establish the diagnosis of
unexplained infertility: mid-luteal serum progesterone concentration
>20 nmol/l, bilateral tubal patency demonstrated by laparoscopy or
hysterosalpingogram and normal semen parameters (WHQO,1999).

Sixty women had been studied, with a mean of age (29.866
+7.195 years), and from 18 to 44 years ; 26 with primary unexplained
infertility and 34 have secondary unexplained infertility. Those having
male factor of infertility or female factors or any other an associated
condition which could alter the level of free radicals like, hypertension,
diabetes mellitus, heart disease, malignancy, and antioxidant therapy,

had been excluded from the study. Each subject was involved to
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detailed clinical history and physical examination. The infertile group
had undergone baseline investigations of infertility.
3.1.2 Instruments and Equipments

Table 3.1 The apparatus used in this study:

Instrumental Supplied Company

Spectrophotometer, Cecil 10ll
(UV-visible)

Spectronic 303,Milton Roy(USA)

Spectrophotometer Apel (Japan)

Vortex mixer Janke and Kunkel (Germany)

Schutzart Din  40050-IP memert

Water Bath GMBH,Schwabach 20FRG( Germany)

Incubator Fisher Scientific (USA)

Centrifuge Sigma (Germany)

Glass slide Sigma (Germany)

Casco's speculum Sigma (Germany)

Micropipette 20,100 — 1000,
20 - 200 ,5-50.

Slamed(Germany)

Electronic balance Sartorius(Germany)

Distillator Bibby science(England)

Glass stirring Standard (Germany )

Centrifuge tube Mes(1 gm) Fisonsm(England)

Plane tube Afma-Dispo-(Jordan)
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3.1.3 Chemicals
Table 3.2 The Chemicals used in this study:

Chemicals

Origin

Ethylenediaminetetraacetic acid dihydrate (EDTA)-2H,0

Gainlang chemical
(England)

Methanol

Fluka (Switzerland)

5,5-Dithio bis(2-nitrobenzoic acid) (DTNB)

Fluka (Switzerland)

Metaphosphoric acid ( m-HPO3)

Fluka(Switzerland)

Sulfuric acid ( H,SOy)

Fluka(Switzerland)

Thiourea

Fluka(Switzerland)

Copper sulfate

Fluka(Switzerland)

Potassium dihydrogen orthophosphate (KH2PO,. 2H,0)

Chem-supply (south
Australia)

H.0, 30%

BDH (England)

Thiobarbutric acid (TBA)

BDH(England)

Disodium hydrogen orthophosphate(Na,HPO,.2H,0)

BDH (England)

Tris hydroxymethylene Aminomethane

BDH(England)

Hydrochloric acid (HCL).

BDH (England)

N acetyl L cystiene

BDH (England)

Ascorbic acid standards

Biochemical

Glutathione Standard (GSH)

Merch (Germany)

Trichloroacetic acid(TCA)

Thomas Baker (India)

Total protein Kit

Biomegreb (Tunis)

Serum Albumin Kit

Biomegreb ( Tunis)

Sodium hydroxide (NaOH)

Merch (Germany)

ferric chloride (Fecl 3)

BDH (England)

a -a. dipyridyle

Merch (Germany)

Heptane

Merch (Germany)

Ethanol

Fluka(Switzerland)

Anti A, Anti B, Anti D

Sigma (Germany)

pH-paper

HANNA (Portugal)
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3.2 Methods

3.2.1 Collection of blood and cervical secretion
3.2.1.1 Collection of blood and serum preparation

About 5 ml of venous blood for specific test of markers was
collected by vein puncture using 5ml disposable syringes. Some blood
drops are put on slide for blood group typing .The reminder blood was
put in plain tubes and allowed to clot, then separated by centrifugation
5-10 minutes at 1000xg - 2000xg (Bioshop ,et al.,2000). The obtained
sera was put then in another disposable tubes and labeled. The samples
were transferred to the biochemical laboratory for analysis of MDA as a
marker of free radicals, CAT as scavenging enzymes and vitamin C ,
vitamin E and GSH as non-enzymatic scavengers as well as for analysis

of serum proteins level.

3.2.1.2 Collection of cervical secretion

About 0.5 ml of cervical secretion was taken by syringe from
high cervix using cusco speculum, labeled and storage at — 20 Ce.
For biochemical tests, the mucus must be liquefied by mucolytic agent
of N-acetyl L- cycteine at concentration 0.2 mg/ml which prepared by
weight 0.2 mg of N-acetyl L- cycteine and complete to one milliliter
with DW (White,2007 and Tirouvanziam, 2006).

3.2.2 Hematological test

3.2.2.1 Determination of ABO and Rh (D) blood groups
3.2.2.1.1 ABO blood groups

There are four main blood groups: A,B,AB and O according to
the presence or absence of two antigens ;A and B (Dacie and

Lewis,2005) as follows:
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blood groups Antigens in red blood cells | Antibodies in serum

A A Anti-B

B B Anti-A

A+B none

Neither A or B Anti-A + Anti

3.2.2.1.1.1 Principle

Determination of ABO blood groups of red cells depends on
testing them with known anti-A and anti-B sera. The presence or
absence of agglutination indicating the group of each cell sample(Dacie
and Lewis,2005).
3.2.2.1.1.2 Reagents

1-anti-A sera.

2-anti-B sera.

3.2.2.1.2 Rh (D) blood groups
Besides the A and B agglutinoges , human red cells carry many
other antigen .The only one which needs specific consideration was that

of Rh system.

3.2.2.1.2.1 Principle
Determination of Rh blood groups of red cells depends on testing
them with known anti-D sera. The presence or absence of agglutination

indicating the presence or absence of Rh antigen in each cell sample.

3.2.2.1.2.2 Reagents
anti-D sera

3.2.2.1.3 Procedure
The slide method includes the following steps:

- The microscope slide is divided into three areas: A,B,D.
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- One drop of anti-A serum, anti-B serum and anti-D serum was placed
in area A,B and D division respectively.

- One drop of blood was added into each division (A,B and D) next to
the drop of test serum and mixed them with clean match stick.

- After 2 minutes, the area was observed for the evidence of
agglutination of the red cells ( read microscopically).

The blood group was found using the following table:

blood groups

Rh was found using the following table:

(+) indicate agglutination.

(-) indicate no agglutination.
3.2.3 Biochemical tests
3.2.3.1 Measurement of serum protein
3.2.3.1.1 Measurement of total serum protein

Many methods have been developed to measure the total protein
content of biological fluids, such as, ultraviolet absorption, dye binding
and electrophoresis (Burtis and Ashwood ,1999).
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In the present study, total serum protein was measured by the use
of commercially available Kkits (Biomegreb (Tunis)), based on biuret
method (Bishop,et al.,2000; Varley ,et al.,1991).

3.2.3.1.1.1 Principle

Peptide bonds of protein react with cupric ion (Cu?*) in alkaline
solution to form a coloured product whose absorbance was measured
spectrophotometrically at 540 nm (Bishop, et al.,2000).

3.2.3.1.1.2 Reagents

Reagentl

Alkaline reagent :potassium —sodium tartrate 12 mmol \I
Sodium hydroxide 0.6 mmol \I
Potassium iodide 30 mmol \I

Reagent2

Colouring Reagent  cooprrsulphate 0.6 mol \I

Reagent3

Standard bovine albumin 5g\dl

3.2.3.1.1.3 Procedure

Three set of tubes were prepared as follows:

Reagent Blank reagent Standard

Sample -

R3:standard 20 pl

Working reagent

(R1 &R?2) L ml

Tubes were mixed and incubated for 5 minutes at 20-25 C°, and the

absorbency of standard, blank and sample was read by
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spectrophotometer at absorbency (A) 546 nm (the colour of reaction
was stable for 30 minutes).
3.2.3.1.1.4 Calculation

The total serum protein level was obtained from the following

equation:
A sample — A blank

Total protein = X n
A standard - A blank

g\dl: n=5 : g\l: n=50

3.2.3.1.2 Measurement of serum albumin

The determination of albumin in serum or plasma was usually
based on the binding behavior of the protein with anionic dyes such as,
bromocresol green (BCG), in a manual or automated procedure.
Electrophoretic and immunochemical methods were also available for
the analysis of albumin (Burtis and Ashwood ,1999).

In the present study, serum albumin was measured by the use
of commercially available kits (Biomegreb (Tunis)), based on

bromocresol green method (Doumas ,et al .,1971).

3.2.3.1.2.1 Principle

The measurement of serum albumin was based on its quantitative
binding to the indicator 3,3", 5,5 -tetrabromo-m-cresol sulphonphthalin
(bromocresol green). The absorption of bromocresol green -albumin
complex was determined spectrophotometrically at 628nm. The binding
of bromocresol green to aloumin was not wholly specific; some dye
binds also to aj-and az-glubulins, although more slowly than with
albumin (Burtis and Ashwood, 1999 and Varley ,et al. , 1991).
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3.2.3.1.2.2 Reagents

Reagentl : bromocresol green 0.14 g\l
Reagent2 : Succinate Buffer 75 mmol\l
Brij 7mol\l
Reagent3 : bovine albumin 50 g\l
724 Mm  ol\l

3.2.3.1.2.3 Procedure

Three set of tubes are prepared as follows:

Reagent Blank reagent Standard sample
sample - - 10 pL
R3:standard - 10pL -

Working reagent

(R1 &R?2) 2 ml 2 ml 2 ml

Tubes were mixed. The absorbency of standard, blank and sample was
read by spectrophotometer at absorbency (A) 628 nm after 5 minutes

(the colour of reaction is stable for 30 minutes ).

3.2.3.1.2.4 Calculation

The serum albumin level is obtained from the following equation:

A sample - A plank
serum albumin level = X n

A standard - A blank

gdl:n=5 ; g\l: n=50

3.2.3.1.3 Measurement of serum globulin
Serum globulin was measured by subtraction of serum albumin

from total serum protein (Bishop ,et al.,2000) as follows:

serum globulin = total serum protein — serum albumin
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3.2.3.2 Determination of Malondialdehyde level in sera and cervical
secretions
3.2.3.2.1 Principle

Measurement of MDA, a secondary product of lipid peroxidation,
was based on the calorimetric reaction with thiobarbituric acid (TBA) to
form pink color product ,which could be measured by

spectrophotometer(Lunec ,1990). :

3.2.3.2.2 Preparation of reagents
1. 17.5% trichloroacetic acid (TCA).
17.5 gm of trichloroacetic acid were dissolved in 100 ml DW.
2. 0.6% thiobarbituric acid (TBA).
0.6gm thiobarbituric acid were dissolved in 100 ml DW.
3. 70% trichloroacetic acid (TCA).

70 gm of trichloroacetic acid were dissolved in 100 ml DW.

3.2.3.2.3 Procedure
The level of MDA was determined by a modified procedure
described by Burtis and Ashwood (1999) in which two groups of tubes

were prepared as follows :

reagent

Serum or cervical secretion

TCA (17.5)

TBA(0.6%)

All tubes were mixed by vortex . Then they were put in boiling water
bath for 15 minutes and allowed to cool in room temperature.

After that, 1 ml of TCA 70% was added for each tube, and the tubes
were let to stand at room temperature for 20 minutes .All tubes were
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centrifuged at 3000 x g for 15 minutes and the supernatant was taken
out to measure the absorbance of sample at 532nm by

spectrophotometer.

3.2.3.2.4 Calculation

The concentration of MDA was obtained from following

equation:
Absorbance at 532 nm
The concentration of MDA = % D
Eo X L
Where:

L : light bath (1 cm)

Eo : extinction coefficient = 1.56 x 10° M/cm

1 ml vol. Used in ref. = 67
0.15

3.2.3.3 Measurement of Catalase Activity in sera and cervical

D : dilution factor =

secretions

As mention , CAT was a heme enzyme that contains four
ferriprotoporphyrin groups molecules and was present in peroxisomes. It
catalyzes the divalent reduction of H,O, (at high concentration) to water.

Its activity could be induced by oxidative stresses (Cohen, et al.,1970).

3.2.3.3.1 Principle
Catalase activity was determined by the decrease in absorbance
due to H,O, conception (Abi,1974).

3.2.3.3.2 Preparation of reagent
1- Phosphate buffer solution (50mM, pH 7.0) which was
prepared from:
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a- KH;P0O,4.2H,0(50mM) 6.81g/1.

b- Na;HPO,4.2H,0 6.9 g/l.

Then 390 ml of solution (a) was mixed with 610 ml of solution (b) and
adjust the pH to 7.0 with 1M HCI and store in sterile containers at 4°C.
2- Hydrogen peroxide

Dilute 0.34ml of 30% H,0, with phosphate buffer to 100 ml prepare

fresh prior to analysis.

3.2.3.3.3 Procedure
Fifty pul of serum was diluted with 5 ml of Phosphate buffer

solution and pH 7.0 immediately before assay .

Two groups of tubes were prepared as follows:

Reagents Sample Blank
Phosphate buffer solution pH 7.0 - 1mi
Diluting serum 2ml 2ml
H,0; Imi -

The reaction was started by adding H,O, . All tubes were then mixed
immediately and initial absorbance after 15 seconds (t1) and final
absorbance after 30 seconds (t;) were read at 240 nm by using

spectrophotometer .

3.2.3.3.4 Calculation
The enzyme activity in unit (U) was expressed as the rate
constant first order reaction (K) is used according to the following

equation:

Vi 2.3 A1

Vs A T AZ
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Where:
A1= Azgo at t=15s
A=Az at 30s
V= was total assay volume.
Vs= was a sample volume in the assay mixture.
AT= 15 sec.

3.2.3.4 Determination of glutathione level in sera and cervical
secretions

Determination of GSH depends on the action of sulfhydryl
groups(Boyer ,2000).

3.2.3.4.1 Principle

Sulfhydryl group of GSH could reduce disulfide chromogen of
5,5 -Dithiobis 2.nitrobenzoic acid (DTNB) and change it to an intensely
yellow compound which could measure its absorbance directly by
spectrophotometer at 412 nm and it was directly proportional to the
GSH concentration (Burtis and Ashwood,1999).

3.2.3.4.2 Preparation of reagents

1. Trichloroacetic acid (TCA) 50% in which 50gm of TCA was
dissolved in a final volume of 100 ml of DW. This acts as
Precipitating solution.

2. Ethylenediamine tetracetic acid — di sodium (EDTA Nay) (0.4 M)
in which 148.9 gm of EDTA was dissolved in a final volume of 1
liter DW.

3. Tris-EDTA buffer (0.4M) pH 8.9.

48.458 gm of Tris were dissolved in 800 ml of DW. Then 100mi
of (0.4M) EDTA solution were added and brought to a final
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volume of 1 litter with DW. The pH was adjusted by pH paper to 8.9
by addition of 1M HCI. (this solution was stable for at least 10 days )
4. DTNB reagent (0.01M)
0.099 gm of DTNB was dissolved in absolute methanol, and
brought to a final volume of 25 ml, (this reagent was stable for at
least 13 weeks at 4C: )
5. GSH standards
Stock standard solution (0.001M) was prepared by dissolving
0.0307gm of GSH in a final volume of 100 ml of (0.4M) EDTA
solution ,then dilutions were made in EDTA solution to 5,10,15,20,

30 and 50 uM (working standard solution prepared daily).

3.2.3.4.3 procedure

Glutathione was determined by using a modified procedure
utilizing Elaman’s reagent (DTNB) (Burtis and Ashwood,1999) which
was summarized as follows:

Three set of tubes were prepared as follows :

Reagents Sample pL Blank pL Standard pL

Serum or cervical secretion 200 - -
Standard - - 100
DDW 800 900
TCA 100 100

Then all tubes were mixed in vortex mixture intermittently for 10 -15
minutes, and centrifuged for 15 minutes at 3000 xg then pipettes into

test tubes .The reagents were added for each tube as follows:
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Reagents Sample pL Reagent Blank pL Standard pL

Supernatant 400 400 400
Tris—EDTA buffer 800 800 800
DTNB reagent 20 20 20

Tubes were mixed in vortex mixture ,and the absorbency of standards
and sample was read by spectrophotometer at absorbency (A) 412 nm
within 1 minute of the addition of DTNB.
3.2.3.4.4 Calculation of serum glutathione concentration

The concentration of serum GSH was obtained from calibration

curve in uM.

0.35

0.3
y = 0.0057x + 0.016 /

0.25 RZ—0-9786 /

0.2

0.15 - /
0.1 /
7/

¢

Absorbance at 412 nm

0.05

0 10 20 30 40 50 60

Glutatione concentration in (micro M)

Figure (3.1) Standard curve for reduced glutathione (GSH)

3.2.3.5 Determination of total vitamin C in sera and cervical
secretions

Numerous analytical methods were available for assessment of
vitamin C nutritional status. In most methods, protein was precipitated

with metaphosphoric or perchloric acid before analysis (Boyer ,2000).
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3.2.3.5.1 Principle

According to 2,4-dinitrophenylhydrazine (DNPH) methods,
vitamin C was oxidized by Cu* to dehydroascorbic acid and
diketogulonic acid (Rifal, et al.,1999; Boyer,2000). When treated with
2,4-DNPH, the hydrazones derivatives were produced , which, in the
presence of sulfuric acid, form an orange — red complex that absorbs at
520 nm .

3.2.3.5.2 Preparation of reagents

1. Metaphosphoric acid ( m-HPO3) (0.75 M)
30 gm of m-HPO; were dissolved in a final volume of 500 ml of DW
(Stable for 1 week).

2. Sulfuric acid (H,SO4) (4.5 M)
Carefully 250 ml of concentrated H,SO, was added to 500 ml of cold
DW .When the solution cooled to room temperature , DW. is added

to 1 litter, with mixing ( stable for 2 years ) .

3. Sulfuric acid ( H,SO4) (12M)
Carefully 650 ml of concentrated H,SO, were added to 300 ml of cold
DW. and brought to a final volume of 1 litter (stable for 2 years ).

4. 2,4- DNPH reagent (0.01 M)

10 gm of 2,4-DNPH were dissolved in 400 ml of (4.5 M) H,SO, and
bought to a final volume of 500 ml with (4.5 M) H,SO,, then
refrigerated overnight, and filtered ( stable for at least 1week at
refrigerated temperature ).

5. Thiourea (0.66 M)
5 gm of thiourea were dissolved in a final volume of 100 ml of DW.
( stable for 1 month at 4C> ) .

6. Copper sulfate (0.027 M)
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0.6 gm of anhydrous copper sulfate was dissolved in a final volume
of 100 ml of DW (Stable for 1 year at room temperature).
7. 2,4- DNPH- thiourea- copper sulfate reagent(DTCS reagent)
5 ml of the thiourea, 5 ml of the copper sulfate, and 100 ml of the 2,4-
DNPH reagent were combined (Store at 4 C: for a one week).
8. Ascorbic acid standards
Stock standard solution (2.8 mM) was prepared by dissolving 50 mg
ofin m-HPO; to 2.5, 5,10,15 and 20 mg/L (0.014, 0.028,0.055,0.083
and 0.11mM) respectively. These were the working standards (All

working standards should be prepared daily).

3.2.3.5.3 Procedure
The procedure for the determination of vitamin C in serum and
cervical secretion by 2,4-DNPH methodwas summarized as follows:

Duplicates of each standards and sample test tubes were prepared then

pipettes into test tubes.

Reagent Sample (puL) Reagent | Blank (n L) | Standard (uL)

M-HPO; 800 - - -
Serum or
cervical 200
secretion

Tubes were mixed in vortex mixture, then centrifuged at 2500xg for 10

minutes.

Reagent Sample (uL) | Reagent Blank (u L) | Standard (uL)

Supernatant 600 -
Standard -
m-HPO;

DTCS regent
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Tubes were capped and mixed in vortex mixture, then incubated in a
water bath at 37C: for 3 hours.The tubes were removed from the water

both and chilled for 10 minutes in an ice bath, with slow mixing.

Reagent Sample (uL) | Reagent Blank (u L) | Standard (uL)

Cold H,SO4 1000

Tubes were mixed in vortex mixture and returned immediately to the ice
bath. The spectrophotometer was adjusted with blank to read zero
absorbency (A) at 520 nm, and the absorbance of standards and sample

was read.

3.2.3.5.4 Calculation of total vitamin C

The concentration of the samples were obtained from the
calibration curve (Figure 2.5) and multiplied by 5 (to correct for dilution
of the samples by m- HPO3) to give the concentration of vitamin C in

mg per litter :

0.45

0.4 A y = 0.0206x + 0.0034
0.35 - R? =0.994

0.3 1
0.25 +
0.2 1
0.15 A
0.1 1
0.05 A

absorbtion at 520 nm

0 5 10 15 20 25

vitamin C concentration (mg/l)

Figure( 3.2) Standard curve for ascorbic acid.
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3.2.3.6 Determination of Vitamin E in sera and cervical secretions
3.2.3.6.1 Principle

After the proteins in the cervical secretion or serum are
precipitated by an equal volume of absolute ethanol, the whole mixture
was subjected to extraction by an equal volume of n-heptane .
The o -o dipynidyl was added to an aliquot of the upper layer to
estimate the principal interfering substance, B-carotene, at 460 nm. At
this time, the ferric chloride (FeCI3) reagent was added to the system to
produce the colour which was measured at 510 nm (Hashim and
Schttringer,1966).
3.2.3.6.2 Preparation of reagents

1. a -o. dipyridyle solution :
0.12 gm of o -a dipyridyle were dissolved in a final volume of 100 ml

of absolute ethanol.

2. ferric chloride (FeCls) :
1 gm of ferric chloride (FeCl; ) were dissolved in a final volume of

100 ml of DW (put it in brown bottle ).

3.2.3.6.3 Procedure

Vitamin E was determined by using a Hashim and Schuttringe
procedure ( Hashim and Schuttringe,1966) which was summarized as
follows:

One tube was prepared as follows :

Reagents

Serum or cervical secretion

Absolute ethanol

Heptane

The tube was mixed after that in vortex mixture intermittently for 10

minutes, and centrifuged for 5 minutes at 1000 xg. Then the outer most
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heptane layer (Supernatant ) was drawn by pipette into test tube. Two

set of tubes were then prepared as follows:

Reagents Sample uL Blank pL

Supernatant 800

Heptane 800

a -0 dipyridyle 600

Tubes were mixed and the absorbency of standards and sample was read
by spectrophotometer at absorbency (A) 460 nm.

Then the contents of each tube was returned back to its tube and ferric
chloride (FeCls) 0.2 ml was added to each tube. After 45 minutes, the
absorbency of standards and sample was read by spectrophotometer at

absorbency (A) 510 nm.

3.2.3.6.4 Calculation of Vitamin E level
The concentration of Vitamin E level was obtained from the
following equation:
Log T 510 — 1.36 - (0. 32x Log T460)
- 0.46082

VitaminE in mg/dl =

3.3 Statistical Analysis

SPSS program was used in this study.All values were expressed
as mean + standard deviation (SD). Independent t-test was used to
estimate differences between groups. The differences were considered
significant when the probability (P) was less than 0.05( P<
0.05)(Daniel,1999).
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The Results

4.1 History and physical examination
4.1.1 Patient inhabited areas

The percentage of patients with unexplained infertility lived in

urban areas more than rural area as shown in Figure (4.1):
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O Rural areas
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Figure (4.1) The percentage of inhabited areas in patient with

unexplained infertility and fertile control(p>0.05).

4.1.2 Menstrual phase duration
The menstrual phase duration shows insignificant difference
(p> 0.05) between women with unexplained infertility and fertile group

as shown in Figure (4.2):

°1 4.93341.080 4, 86611. 156

1

Menstrual phase
duration
ul

Control Patients

Figure (4 .2) The menstrual phase duration ( days) in women with

unexplained infertility and fertile control(p>0.05).
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4.1.3 Onset of menarche

The onset of menarche shows insignificant differences(p> 0.05)
between women with unexplained infertility and fertile group as shown
in Figure (4.3):
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Figure (4. 3) The onset of menarche ( years) in women with unexplained

infertility and fertile control(p>0.05).

4.1.4 Body mass index(BMI)
The Body mass index shows insignificant differences(p> 0.05)

between women with unexplained infertility and fertile group as shown
in figure (4.4):
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Figure (4.4) The BMI ( kg/m?)in women with unexplained infertility and
fertile control(p>0.05).
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4.2 Hematological test
4.2.1 ABO blood group system

The result of ABO erythrocyte surface antigen and their distribution
among unexplained infertile women show that blood group A is present
to be more distributed (40%)than other types of ABO blood group system

when compared with fertile group who have mostly blood group B(36%)

as shown in Figure(4.5):

O patients
O controls

40%r
30%4 27% 27%
=

20%;

Percentege

10%# 79

0Ypt=—=

33%

3%39% 3%3%

35%
=—

5%

S%j

B+

B- AB+ AB-

ABO and RH system

A+

A-

Figure (4. 5) The ABO blood group system percentage in women with

unexplained infertility and fertile control.

4.3 Biochemical tests

4.3.1 Measurement of serum proteins

The total serum protein ,serum albumin and serum globulin shows
insignificant differences(p> 0.05) between women with unexplained

infertility and fertile group as shown in Figure (4.6):
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O Patients
O control
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61 4.419+0.849
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2.806+1.483

Serum proteins ( g/dl)

-

TSP Albumin Globuline

Figure (4.6) The total serum protein ,serum albumin and serum globulin
(mean £S.D g/dl) in women with unexplained infertility and fertile control
(p>0.05)

4.3.2 Measurement of malondialdehyde levels

The total MDA levels in sera and cervical secretions of infertile
women with unexplained infertility shows a significant increase(p<0.001)

when compared with fertile control as shown in Table (4.1):

Table ( 4.1 )The total malondialdehyde levels in sera and cervical
secretions in uM in infertile women with unexplained infertility and fertile

Controls

Control Patients
Mean +SD uM Mean +SD uM
Serum MDA 1.524 +0.518 3.105 + 1.441 P<0.001

Sample P value

C.mucus MDA | 3.201 +1.028 6.729 + 3.055 P<0.001

4.3.2.1 Malondialdehyde levels and types of infertility
Malondialdehyde levels in sera and cervical secretions of infertile
women with unexplained infertility show insignificant differences(p>

0.05) between primary and secondary infertilityas shown in Figure (4.7):
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Figure (4.7)The total malondialdehyde levels in sera and cervical
secretions(mean £S.D UM) in primary and secondary infertile women

with unexplained infertility(p>0.05).

4.3.2.2 Malondialdehyde levels and smoking

The total MDA levels in sera and cervical secretions show
insignificant differences (p> 0.05) between passive and not smoker in
infertile women with unexplained infertility and fertile control as shown
in Figure(4.8)and (4.9):

O passive smokers
O non smokers

61 3.353+1.072
2.902+1.788

5 T

1.519+0.600
1.530+0.409

S.MDA (microM)
w

control patients

Figure (4.8) The total malondialdehyde levels in sera(mean +S.D UM) in

passive and non smoker of infertile women with unexplained infertility

and fertile control(p>0.05).
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Figure (4 .9) The total malondialdehyde levels in cervical secretions
(mean £S.D UM) in passive and nonsmoker of infertile women with

unexplained infertility and fertile control(p>0.05)

4.3.2.3 The Relationship between age and Malondialdehyde

The total MDA levels in sera and cervical secretions of infertile
women with unexplained infertility shows a significant positive
correlation with age increment when compared with fertile control
(p<0.05) as shown in Figure (4.10) and (4.11):

Control — Patients
4 10
< y = 0.0337x + 0.5075 — y=0.163x-17363
23 R%=0.2724 % 8 1 R?=0.6432 o
= o
S P >0.05 ° o |26 P<005 oo
;:_:_'2 - 08 o =
< S 4 -
a)
=11 % o° § %o * <DE
@) = 2 -
%)
O T T T T T 0
15 20 25 30 35 40 45 15 20 25 30 35 40 45
Age (years) Age (years)

Figure ( 4.10) Relationship between age in years and serum
malondialdehyde levels(u M )in patients with unexplained infertility and

fertile control
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Figure (4 .11)The correlation between age in years and malondialdehyde
levels in cervical secretions (U M )in patients with unexplained infertility

and fertile control.

4.3.24The Relationship between body mass index and
malondialdehyde level

The total malondialdehyde levels in sera and cervical secretions of
infertile women with unexplained infertility shows insignificant positive
correlation with body mass index when compared with fertile control
(p>0.05)as shown in Figure (4.12) and (4.13):

— Controls — Patients
4 10
| y=o00163x +1.1157 _ y=01472x-07736  ©
=3 RZ=0.0112 =81 R =0.1186
5 P >0.05 ® o 56 - P >0.05 o
= o ® 5 ° o o
E21 » o £ o
S | —~—3—— |||&*1°¢ :
4 o O, o
S14 o 0 (o 08 S | MW
» o v 2 O ¢ s o
O L L L L] L 1] 0 L L L L L 1]
18 20 22 24 26 28 30 32 18 20 22 24 26 28 30 32
BMI(kg/m2) BMI (kg/m2)

Figure (4. 12) Relationship between BMI (kg/m?)and serum
malondialdehyde levels(u M )in patients with unexplained infertility and

fertile control.
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Figure (4. 13) Relationship between BMI ( kg/m?) and malondialdehyde
levels in cervical secretions (U M )in patients with unexplained infertility

and fertile control.

4.3.2.5 The Relationship between duration of infertility and
malondialdehyde level

The total malondialdehyde levels in sera and cervical secretions of
infertile women with unexplained infertility shows insignificant positive

correlation (p>0.05) with duration of infertility as shown in Figure (4.14):

10 20
- y =0.2549x #1.8777 — y =08649x +4.1833 ¢
s 87 R?=0.2488 RS =101 r-o02435 °
Sl P>005 3 1o P >0.05
E RPN § E o
z21{ 8% 8-, ° 8 > s 4T 8 :

0 T T T T T 0 T T T T T

0 2 4 6 8 10 12 0 2 4 6 8 10 12
Infertility duration ( years) Infertility duration (years)

Figure (4.14)Relationship between duration of infertility in years and
malondialdehyde levels in sera and cervical secretions( uM) in patients

with unexplained infertility.
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4.3.3 Measurement of catalase enzyme activity

The catalase levels in sera and cervical secretions of infertile
women with unexplained infertility shows a significant decrease (p<

0.05) when compared with fertile control as shown in Table (3.2):

Table (4.2)Catalase levels in sera and cervical secretions in K/ml of

infertile women with unexplained infertility and Control

Control Patients
Mean +SD K/ml Mean +SD K/ml

Serum catalase 0.479 +0.342 0.303 + 0.286 P<0.05
C.mucus catalase | 0.508 + 0. 301 0.331 +0.302 P<0.05

P value

Sample

4.3.3.1 Catalase levels and types of infertility
The catalase levels in sera and cervical secretions of infertile

women with unexplained infertility shows insignificant differences
between primary and secondary infertility (p>0.05) as shown in Figure
(4.15):

0.7 0.316+0.281 0.292+0.282 0.334+0.319 0.29740.285

0.61 T
0.51

0.41
0.31
0.21
0.11

CAT (k/ml)

primary secondary primary secondary

Serum Mucus

Figure (4.15) The catalase levels(mean £SD k/ml) in sera and cervical
secretions in primary and secondary infertile women with unexplained
infertility(p>0.05).
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4.3.3.2 Catalase levels and smoking
The Catalase levels in sera and cervical secretions show

insignificant differences(p> 0.05) between passive and non smoker in
infertile women with unexplained infertility and fertile control as shown
in Figure (4.16) and (4.17):

O passive smoker
Onon smokers

81" 050610332 0.305+0.297
0.7 “— 0.425+0.333 0.301#0.275

0.61 T

0.51 = b

0.4 _L

0.31
0.21
0.11 = 4

S.CAT (k/ml)

control patients

Figure (4.16) The serum catalase levels(mean £SD k/ml) in passive and
non smoker in infertile women with unexplained infertility and fertile
control(p>0.05).

O passive smoker
O non smokers
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0.421+0.301
T 0.334+0.322

0.324+0.308
0.81

0.61

0.41

C.CAT (k /ml)

0.21

control patients

Figure (4.17) The catalase levels(mean £SD k/ml) in cervical secretions
in passive and non smoker in infertile women with unexplained infertility

and fertile control (p>0.05).
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4.3.3.3 The Relationship between age and catalase enzyme

The catalase level in sera and cervical secretions of infertile
women with unexplained infertility shows a insignificant negative
Correlation (p>0.05) with age increment when compared with fertile

controls as shown in Figure (4.18) and (4.19):

| — controls — Patients
1.5 15—
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Figure (4 .18) Relationship between age( years) and serum CAT levels

(k/ml) in patients with unexplained infertility and fertile control.
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Figure (4.19) Relationship between age ( years) and catalase levels in
cervical secretions ( k/ml) in patients with unexplained infertility and

fertile control.



Chapter four : The Results 66

4.3.3.4 The Relationship between body mass index and catalase
enzyme

The catalase levels in sera and cervical secretions of infertile
women with unexplained infertility show insignificant negative
correlation (p>0.05) with body mass index when compared with fertile

control as shown in Figure (4.20) and (4.21):

Controls Patients
1.5 ° 15
1o y =-0.0085x +0.693 y =-0.0104x +0.5729
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Figure (4 .20 ) Relationship between BMI ( kg/m?) and serum catalase

levels (k/ml) in patients with unexplained infertility and fertile control.
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Figure (4. 21)The correlation between ( kg/m?) and catalase levels (
k/ml)in cervical secretion in patients with unexplained infertility and

fertile control.
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4.3.3.5 The Relationship between duration of infertility and catalase
enzyme levels

The catalase levels in sera and cervical secretions of infertile
women with unexplained infertility show insignificant negative

correlation (p> 0.05) with duration of infertility as shown in Figure

(4.22):
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Figure (4. 22 ) Relationship between duration of infertility( years) and
catalase levels ( k/ml) in patients with unexplained infertility and fertile

control.

4.3.4 Measurement of glutathione levels

The glutathione levels in sera and cervical secretions of infertile
women with unexplained infertility show a significant decrease (p<
0.001,P<0.05) respectively when compared with fertile controls as shown
in Table (3.3):

Table (4.3) Glutathione levels in sera and cervical secretions in uM of

infertile women with unexplained infertility and fertile control

Control Patients

Mean £SD uyM | Mean £SD uM P uellLe

Sample

Serum glutathione |27.384 £13.547 | 17.977 + 8.506 P<0.05

C.mucus glutathione | 65.327+ 18.217 | 51.602 + 27.335 | P<0.001
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4.3.4.1 Glutathione levels and types of infertility
Glutathione levels in sera and cervical secretions of infertile
women with unexplained infertility show insignificant differences (p>

0.05) between primary and secondary infertility as shown in Figure(4.23):

1007

801 l 53.652427.837
49.722427.338
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L7 09379, 1832

18.479+7.742
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Glutathione (micro M)

Serum Mucus

Figure (4.23 )The Glutathione levels(mean £S.D uM) in sera and
cervical secretions in primary and secondary infertile women with

unexplained infertility (p>0.05).

4.3.4.2 Glutathione levels and smoking

Glutathione levels in sera and cervical secretions show
insignificant differences (p> 0.05)between passive and non smoker in
infertile women with unexplained infertility and fertile control as shown
in Figure(4.24)and(4.25):

O passive smoker

O not smokers

501 24.372+15.401
31.323+9.881

40 .

17.258%9.142
18.855+7.742
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ol

S.glutathione (microM)
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Figure (4. 24 )The serum glutathione levels (mean +S.D pyM) in passive

and non smoker in infertile women with unexplained infertility and fertile

control(p>0.05).
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Figure (4 .25) The GSH levels in cervical secretions (mean £S.D puM) in
passive and non smoker in infertile women with unexplained infertility

and fertile control(p>0.05).

4.3.4.3 The Relationship between age and glutathione levels

The glutathione levels in sera and cervical secretions of infertile
women with unexplained infertility show a significant negative
correlation with age increment when compared with fertile control (p<
0.05) as shown in Figure (4.26) and (4.27):
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Figure ( 4. 26) Relationship between age ( years) and serum glutathione
levels (mean £S.D uM) in patients with unexplained infertility and fertile

control.
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Figure (4 .27 ) Relationship between age (years) and GSH levels in
cervical secretions (mean £S.D pM)in patients with unexplained
infertility and fertile control.

4.3.4.4 The Relationship between body mass index and glutathione
levels

The glutathione levels in sera and cervical secretions of infertile
women with unexplained infertility show insignificant negative
correlation (p> 0.05) with body mass index when compared with fertile

controls as shown in Figure (4.28) and (4.29):
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Figure (4. 28) Relationship between BMI (kg/m?)and serum GSH levels
(mean +£S.D uM) in patients with unexplained infertility and fertile

control.
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Figure (4.29 )The correlation between BMI (kg/m 2) and GSH levels in
cervical secretion (mean £S.D pM) in patients with unexplained infertility

and fertile control.

4.3.45 The Relationship between duration of infertility and
glutathione levels

The glutathione levels in sera and cervical secretions of

unexplained infertile women show significant negative correlation with

the increasing infertility duration (p<0.05)as shown in Figure (3.30):
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Figure (4 .30 ) Relationship between duration of infertility ( years) and
glutathione levels in serum and cervical secretion (mean £S.D puM)

in patients with unexplained infertility.
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4.3.5 Measurement of vitamin C activity

Vitamin C levels in sera and cervical secretions of infertile women
with unexplained infertility show insignificant decrease (p>0.05) when

compared with fertile control as shown in Table (4.4):

Table (4.4) Vitamin C levels(mg/l) in sera and cervical secretions of

infertile women with unexplained infertility and Control.

Samole Control Patients P value
P Mean £SD mg/ Mean £SD mg/I

Serum Vitamin C 10.383 + 3.655 9.944 + 1.549 P>0.05

C.mucus Vitamin C | 16.447 +4.042 14.233 + 3.458 P>0.05

4.3.5.1 Vitamin C levels and types of infertility
Vitamin C levels in sera and cervical secretions of infertile women
with unexplained infertility show insignificant differences(p>0.05)

between primary and secondary infertility as shown in Figure (4.31):

20+
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Figure (4 .31) Vitamin C levels (mean £S.D mg/l) in sera and cervical
secretions in primary and secondary infertile women with unexplained
infertility(p>0.05).



Chapter four : The Results 73

4.3.5.2 Vitamin C levels and smoking
Vitamin C levels in sera and cervical secretions show insignificant
differences(p> 0.05) between passive and non smoker in infertile women

with unexplained infertility and fertile control as shown in Figure (4.32)
and (4.33):

@ passive smokers
Onon smokers
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Figure (4 .32 ) The serum vitamin C levels (mean +S.D mg/l)in passive

and non smoker in infertile women with unexplained infertility and fertile

control(p>0.05) .
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C.vitamin C(mg /1)
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Figure (4.33) Vitamin C level in cervical secretions (mean £S.D mg/l)in
passive and non smoker in infertile women with unexplained infertility

and fertile control(p>0.05) .
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4.3.5.3 The Relationship between age and vitamin C

Vitamin C levels in sera and cervical secretions of infertile women
with unexplained infertility show a significant negative correlation with
age increment when compared with fertile controls (p<0.05) as shown in
Figure (3.34) and (3.35):
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Figure (4.34 ) Relationship between age ( years) and serum vitamin C
levels (mean £S.D mg/l) in infertile women with unexplained infertility

and fertile control.
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Figure (4. 35) Relationship between age ( years) and vitamin C levels in
cervical secretions (mean £S.D mg/l) in infertile women with unexplained

infertility and fertile control.
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4.3.5.4 The Relationship between body mass index and vitamin C

Vitamin C levels in sera and cervical secretions of infertile women
with  unexplained infertility = show  insignificant  negative
correlation(p>0.05) with BMI increment when compared with fertile
control as shown in Figure (4.36) and (4.37):
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Figure (4.36 )Relationship between BMI ( kg/m?) and serum vitamin C
levels (mean =S.D mg/l) in infertile women with unexplained infertility

and fertile control.
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Figure (4 . 37)The correlation between BMI ( kg/m?) and vitamin C levels
in cervical secretions (mean £S.D mg/l) in infertile women with

unexplained infertility and fertile control.
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4.3.5.5The Relationship between duration of infertility and vitamin C
Vitamin C levels in sera and cervical secretions of infertile women
with unexplained infertility show insignificant negative correlation

(p> 0.05) with duration of infertilityas shown in Figure(4.38):
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= b 2 = ] y=-0. X +5.565
S, R=01127  p .55 S 2 09711
£12 - o = . ' P >0.05
— o © W 6 - © ©
O 9 c o
£ © o € 4 4 <
€ 6 4 8 S
E ® ¢ M ; <& <&
S 3 O 27
n
0 L] L L L L) 0 L] L] L] L L
0 2 4 6 8 10 12 6 2 4 6 8 10 12
Infertility duration (years) Infertility duration(years)

Figure (4. 38 ) Relationship between duration of infertility in years and
vitamin C levels (mean £S.D mg/l) in sera and cervical secretions of in

infertile women with unexplained infertility.

4.3.6 Measurement of vitamin E levels

Vitamin E levels in sera and cervical secretions of infertile women
with unexplained infertility show a significant decrease ( p<0.05 and

p< 0.001) respectively when compared with fertile control as shown in
Table (4.5):

Table (4.5) Vitamin E levels in sera and cervical secretions (mg/l) of

infertile women with unexplained infertility and fertile control.

Sample

Control
Mean £SD mg/

Patients
Mean £SD mg/I

Serum Vitamin E

7.337 £3.535

5.272 +1.228

C.mucus Vitamin E

7.023 £0.754

4.644 +1.343
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4.3.6.1 Vitamin E levels and types of infertility

Vitamin E levels in sera and cervical secretions of infertile women
with unexplained infertility show insignificant differences(p>0.05)
between primary and secondary infertility as shown in Figure(3.39):
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Figure (4.39) The vitamin E levels in sera and cervical secretions (mean
+S.D mg/l) in primary and secondary infertile women with unexplained
fertility(p>0.05).

4.3.6.2 Vitamin E levels and smoking

Vitamin E levels in sera and cervical secretions show insignificant
differences between passive and not smoker in infertile women with
unexplained infertility and fertile control (p> 0.05) as shown in
Figure(4.40) and (4.41):
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Figure (4 .40 )The serum vitamin E levels (mean +S.D mg/l) in passive
and non smoker of infertile women with unexplained infertility and fertile

control(p>0.05).
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Figure (4.41)The vitamin E level in cervical secretions (mean £S.D mg/l)

in passive and non smoker of infertile women with unexplained infertility

and fertile control(p>0.05) .

4.3.6.3 The Relationship between age and vitamin E

Vitamin E levels in sera and cervical secretions of infertile women

with unexplained infertility show insignificant negative correlation

(p>0.05) with age increment when compared with fertile controls as
shown in Figure (4.42) and (4.43):
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Figure (4.42) Relationship between age ( years) and serum vitamin E

levels (mean +£S.D mg/l) in infertile women with unexplained infertility

and fertile control.



Chapter four : The Results 79

- Contro - Patients
14 10
® = -0.0465x + 6.0479
~121 y-0.0093x + 7.6143 ~ o |y 700X e
> y=-= ' = 871 R*=0.0853 P >0.05
10 A R?=0.001 = :
£ P >0.05 £ .
£ o ol | | £ o o
E 67 ° o E 44 ® &o
8 2 o 8 S
S 4+ ° o S
Q d 2 - <o <o
2 -
O L] L] L] L] L] 0 L L L] L] L]
15 20 25 30 35 40 45 15 20 25 30 35 40 45
Age (years) Age (years)

Figure ( 4.43) Relationship between age ( years) and vitamin E levels in
cervical secretions (mean +S.D mg/l) in infertile women with unexplained

infertility and fertile control.

4.3.6.4 The Relationship between body mass index and vitamin E

Vitamin E levels in sera and cervical secretions of infertile women
with unexplained infertility show insignificant decrease (p<0.05) with
body mass index increment when compared with fertile controls as shown
in Figure (4.44) and (4.45):
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Figure (4. 44) Relationship between BMI ( kg/m?)and serum vitamin E
levels (mean +£S.D mg/l) in infertile women with unexplained infertility

and fertile control.
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Figure (4. 45) The correlation between BMI ( kg/m?) and vitamin E levels

in cervical secretions (mean £S.D mg/l) in infertile women with

4.3.6.5The Relationship between duration of infertility and vitamin E

Vitamin E levels in sera and cervical secretions of infertile women

unexplained infertility and fertile control.

with unexplained infertility show insignificant negative correlation

(p> 0.05) with duration of infertility as shown in Figure(4-46):
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Figure (4.46 ) Relationship between duration of infertility ( years) and

vitamin E levels in sera and cervical secretions (mean £S.D mg/l) in

infertile women with unexplained infertility .
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Discussion

5.1 History and physical examination
From history , it has been found that more patients are inhabited in
urban areas than rural areas as shown in figures(4.1)and this result may
be due to environmental and nutritional variations between these areas.
Also from the history and physical examination, it has been
statistically found that there's no significant differences (p >0.05)
between patients with unexplained infertility and fertile controls in
menstrual phase duration ,date of menarche and BMI as shown in
figures(4.2),(4.3)and(4.4) respectively .
This means (in addition to other findings such as regular cycle ,
dysmenorrhea , normal ova size in ultrasound ) that the women with
unexplained infertility have normal hormonal function in reproductive

system.

5.2 Hematological tests
Good knowledge about ABO blood group system has expended to

include numerous rays of antigenic determinants on erythrocyte.
The antigenic determinants of blood group are produced by allele at a
single gene locus or at other gene loci (Parslow, et al.,2001)

The result of ABO erythrocyte surface antigen and their distribution
among unexplained infertile women show that blood group A is present
to be more distributed (40%)than other types of ABO blood group system
when compared with fertile group who have mostly blood group B(36%)
as shown in Figure (4.5). This result may be due to genetic

predisposition between types of blood group and unexplained infertility.
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5.3 Biochemical tests
5.3.1 Measurement of serum proteins

Measurement of total serum protein concentration provides
a general information reflecting disease states in many organ systems
(Bishop, et al. ,2000 and Varley, et al.,1991).

In this study, the total serum protein ,serum albumin and serum
globulin shows insignificant difference between women with unexplained
infertility and fertile group (p> 0.05) as shown in Figure (4.6).

This means that there is a normal amount of carrier protein for sex

hormones in women with unexplained infertility.

5.3.2 Malondialdehyde levels in sera and cervical secretions

The results of the present study show that the total MDA levels in
sera and cervical secretions of infertile women with unexplained
infertility show a significant increase (p<0.001) when compared with
fertile controls as shown in Table (4.1) . The data of the present study are
agreed with the results of Polak, et al.(1999) ; Agarwal, et al.(2003)and
(2006); as well as Savita, et al. (2009).

Agarwal, et al.(2005) suggest that women with idiopathic
infertility have reduced concentrations of antioxidants in peritoneal fluid
and increased ROS-induced lipid peroxidation damage resulting in
infertility.

Dong, et al. (2001),on the other hand, have found significantly high
levels of nitric oxide in peritoneal fluid of patients with unexplained
infertility.

Increased level of MDA in sera and cervical secretions in females
with unexplained infertility can be attributed largely to higher rate of lipid
peroxidation result in structural and functional damage to cellular

membrane of both ova and transported sperms. Accumulated lipid
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peroxides may cause not only tissue damage but also some biological
events that lead to apoptosis and accelerate termination of pregnancy
(Sugino, et al. ,2000).

Free radicals in cervical secretion and free radicals that diffuse into
the fallopian tubes from peritoneal fluid may cause damage to sperm;
which are known to be sensitive to OS because of their plasma
membranes contain large quantities of polyunsaturated fatty acids and
their cytoplasm contains low concentrations of the scavenging enzymes
(Saleh and Agarwal ,2002).

Therefore; ROS may affect the quality and number of spermatozoa
reaching the ovum in the female reproductive tract (Aitken , et al. ,2003).

At high concentrations, ROS may cause a series of damages to

spermatozoa that include membrane lipid peroxidation, oxidation of
protein, loss of motility fertilizing potential, and DNA fragmentation
(Talevi ,et al. ,2007).
Therefore; spermatozoa and oocyte have built in a mechanism to prevent
excessive production of ROS at the time of sperm-oocyte fusion. This
may be done by the release of antioxidant enzymes (Maiorino and Ursini
2002)and if there is an abnormality in the production of antioxidant
enzymes, ROS generation can continue uninterruptedly and damage both
spermatozoa and oocyte.

Severe OS can lead to infertility because of the negative impact on
fusion events such as acrosome reaction and sperm-—oocyte fusion
(Aitken, et al., 2003).

So the high rate of free radicals production in female with
unexplained infertility may be generated from increases metabolism and

depletion of protective antioxidants.
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5.3.2.1 Malondialdehyde levels and types of infertility
Malondialdehyde levels in sera and cervical secretions of infertile
women with unexplained infertility show insignificant differences
(p> 0.05) between primary and secondary infertilityas shown in Figure
(4.7). The same findings are reported by Pyari, et al. (2006) who find that
insignificant differences between primary and secondary infertility in
MDA blood level and MDA in endometrial biopsy and this result may be
due to the factors that lead to increase of free radicals level which are

happened nearly equal in both primary and secondary infertility types.

5.3.2.2 Malondialdehyde levels and smoking

The total MDA levels in sera and cervical secretions of infertile
women with unexplained infertility show insignificant differences
(p>0.05)between passive and not smoker in infertile women with
unexplained infertility and fertile controls as shown in Figure(4.8)and
(4.9).

Paszkowski, et al. (2002) report that prolonged smoking history is
associated with elevated levels of OS. In addition, they find that smokers
have been reported to have higher ROS in follicular fluid and have a
lower in vitro fertilization success rate.

Dumollard, et al. (2007) observe that intrafollicular exposure to
cigarette smoking metabolites is associated with a significant increase in
follicular lipid peroxidation.

The result in the present study may be firstly due to environmental factors
(which contain many sources of exogenous pro-oxidants) and secondly

the patients in the present study are passive not active smokers.

5.3.2.3 The Relationship between age and Malondialdehyde
In the present study, there is significant and positive correlations

observed between total MDA levels in sera , cervical secretions of female
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with unexplained infertility and the age increment (p<0.05, r= +0.858;
p<0.05, r = +0.866)respectively when compared with fertile control group
as shown in Figure (4.10) and (4.11). This outcome is in good agreement
with the outcomes reported by Sohal ,et al.(1995) who find that O, and
H.O, production are increased with age, especially in isolated
mitochondria from the aged heart.

Sadraie, et al.(2000); Moffatt, et al.(2002) and Takahashi, et al. (2003)
find that free radical activity of human Follicular fluid increases with age
as does apoptosis of human granulosa and cumulus cells.

Agarwal, et al. (2005) suggest that OS modulates the age-related decline
in fertility and there is an age related decline in the number and quality of
follicles in females. Oxidative damage could also account for the
mutations in DNA that accumulate with age (Wei, et al. ,1998) and this
may lead to abnormal gametes and infertility.

Oxidative stress increases with age may be due to the steady-state in
accumulation of free radicals which occurs as a consequence of aerobic
metabolism which thought to be an important mechanism underlying the
age-related increase in pathology as well as the progressive decline in the

functional efficiency of various cellular processes(Sohal,1993).

5324 The Relationship between body mass index and
malondialdehyde

This study shows insignificant positive correlation (p>0.05,r = +0.344;
p>0.05, r= +0.266) between total MDA levels in sera, cervical secretions
of infertile patients and the BMI when compared with fertile control
groups respectively as shown in Figure (4.12) and (4.13). This result goes
parallel with the results of Trevisan, et al. (2001) who suggest that BMI is

modestly but positively correlated with OS in women. This result may be
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due to the increasing level of polyunsaturated lipid with BMI increment

which leads to increase free radicals level.

5.3.2.5 The Relationship between duration of infertility and
Malondialdehyde

The total MDA levels in sera and cervical secretions of infertile
women with unexplained infertility shows insignificant positive
correlation (p>0.05, r = +0.499; p>0.05, r = +0.493) with duration of
infertility as shown in Figure (4.14) and (4.13) and this result is in a good
agreement with the results obtained by Jackson, et al.(2005) who find that
there is no statistically significant associations between serum MDA level
and time to get pregnancy.
The follicular fluid microenvironment and oxidative stress status provides
a window to oocyte quality, success of fertility and fertility outcomes
(Bedaiwy ,et al.,2005).

This result may be due to prolonged exposure to stressful events,

dietary regimen and therapeutic drugs that may lead to increase OS.

5.3.3 Measurement of catalase activity

Catalase level in sera and cervical secretion of infertile women
with unexplained infertility show a significant decrease (p< 0.05) when
compared with fertile controls as shown in Table (4.2) and this result is in
agreement with the results of Pyari, et al. (2006) who find that CAT level
is significantly low in endometrium and blood of infertile women
compared to those in controls. The lowest levels have been found in cases
of unexplained infertility. Similarly Polak, et al. (2001) find that the total
antioxidant status is significantly lower in peritoneal fluid from women
with unexplained infertility. In another study, wang ,et al. (1997)find that
the concentrations of antioxidants in idiopathic infertility patients

significantly reduced compared to those of fertile patients .
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Catalase is enzymatic antioxidant ;located mainly in the tubal fluid.
Neutralizes intracellular and extracellular hydrogen peroxide (Ruder ,et
al.,2008).Higher ROS levels in patients with unexplained infertility may
lead to increase ROS-scavenging process which ultimately lead to reduce
levels of antioxidants such as catalase enzyme. Catalase Promotes an
increase in the proportion of zygotes undergoing at least one cleavage
(Ruder et al.,2008). So any change in its concentration may lead to
disruption of zygotes cleavage which leads to infertility.

Ali, et al.(2000) show that the usage of catalase in media of in vitro

fertilization gives better quality embryos.

5.3.3.1 Catalase levels and types of infertility

Catalase levels in sera and cervical secretions of infertile women
with unexplained infertility show insignificant differences(p>0.05)
between primary and secondary infertility as shown in Figure (4.15). This
result is in disagreement with the results obtained by Pyari, et al. (2006)
who find that catalase levels in the endometrial biopsy and blood are
significantly higher in women with secondary unexplained infertility
when compared to those with primary unexplained infertility. This result
may be due to affect of catalase level by other factors such as age ,BMl,
free radical production, environmental conditions and antioxidant dietary
supplementation.
5.3.3.2 Catalase levels and smoking

Catalase levels in sera and cervical secretions of infertile women
with unexplained infertility show insignificant differences(p> 0.05)
between passive and not smoker in infertile women with unexplained
infertility and fertile controls as shown in Figure (4.16) and (4.17).
Hence the duration of exposure to smoke, degree of air ventilation and

other environmental factors may lead to such results.
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5.3.3.3 The Relationship between age and Catalase enzyme

Catalase levels in sera and cervical secretions of infertile women
with unexplained infertility show insignificant negative correlation
(p>0.05, r =-0.391; p>0.05, r =-0.363)respectively with age increment
when compared with fertile controls as shown in Figure (4.18) and (4.19).
As in the study of Carbone, et al., (2003) who find that the specific
activity of catalase is lower in older women compared with the younger
ones.
This means that the free radicals increase with age which ultimately leads

to decrease the levels of antioxidants.

5.3.3.4 The Relationship between body mass index and Catalase
enzyme

Catalase levels in sera and cervical secretions of infertile women
with unexplained infertility show insignificant negative correlation
(p>0.05, r = -0.113; p>0.05, r = -0.255) respectively with BMI
increment when compared with fertile controls as shown in Figure (4.20)
and (4.21).

This result may be due to the increasing level of polyunsaturated
lipid with BMI increment which leads to increase free radical and

decrease antioxidant levels.

5.3.3.5 The Relationship between duration of infertility and catalase
enzyme levels

Catalase levels in sera and cervical secretions of infertile women
with unexplained infertility show insignificant negative correlation with
duration of infertility (p>0.05, r =-0.118; p>0.05, r =-0.160)respectively
as shown in Figure (4.22).This result matches with the results obtained by

Jackson, et al. (2005)who find that there is no statistically significant
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associations between serum catalase level and time to get pregnancy.
Catalase is enzymatic antioxidant ;located mainly in the tubal fluid.
Neutralizes intracellular and extracellular hydrogen peroxide ,decreases
its level ,lead to increase free radicals level and increase probability of
sperm and ova damage which ultimately lead to increase duration of

infertility.

5.3.4 Measurement of glutathione levels

Numerous laboratory studies have suggested that glutathione is a
critical factor in protecting organisms against toxicity and disease. Blood
and serum glutathione concentrations may serve as an indicator of GSH
status, and thus diseases risk in human.

In female reproductive tract , glutathione is located mainly in the tubal
fluid and oocyte/embryo. It neutralizes superoxide anion, metabolizes
hydrogen peroxide and hydroxyl radical, improves the development of
zygotes through the 2-cell block to the blastocyst stage, protects embryos
against ROS, improves bovine embryo production, and prevents oxygen-
induced embryonic malformation(Ruder , et al.,2008).

Studied cases of GSH levels in serum and cervical secretion of infertile
women with unexplained infertility show a significant decrease (p<
0.001,P<0.05)respectively when compared with fertile controls. as shown
in Table (4.3), this result agrees with the results obtained by Agarwal, et
al.(2008).

It is suggested from animal studies that the concentration of GSH
in the oocyte is important to reduce the disulfide bonds during sperm
nucleus decondensation and enable pronucleus(PN) formation,
decapitation and pronuclear apposition (Bedaiwy, et al., 2004).This is
indecated by the observation that GSH antagonists disturbed the
maturation of oocytes by compromising the decondensation of the sperm
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nucleus and thus preventing PN apposition. Furthermore, supplementation
of GSH during in vitro maturation of oocytes resulted in improved male
PN formation, normal fertilization and embryo development (Ebisch,et
al.,2006).
Oocytes are rich in glutathione reductase (Urner and Sakkas,2005). A
glutathione deficiency can lead to instability of the mid-piece of sperm,
resulting in defective motility (Ursini, et al.,1999). It protects plasma
membrane from lipid peroxidation, scavenges superoxide and prevents
O, formation.
In a study consisting of infertile men , GSH led to significant
Improvement in the sperm quality (Lenzi, et al.,2004).

The depletion of GSH levels in the present study, when compared
with healthy control, supports the hypothesis that considers GSH a
protective factor against the development of different types of diseases

one of them is infertility.

5.3.4.1 Glutathione levels and types of infertility

Glutathione levels of sera and cervical secretions of unexplained
infertile women show insignificant differences between primary and
secondary infertility (p> 0.05) as shown in Figure (4.23).These results
may be due to other factors such as prolonged stress ,prolonged treatment
and environmental factors that may lead to increase OS and decrease

glutathione in similar manner in both types of female infertility

5.3.4.2 Glutathione levels and smoking

Glutathione levels of sera and cervical secretions of unexplained
infertile women show insignificant differences between passive and not
smoker in infertile women with unexplained infertility and fertile controls
(p> 0.05) as shown in Figure (4.24) and (4.5) .
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Paszkowski, et al.(2002) report that smokers have diminished
follicular fluid activity of the antioxidant enzyme glutathione peroxidase
as compared with non smoker.

The result of the present study may be due to indirect smoking and
the effect of environmental pollution which make indifference between

passive smoker and non smoker in GSH levels.

5.3.4.3 The Relationship between age and glutathione levels

Glutathione levels of infertile studied patients of serum and
cervical secretion show significant negative correlation with age
increment when compared with fertile controls (p<0.05, r = -0.820;
p<0.05, r =-0.708) respectively as shown in Figure (4.26) and (4.27)
and this result matches with the results obtained by Carbone, et al.(2003)
who find that GSH is higher in the younger than older women.

Other investigations with aging rats demonstrate that reduced
expression of glutathione reductase with aging leads to decrease the GSH
(Yeh, et al.,2005).

5.3.4.4 The Relationship between body mass index and Glutathione
levels

Both serum and cervical secretion of GSH levels of infertile women
with unexplained infertility present with insignificant negative correlation
with body mass index when compared with fertile controls (p>0.05,
r =-0.247; p>0.05, r =-0.120) respectively as shown in Figure (4.28)
and (4.29).

The reason behind such a result might be due to the increased level

of polyunsaturated lipid with BMI increment which leads to increase OS

and decrease the antioxidant levels.
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5.3.4.5 The Relationship between duration of infertility and
glutathione levels

Glutathione levels in sera and cervical secretions of unexplained
infertile women show significant negative correlation with the increasing
of infertility duration (p<0.05, r = -0.800; p<0.05, r = -0.763)
respectively as shown in Figure (4.30). This result approves with the
results of Jackson, et al. (2005) who report that significantly increased
serum glutathione reductase is associated with decreased time to get
pregnancy. No statistically significant associations are found with
glutathione peroxidase. So this result is due to decrease of glutathione
reductase enzyme with increase duration of infertility which lead to

decrease of glutathione level.

5.3.5 Measurement of vitamin C activity

In female reproductive tract, vitamin C is located mainly in the
ovary.

Vitamin C levels in sera and cervical secretions of infertile women
with unexplained infertility show insignificant decrease (p>0.05) when
compared with fertile controls as shown in Table (4.4)

Many studies indicate that the addition of ascorbic acid does prevent
oocyte membrane damage and increases basement membrane turnover
(Tatemoto, et al.,2005), leading to increased follicle integrity and
survival. Other researchers propose that certain concentrations of alpha-
tocopherol or ascorbic acid facilitate meiotic maturation of cumulus free
oocytes and can protect cumulus cell DNA damage and apoptosis (Tao, et
al.,2004).

Supplementation inhibits follicular apoptosis and causes premature
resumption of meiosis (Ruder ,et al 2008).
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5.3.5.1 Vitamin C levels and types of infertility

Vitamin C levels in serum and cervical secretion of infertile
women with unexplained infertility show insignificant differences
between primary and secondary infertility (p>0.05) as shown in Figure
(4.31).Therefore, this result may be explained by the fact of dietary

vitamin C intake in which each type of female infertility are near equal.

5.3.5.2 Vitamin C levels and smoking

Vitamin C levels in sera and cervical secretions of infertile women
with unexplained infertility show insignificant differences between
passive and not passive smoker in infertile women with unexplained
infertility and fertile controls (p> 0.05) as shown in Figure (4.32) and
(3.33).
Ayaori ,et al. (2000) report that plasma ascorbic acid is inversely
associated with smoking.

Vitamin C helps to combat the pollution surrounding us. Moreover;
it has been shown to reduce the DNA damage (Dietrich, et al .,2003).

No dietary difference between passive smoker and not smoker

might be the cause behind such a result..

5.3.5.3 The Relationship between age and vitamin C

A significant negative correlation between vitamin C levels in sera,
cervical secretions of infertile patients and the age increment when
compared with fertile controls (p<0.05, r =-0.814, p<0.05, r =-0.761)
as shown in Figure (4.34) and (4.35). Tarin ,et al.(1998) find that
supplementation of vitamin C reduces the risk of ovulating aneuploid and
diploid oocytes in aged female mice. Furthermore, dietary
supplementation of mice with the antioxidants vitamins C and E, resulted
in improvements in both the quantity and quality of oocytes when

compared to unsupplemented older mice (Tarin ,et al,2002). This
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reduction of vitamin C with age may be due to increase OS with age

increment which leads consequently to depletion of antioxidants.

5.5.4 The Relationship between body mass index and vitamin C
Vitamin C levels in serum and cervical secretion of infertile women
with unexplained infertility show insignificant negative correlation with
BMI increment when compared with fertile controls (p>0.05, r =-0.346;
p>0.05, r =-0.274)respectively as shown in Figure (4.36) and (4.37).This
result may be regarded to increase of polyunsaturated lipid , increase lipid

peroxidation which consequently leads to decrease antioxidants levels.

5.5.4 The Relationship between duration of infertility and vitamin C
Vitamin C levels in sera and cervical secretions of infertile women
with unexplained infertility show insignificant negative correlation with
duration of infertility (p>0.05, r = -0.335; p>0.05, r = -0.217)
respectively as shown in Figure(4.38) and this result is in agreement with
a result obtained by Crha ,et al.(2003) who report higher pregnancy rate

with vitamin C supplementation when compared to the a controling

group.

5.3.6 Measurement of vitamin E levels

Vitamin E is a major chain breaking antioxidant in membranes,
located mainly in the ovary specially in follicular fluid.

Vitamin E levels in sera and cervical secretions of infertile women
with unexplained infertility show a significant decrease (p<0.05 ;p<
0.001) respectively when compared with fertile controls as shown in
Table (4.5). This result matches with the results got by Makinde and
Adedeji(1994) and Mehendale, et al.(2009) who state that plasma vitamin

E level is greater in fertile women than in infertile women.
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Savita, et al.(2009) suggest that the increased OS are associated with
the decrease of antioxidants and associated with infertility.

Vitamin E directly neutralizes superoxide anion, hydrogen peroxide,
and hydroxyl radical ;so increase these types of free radical may lead to
depletion of vitamin E. Also vitamin E increases number of embryos
developing to the expanded blastocysts and increases viability of embryos
exposed to heat shock. So any change in its concentration may have a role
in infertility(Ruder ,et al.,2008).

Vitamin E may increase oocyte quality. In a human trial, infertile
couples given vitamin E show a significant increase in fertility
(Bayer,1960).

5.3.6.1 Vitamin E levels and types of infertility

Vitamin E levels in sera and cervical secretions of infertile women
with unexplained infertility show insignificant differences between
primary and secondary infertility(p>0.05)as shown in Figure(4.39). This
result may be due to the lack of vitamin E in diet as well as to other
factors such as environmental factors which nearly affect both types of
female infertility equally .
5.3.6.2 Vitamin E levels and smoking

Vitamin E levels in serum and cervical secretion of infertile
women with unexplained infertility show insignificant differences
between passive and not passive smoker in infertile women with
unexplained infertility and fertile controls (p> 0.05) as shown in Figure
(4.40) and (4.41) . Tiboni, et al. (2004) state that no smoking-related
differences in follicular fluid or plasma concentrations of vitamin E
between fertile and infertile women as well as to Dietrich ,et al. (2003)
research who find that no significant differences in plasma concentrations

of alpha-tocopherol between fertile and infertile smoker. This result may
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be due to the same level of vitamin E in diet in both passive smoker and

non smoker.

5.3.6.3 The Relationship between age and vitamin E

Vitamin E levels in serum of infertile women with unexplained
infertility show a insignificant negative correlation (p>0.05, r =-0.332;
p>0.05, r =-0.292)respectively with age increment when compared with
fertile controls as shown in Figure (4.42) and (4.43).This result approves
with the results obtained by Yeh, et al.(2005) who say that decrease in
vitamin E and other antioxidant defense with age.

In this respect, Makinde and Adedeji (1994) show that vitamin E
values are increased with age up to the 25-29 year age group. Other
evidences researching by Carbone , et al. (2003) show that the aged
ovaries have elevated vitamin E content. Thus, a shift toward a higher
concentration of vitamin E (and low serum vitamin E level) may occur to
help protect the aging ovary during luteolysis and compensate for the
decline in the luteal cell ability to quench ROS, as evidenced by lower
glutathione reductase enzyme. Other researchers, such as Ruder,et
al.(2008) find that vitamin E supplementation reduces the risk of
ovulating aneuploid and diploid oocytes in aged female mice and
increases survival of explanted rat conceptuses in vitro. In general, when
supplemental vitamins E is given to older mice, the age-associated

reduction in ovulation is partially prevented (Tarin, et al., 2002).

5.3.6.4 The Relationship between body mass index and vitamin E
Vitamin E levels in serum and cervical secretion of infertile
women with unexplained infertility show insignificant decrease (p>0.05,
r =-0.243; p>0.05, r =-0.296)respectively with body mass index when
compared with fertile controls as shown in Figure (4.44) and (4.45).

Increase BMI may lead to increase unsaturated lipid which lead to higher
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ROS levels production . Higher ROS levels production would lead to
reduce levels of antioxidants such as vitamin E that would ultimately
reduce ROS-scavenging ability and prevent the neutralization of toxic
ROS effects (Wang, et al.,1997) .

5.3.6.5 The Relation between duration of infertility and vitamin E

Vitamin E levels in serum and cervical secretion of infertile
women with unexplained infertility show insignificant negative
correlation with duration of infertility (p>0.05, r =-0.563; p>0.05,

r =-0.520) respectively as shown in Figure(4.46).

This result may be due to the fact that the vitamin E level may be
affected by the level of free radical production and level of vitamin E
intake during time of infertility.

Antioxidant levels in patients with unexplained infertility are significantly
lower than those of healthy controls (Polak, et al.,2001).
Ruder, et al., (2009) find that the use of multivitamins, impacts the

generation of ROS and may play a beneficial role in female fertility.



Chapter six

Conclusions and Recommendations

6.1 Conclusions

The present study shows that the oxidative stress plays an

important role in human fertility:

- Malondialdehyde level is significantly increased in sera and cervical

mucus secretion in patients with unexplained infertility.

- There is a direct significant relationship between MDA level and age

increment in patients with unexplained infertility.

- Catalase ,glutathione and vitamin E levels are significantly decreased
in sera and cervical mucus secretion in patients with unexplained

infertility.

- There is an inverse significant relationship between GSH level with
age and duration of infertility increment in patients with

unexplained infertility.

- There is an inverse significant relationship between vitamin C level

and age increment in patients with unexplained infertility.
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6.2 Recommendations

- Malondialdehyde level should be carried out as primary test for

assessment OS status.

- Assessment of OS as a cause of unexplained female infertility must
be carried out to discriminate OS infertility from other causes of

infertility.

- Studying the role of oxidants in multiple sites such as ovary,

peritoneal cavity and uterus separately.

- Measurement of biomarkers of OS is subject to interlaboratory
variations, and interobserver differences. A uniform method with
comprehensive assessment of the OS biomarkers should be used so

that the results can be compared across the studies.
- Study the role of oxidants in other types of infertility.

- Strategies to overcome OS in-vitro conditions and balancing between
in vivo and in vitro environments can be utilized in assisted

reproductive technique , to successfully treat infertility.
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Summary

Infertility is one of the most important and underappreciated

reproductive health problems in developing countries.
The causes of infertility can be found in about 90% of cases, while about
10% of patients don’t know why they can not conceive .The causes of
this case (unexplained infertility) seems to be heterogeneous, with
suggested potential causes ranging from disturbances in endocrinological,
immunological , genetic and reproductive physiological factors.

One of the main causes of unexplained infertility is the reactive
oxygen species (ROS). Therefore this study is aimed to estimate and
calculate the ROS and to determine the relationship between free radicals,
antioxidant enzymes activities and unexplained infertility. To carry out
this aim, ROS has been estimated in both sera and cervical mucus
secretions among healthy fertile women (control) and patients with
unexplained infertility ; in form of malondialdehyde (MDA). In addition,
catalase (CAT), glutathione level (GSH), vitamin C and vitamin E (as
antioxidant agents ) for both fertile women and infertile women studied
groups have estimated and calculated.

Moreover, other assessing physiological parameters have been done.
These include menstrual phase duration ,date of menarche ,body mass
index, ABO blood group percentage ,total serum protein ,serum albumin
and serum globulin levels in fertile women and patients with unexplained
infertility.

The study groups were attended to Babylon Maternity and Pediatric
Hospital and privet clinics. All studied patients are suffering from
primary or secondary unexplained infertility types and are diagnosed by
gynecologist. The study is carried out on (30) apparently healthy fertile
women as a control group, their mean age (30.133+8.011years) and (60)
infertile women as patient group , their mean age (29.866 +£7.195 years).



The results of the tests have shown that the malondialdehyde
(MDA) were increased significantly (p<0.01) in serum and cervical
mucus secretion(3.105+ 1.441uM and 6.729£3.055)uM in patients group
comparing with control group which where (1.524 +0.518 puM and
3.201% 1.028uM) respectively.

Catalase levels decrease significantly(p<0.05) in serum and cervical
mucus secretion (0.303+ 0.286 k/ml and 0.331+0.302 k/ml) in patients
group comparing with(0.479+0.342 k/ml and 0.508+0.301 k/ml) in
control group.

The glutathione levels, on the other hand, decrease significantly (p<0.05)
in serum and cervical mucus secretion (17.977+£8.506 uM and 51.602
+27.335uM) in patients group comparing with (27.384 +13.547uM and
65.327+18.217uM) in control group.

Vitamin C levels decrease insignificantly(p>0.05) in serum and cervical
mucus secretion(9.944 + 1.549mg/l and14.233 +3.458mg/l) in patient
group comparing with(10.383+3.655mg/l and(16.447+ 4.042mg/l) in
control group.

Vitamin E levels decrease significantly (p<0.05) in serum and cervical
mucus secretion(5.272 £ 1.228mg/l and 4.644 = 1.343 mg/l) in patient
groups comparing with (7.337+3.535 mg/l and 7.023+ 0.754 mg/l) in
control groups.
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List of Abbreviations

Word or phrase

Alpha

American Society for Reproductive Medicine
body mass index

Degree centigrade
Deoxyribonucleic acid
Follicle stimulating hormone
katal

Luteinizing hormone
milligram per liter
Micromole

Molecular weight
Nanometer

nanometer

Nanomole

Oxidative stress

seminal fluid analysis

Total serum protein

Thyroid stimulating hormone
World Health Organization
Ultraviolet
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