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Introduction

Infertility is defined as the inability to conceive after 1 year 
of unprotected intercourse by couples of reproductive age. Although 
the national survey of family growth conducted in 1995 by the Centers for
Disease Control and National Institutes of Health suggests male factor
fertility is the causative factor, in approximately 40% of the 2 million
infertile young married couples in the United States, female infertility
remains a major contributing factor. As our knowledge of human
reproduction and infertility continues to expand at a phenomenal rate, it
is becoming evident that oxidative stress (OS) plays a major role. This
review is designed to explain oxidative stress and its role related to both
male and female reproduction.

Role of oxidative stress in male reproduction

Infertility affects approximately 13-18% of couples. Increasing evidence
from different studies indicates an increase in incidence of male
reproductive problems [1]. The pathology of the male reproductive system
can be classified as congenital (cryptorchidism, sickle cell disease,
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A b s t r a c t

The aim of this review is to summarize the role of free radicals and oxidative stress
in the pathophysiology of human reproduction. As our knowledge of human
reproduction and factors contributing to infertility continues to expand at 
a phenomenal rate, it is evident that oxidative stress (OS) has been implicated in
both male and female infertility. Reactive oxygen species function via
proinflammatory cytokines and this mechanism has been proposed as a common
underlying factor for endometriosis, hydrosalpinx and various other pathologies
affecting the female reproductive process. This review highlights the role of OS in
the above mentioned female pathologies as well as pre-eclampsia, hydatidiform
mole, unexplained infertility, premature ovarian aging and recurrent pregnancy
loss. Oxidative stress, sperm DNA damage and apoptosis have been implicated in
male infertility, as seen in male pathologies highlighted in this review – varicocele,
cryptorchidism and infection. Substantial evidence provides a positive correlation
between elevated reactive oxygen species and poor fertility outcome. The literature
provides evidence suggesting treatment with antioxidant supplementation provides
an effective therapeutic modality for OS in human reproduction, however further
studies are warranted to provide answers on their safety and effectiveness.

KKeeyy  wwoorrddss::  reactive oxygen species, male infertility, female infertility, antioxidants,
free radicals.
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Klinefelter’s syndrome, etc.) and acquired
(varicocele, torsion, infection, etc.). Regardless 
of classification, all these disorders can cause
temporary or permanent impairment in
spermatogenesis and diminish infertility [2, 3].
Sperm migration leads to poor morphology and
negatively impacts sperm function. The result is
spermatozoal dysfunction and infertility. In the era
of evidence-based medicine, identifying causes
of pathologies and implementing specific
treatments is necessary for all reversible male
pathologies. Numerous studies have been
conducted to provide insight into the relationship
male infertility and male reproductive pathologies
that lead to male infertility. Thus this review will
discuss the role of OS in the reversible causes of
male reproductive pathologies, focusing on
varicocele, cryptorchidism, and infection.

PPhhyyssiioollooggiiccaall  rroollee  ooff  rreeaaccttiivvee  ooxxyyggeenn  ssppeecciieess
iinn  tthhee  mmaallee  rreepprroodduuccttiivvee  ssyysstteemm

Reactive oxygen species (ROS) are required for
normal spermatozoal function and maturation.
Extensive research suggests a basal level of ROS is
essential for fertilization, acrosome reaction,
hyperactivation, motility, and capacitation [4, 5]. Under
normal circumstances, capacitation of spermatozoa
is a process that prepares the spermatozoa for
fertilization [6, 7]. During the process, levels 
of intracellular calcium, ROS, and tyrosine kinase are
elevated, leading to increased formation of cyclic
adenosine monophosphate. Cyclic adenosine
monophosphate, in turn, leads to hyperactivation 
of spermatazoa, a state in which the spermatozoa
acquires high motility [8, 9]. 

Once spermatozoa are capacitated and exhibit
hyperactivation, the ability to undergo the acrosome
reaction ensues, resulting in spermatazoa’s ability
to fertilize [10]. Studies have demonstrated the role
of ROS in promoting sperm capacitation. The role
of ROS in facilitating sperm-oocyte interaction has
also been demonstrated. Lipid peroxidation alters
the plasma membrane, creating a favorable
environment for sperm adhesion to the oocyte [11].
Although documentation supports the role of ROS
in normal sperm function leading to fertilization,
the exact levels and/or duration of normal exposure
has yet to be established. 

SSoouurrcceess  ooff  eexxcceessss  ooxxiiddaattiivvee  ssttrreessss  

Every human sperm ejaculate serves as a poten-
tial source of ROS, due mainly to the fact that it
contains different types of cells, i.e. mature and
immature spermatozoa, round cells from different
stages of spermatogenesis, leukocytes, and
epithelial cells [12]. 

Of these different types of cells, the major
sources of ROS in semen are immature

spermatozoa and seminal leukocytes [13]. Reactive
oxygen species generated by abnormal
spermatozoa occur at the level of the plasma
membrane and mitochondria via the NADPH
oxidase system and NADPH-dependent oxido-
reductase system, respectively [14]. They include
radicals, non-radicals, and oxygen derivatives.
Reactive nitrogen species (RNS) are free nitrogen
species and are classified as a subclass 
of ROS. In addition to immature spermatozoa and
seminal leukocytes as major sources of ROS, dead
spermatozoa also contribute. Dead spermatozoa
liberate the enzyme amine oxidase, which acts on
spermine and spermidine to produce hydrogen
peroxide and other amine compounds [15].

MMeecchhaanniissmm  ooff  ooxxiiddaattiivvee  ssttrreessss--iinndduucceedd  iinnjjuurryy  

Substantial evidence demonstrates that high
levels of ROS cause damage to cellular components
in testis, including the DNA of mature spermatozoa.
An oxidative DNA damage adduct, 8-hydroxy-
2-deoxyguanosine (8-OHdG), serves as the key
biomarker of oxidative stress [16]. Oxidative stress
has been shown to cause extensive deleterious
effects on the DNA of mature spermatazoa,
including abnormal DNA denaturation, DNA base-
pair oxidation, chromatin cross-linking, and
chromosome microdeletions [17-21]. Furthermore,
ROS has been demonstrated to cause various types
of gene mutations, such as deletions, point
mutations, or polymorphisms, resulting in decre-
ased semen quality [22, 23]. Reactive oxygen
species facilitates various other mechanisms that
induce damage and include lipid peroxidation [21],
apoptosis and altered mitochondrial function via
decreasing mitochondrial membrane potential. 

Spermatozoa have the ability to self-repair
damaged DNA; however, this is in the case 
of minimal damage. In cases of extensive damage,
apoptosis occurs. Normally, apoptosis functions to
control overproduction of male gametes and
eliminates abnormal spermatozoa [24]. In ROS-
induced apoptosis, some cells labeled for
programmed cell death escape, a process known
as abortive apoptosis. The result is a large
population of abnormal spermatozoa that failed to
be eliminated [25]. 

RRoollee  ooff  ooxxiiddaattiivvee  ssttrreessss  iinn  mmaallee  ppaatthhoollooggiieess  

VVaarriiccoocceellee

Varicocele is defined as abnormal tortuosity and
dilatation of veins of the pampiniform plexus in the
spermatic cord [26]. The etiology behind varicocele
development remains unclear; however, various
theories currently are being circulated. The most
commonly accepted explanation is that Leydig cells
and germinal cells are damaged due to tissue
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hypoxia caused by venous stasis and small vessel
occlusion [27]. Further explanations include
retrograde flow of toxic metabolites from adrenal
or renal origin, impairment of the hypothalamic-
gonadal axis leading to suppressed gonadotropin
or androgen secretion and elevation in scrotal
temperature [28, 29]. Whatever the patho-
physiology, varicocele has long been associated with
male infertility. 

Numerous studies attest to oxidative stress as 
a cause of male infertility. An imbalance between
reactive oxygen species and seminal antioxidants
in the semen leads to oxidative stress and
subsequent spermatozoa damage [30]. Agarwal 
et al. performed various studies demonstrating high
levels of seminal oxidative stress in men with
varicocele and suggested sperm damage in men
with varicocele is attributed to oxidative stress.
Under normal physiological conditions, spermatozoa
possess an enzymatic antioxidant system to protect
from potential oxidative stress damage. When 
the redox equilibrium between oxidants and
antioxidants is disturbed, oxidant DNA damage in
spermatozoa leads to male infertility [31]. 

In evaluating the relationship between varicocele
and oxidative stress, studies have identified various
markers to assess the extent of oxidative stress.
Sakomoto et al. created a study to assess oxidative
stress markers, antioxidant capacity and cytokines
in seminal plasma from patients with varicocele
[32]. In the study, particular focus was on two
biomarkers of oxidative stress: 8-OHdG and
hexanoyl-lysine (HEL). Formation of 8-OHdG may
have potential diagnostic value in evaluating sperm
function and male fertility; whereas HEL levels
indicate early stages of lipid peroxidation by
oxidative modification. To assess the integrity of
the enzymatic antioxidant system, levels of
superoxide dismutase (SOD) were assessed. Finally,
since several studies suggest cytokines enhance
oxidative stress, levels of IL-6, IL-8 and TNF-α were
assessed as well [32].

The study evaluated semen samples of infertile
men, further subcategorized into three groups: 
(1) men with azoospermia, (2) men with
oligospermia, and (3) men with normospermia and
a varicocele. A control group comprised
normozoospermic healthy men. Study results
showed significantly higher HEL concentration and
SOD activity in seminal plasma from men with
azoospermia, oligospermia, and varicocele.
Oligospermic males with varicocele also had
significantly higher IL-6 levels in seminal plasma.
Study results were consistent with demonstrating
excessive oxidative stress occurring in seminal
plasma of patients with varicocele and further
strengthened the association between DNA damage
seen in varicocele patients and oxidative stress [32].

To better understand the mechanisms of sperm
damage attributed to male infertility seen in
varicocele, Smith et al. designed a study to
determine the extent of sperm nuclear DNA
damage and its relationship to oxidative stress [33].
Semen samples from patients diagnosed with grade
II and III clinical varicocele were collected; the
control group consisted of normozoospermic
healthy patients. Standard semen analysis on
samples was performed, assessing sperm
parameters. Semen samples from the patients with
varicocele were classified as having normal or
abnormal sperm parameters based on World Health
Organization (WHO) criteria and Kruger’s strict
criteria. Sperm DNA damage was evaluated by
sperm chromatin structure assay (SCSA) and by
TUNEL assay. In addition, measurements of ROS
levels and total antioxidant capacity (TAC) were
determined. Results indicated a positive association
between varicocele and high levels of DNA-
damaged spermatozoa even in the presence 
of a normal semen profile. Furthermore, results
suggested oxidative damage is associated with
sperm DNA damage in these patients.

CCrryyppttoorrcchhiiddiissmm

Cryptorchidism has been shown to induce germ
cell apoptosis resulting in increased OS production.
Nitric oxide (NO) has been associated with 
a decrease in TAC and contributes to increased
germ cell apoptosis seen in cryptorchidism.
Ishikawa et al. conducted a study investigating
the relationship between endothelial NO synthase
(eNOS) and germ cell apoptosis in testes 
of transgenic mice [34]. The results provided
evidence that eNOS plays a functional role in
mouse spermatogenesis in cryptorchidism
apoptosis. This gives way to the potential for 
a new therapeutic strategy for male infertility
associated with cryptorchidism, focusing on eNOS
reduction. Ishikawaka et al. evaluated this
potential treatment modality. Tetrahydrobiopterin
(BH4) is an essential cofactor of NOS. Activation
of the immune system has been shown to
stimulate an increase in the BH4 rate-limiting
enzyme GTP cyclohydrolase I (GTPCH1) activity,
resulting in an increase in intracellular BH4 and
NO levels. The study demonstrated that treatment
with BH4 causes a decrease in the GTPCH1 mRNA
and BH4 levels, with a simultaneous decrease in
endothelial NOS protein levels, nitrotyrosine levels,
and NO levels, resulting in a decrease in testicular
damage. Thus, supplementation with BH4 could
provide a new therapeutic intervention for the
cyptorchid patients [35]. 

Kumagai et al. also have shown that xanthine
oxidase inhibitors suppress testicular germ cell
apoptosis induced by experimental cryptorchidism in
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rats [36]. Xanthine oxidase is found abundantly in
microvascular endothelium. It converts hypoxanthine
to xanthine and xanthine to uric acid with
simultaneous production of superoxide anion. Thus
it acts as a source for ROS in testicular injury by
reperfusion or toxic chemicals. Allopurinol, 
a competitive xanthine oxidase inhibitor, reduces OS
injury in several organs (P<0.01 vs. control) [36]. 
A study by Vigueras-Villasenor et al. [37] found that
administration of allopurinol decreases ROS (P<0.05)
and reduces histopathological changes and apoptotic
death of germ cells, thus increasing the epithelial area.
They also found an increase in the proliferation index
(PI) in cryptorchidism rats treated with allopurinol in
comparison with rats without allopurinol, but no
stimulation of proliferation was noted since the
contralateral testes did not show any rise in PI. They
confirmed that the overproduction of reactive oxygen
species plays an important role in cryptorchid testes. 

Many studies have been conducted to prove the
role of OS in the apoptosis induced in cryptorchism
and the protective role of various antioxidants in
directly or indirectly reducing apoptosis in
cryptorchism. Gao et al. showed that nitric oxide
synthase inhibitor (L-NAME) could protect the germ
cell from apoptosis in experimentally induced
cryptorchidism in rats (P<0.01). L-NAME acts by
reducing the activity of NOS and reducing the levels
of NO in the testis [38]. Fei et al. showed that 
a decrease in antioxidant enzyme activity is closely
related to germ cell apoptosis in cryptorchidism
(P<0.01).They showed that the activity levels of
antioxidant enzymes SOD and catalase were
significantly decreased in germ cell apoptosis with
no change in glutathione peroxidase (GSHPx)
activity and increased levels of malonic diethyl
aldehyde (MDA) in the rats with cyptorchidism [39].

IInnffeeccttiioonn

Considerable evidence provides an association
between bacterial infections and an increase in ROS
production. The associated bacteria include Shigella,
Entamoeba histolytica, Rickettsia rickettsii, and
Salmonella typhi, to name a few [40-43]. Leukocytes
are responsible for generating the extracellular ROS
seen in infectious states [44, 45]. 

During infection, leukocytes levels increase [45].
Cytokines activate the leukocytes, resulting in an
increase in ROS production and subsequent
spermatozoa damage [46]. Leukocytes generate ROS
via enzymes as a means of defense against the
pathogen. It has been suggested that the high levels
of activated leukocytes seen during infection produce
ROS that leak out of the cell membrane causing
damage to spermatozoa, leading to infertility [47].
Depuydt et al. conducted a study demonstrating that
leukocytospermia and infection of the male
accessory gland negatively affect sperm parameters,

thereby reducing fertility [48]. Additional studies
demonstrated that patients with leukocytospermia
exhibit abnormal DNA integrity [49].

Role of oxidative stress in female reproduction

Many studies have proven the presence of ROS
and antioxidants in the female reproductive tract.
ROS and antioxidants have been detected in
follicular fluid [50, 51], tubal fluid, oocytes, embryo
[52], and endometrium. ROS in ovaries are produced
by multiple cells like macrophages, parenchymal
steroidogenic cells, and endothelial cells [53]. Genes
for SOD and glutathione peroxidase are expressed
in oocytes, embryos, and oviducts. Superoxide
dismutase has been detected in the endometrium
through the menstrual cycle. High SOD
concentrations were detected in decidual cells
during early pregnancy [54]. The ROS levels in the
microenvironments associated with follicular,
hydrosalpingeal, and peritoneal fluid have a direct
bearing on oocyte quality, sperm-oocyte interaction,
sperm-mediated oocyte activation, implantation,
and early embryo development. 

PPhhyyssiioollooggiiccaall  rroollee  ooff  rreeaaccttiivvee  ooxxyyggeenn  ssppeecciieess
aanndd  aannttiiooxxiiddaannttss  iinn  tthhee  ffeemmaallee  rreepprroodduuccttiivvee
ttrraacctt

A number of studies have shown that controlled
OS plays a modulatory role in a variety of phy-
siological processes in the female reproductive
system like oocyte maturation, physiological follicular
atresia, ovulation, fertilization, luteal regression, and
luteal maintenance in pregnancy [55].

RRoollee  ooff  ooxxiiddaattiivvee  ssttrreessss  iinn  oovvaarriieess

Reactive oxygen species aids in oocyte maturation
by inducing the resumption of meiosis I (MI) at
puberty [56, 57], and antioxidants can inhibit this
[58]. Glutathione (GSH) plays a critical role in oocyte
maturation, particularly in the cytoplasmic matu-
ration required for pre-implantation development
and formation of the male sperm pronucleus [59].
In bovine models, β-carotene has been shown to
play a role in cytoplasmic maturation [60]. As already
mentioned, antioxidants inhibit the progression of
MI, but are helpful for meiosis II (MII). This suggests
a complex role for antioxidants and ROS in the
ovarian environment.

Low ROS levels induce theca interna cell
proliferation [61]. Behl and Pandey (2001) [62]
studied the changes in the concentration of the
antioxidants catalase and estradiol (E2) in ovarian
follicular cells with changes in the levels of FSH.
They found a concomitant increases in catalase and
E2 in response to FSH. From this the authors
suggested that catalase may play a role in follicle
selection and prevention of apoptosis.
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Vascular changes and the proteolytic cascade
are responsible for mammalian ovulation [63]. The
interaction between these two is governed by
cytokines, vascular endothelial growth factor, and
free radicals (both ROS and RNS). Oxidative stress
and cytokines are proposed to be interlinked and
act as intercellular and intracellular messengers in
the ovary. Interleukin-1β causes nitrite to
accumulate in rat ovaries, demonstrating the close
interaction between cytokines and NOS [64]. 

Reactive oxygen species also are believed to play
a role in ovarian steroidogenesis. Superoxide
dismutase is present in the theca interna cells of the
antral follicles as evidenced by immunohistochemistry
staining [65]. Antibody to Ad4-binding protein (Ad4BP)
was utilized to localize Ad4BP in the nuclei of theca
and granulosa cells. Ad4BP is a steroidogenic
transcription factor that induces transcription of 
the steroidogenic P450 enzyme. Thus, it controls
steroidogenesis in the ovaries. The correlation
between Ad4BP and SOD expression suggests 
an association between OS and ovarian
steroidogeneis [65]. Antioxidants like ascorbate and
α-tocopherol present in the follicular fluid (FF) of
mature follicles help in preventing oxidative damage
to lecithin-cholesterol acyltransferase (LCAT) [66],
which plays an important role in reverse cholesterol
transport and follicular estrogen synthesis. By
protecting LCAT, they help in ovarian steroidogenesis. 

The presence and expression of eNOS in human
corpora lutea has been reported in the early and
mid- luteal phase and to a lesser extent in the late
luteal [67]. Nitric oxide inhibits steroidogenesis in
the corpus luteum and has luteolytic action
mediated through increased prostaglandins and by
apoptosis [67, 68]. Nitric oxide also plays a role in
physiological follicular atresia by causing apoptosis.
Besides NO, ROS also cause luteolysis by
stimulating apoptosis in luteal cells, thereby
inhibiting their function at an appropriate time of
the menstrual cycle. Ovarian E2 plays a role in
pregnancy-mediated luteal rescue by acting as an
ROS scavenger [69]. Glutathione along with FSH
also helps in protecting against apoptosis in
cultured pre-ovulatory rat follicles [70].

RRoollee  ooff  ooxxiiddaattiivvee  ssttrreessss  iinn  eennddoommeettrriiaall  ccyyccllee

Reactive oxygen species plays a regulatory role in
the endometrial cycle. According to Sugino et al. [71]
ROS may cause shedding of endometrium by causing
the secretion of PGF2α via NFκβ activation. Late
secretory phase human endometrium has been
demonstrated to have elevated lipid peroxide
concentrations and decreased SOD concentrations.
Serviddio et al. [72] found a hormonal pattern to be
involved in maintaining optimal redox balance in the
endometrium during the endometrial cycle through
regulating GSH levels and metabolism. Estrogen and

progesterone withdrawal in endometrial cells
cultured in vitro results in a decrease in SOD activity,
leading to increased, unhindered levels of ROS, which
leads to a cascade of events and facilitates the
endometrial processes of shedding and/or
implantation. Reduced expression of SOD leads to
failed pregnancy. Reactive oxygen species are
involved in the intracellular signaling between
hypoxia and the angiogenic response by acting as
signal inducers [73] or intracellular messengers and
thus help in angiogenesis [74]. Angiogenesis is
required for endometrial regeneration after
menstruation.

Expression of endothelial NOS mRNA has been
demonstrated in the mid- and late secretory phase
of the endometrial cycle [75]. Endothelial NOS is
thought to produce physical changes that prepare
the endometrium for implantation. It acts as 
a regulator for implantation [52] and may also
contribute as an anti-platelet agent during
implantation [76, 77]. Higher concentrations of NO
also are associated with implantation failure,
resulting in lower pregnancy rates.

EEffffeecctt  oonn  ttuubbaall  mmoottiilliittyy  aanndd  uutteerriinnee  ccoonnttrraaccttiioonn

An endogenous NO system exists in the fallopian
tubes [78]. Nitric oxide has a relaxing effect on
smooth muscles, and it has similar effects on
tubular contractility. Nitric oxide deficiency 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 [78]. In addition, NO might
participate in the regulation of uterine contraction
[79]. In normal fertile woman, contractions increase
throughout the proliferative and periovulatory
phases and decrease in the secretory phase. It is
thought that NO acts synergistically with
progesterone in the secretory phase and may cause
uterine relaxation in a paracrine fashion. In support
of this hypothesis a study conducted by Bansal 
et al. (1997) [80] showed that expression of
inducible NOS (iNOS) was highest in patients with
preterm pregnancy and not in patients in term
labor. The expression of these enzymes decreased
by 75% at term and was barely detectable in
preterm patients. In contrast to this, Seyffarth 
et al. (2004) [81] have demonstrated increased iNOS
expression in fetal membranes in labor and in in
vitro studies. Their study showed higher con-
centrations of NO metabolites in amniotic fluid
collected from women in labor than in non-laboring
patients, both at term and preterm.

SSoouurrcceess  ooff  rreeaaccttiivvee  ooxxyyggeenn  ssppeecciieess

The exact source of ROS in the female reproductive
tract is still under debate. Reactive oxygen species

Anjali Chandra, Nilopher Surti, Shubhangi Kesavan, Ashok Agarwal



Arch Med Sci 1A, March / 2009 S 33

can arise from exogenous or endogenous sources.
Oxidative phophorylation, NADPH oxidase, and
xanthine oxidase are predominant sources of ROS
generation in oocytes and embryos. Oxidative
phosphorylation is a process necessary for the
generation of ATP to meet embryo energy
requirements, and it results in ROS production. In the
inner mitochondrial membrane, electron leakage
during the electron transport chain allows various
spontaneous molecular interactions to occur.
Specifically, excess electrons transfer to oxygen
molecules and result in an unpaired electron located
in oxygen’s outer orbital. Other metabolic pathways
like glycolysis, pentose phosphate shunt, etc. are also
a source for ROS production. Other sources are
macrophages, neutrophils, and granulose cells in the
graffian follicles, etc. 

Exogenous sources for the generation of ROS
include visible light, metallic ions like Cu and Fe, 
a hyperoxic environment (increases enzymatic activity
for the generation of the superoxide radicals), hypoxia,
smoking (causes decrease in β-carotene levels) and
alcohol ingestion (affects vitamin E levels).

RRoollee  ooff  rreeaaccttiivvee  ooxxyyggeenn  ssppeecciieess  iinn  ffeemmaallee
iinnffeerrttiilliittyy

MMeecchhaanniissmm  ooff  rreeaaccttiivvee  ooxxyyggeenn  ssppeecciieess--
iinndduucceedd  cceelllluullaarr  iinnjjuurryy  

Reactive oxygen species are known to cause
peroxidative damage to the macromolecules of the
cell such as lipid, proteins, and nucleic acid. Metallic
ions like Fe and Cu potentiate this effect. In this
section we discuss the effects of ROS specific to the
female reproductive system. Metallic ions like Fe and
Cu potentiate the effect of ROS.

a. Perioxidative damage to lipids
Polyunsaturated fatty acids are targets for ROS

action. Peroxidation of the lipids in the biological
membranes leads to a change in the activity 
of membrane enzymes and ion channels and thus
may affect the normal cellular mechanisms required
for fertilization. Peroxidation of lipids is a self-
propagating process unless it is counteracted by
antioxidants. 

b. Mitochondrial alterations
Reactive oxygen species affects the

mitochondria in oocytes and embryos [82].
Mitochondrial DNA lacks histone, making them
more prone to oxidative injury. Being the main site
of ROS production, they are the first to be affected
by ROS-mediated injury, and once damaged they
release a large amount of ROS into the
surrounding environment [83]. Cell cycle arrest and
cell death occur due to decreased ATP production
by the damaged mitochondria.

c. Perioxidative DNA damage
Perioxidative damage to deoxyribonucleic acid

bases and phosphodiester backbones leads to 
the formation of altered nitrogenous bases, which
affects replication and transcription processes
leading to mutations and altered gene expressions
[84]. 8-hydroxy-2-deoxyguanosine, which results
from reaction between hydroxyl radical and
guanine, is a commonly used marker for oxidative
DNA damage.

EEffffeecctt  oonn  ooooccyytteess  aanndd  ffoolllliicclleess

The alteration of spindle structure and
chromosomal alignment of MII mouse oocytes by
OS has been reported [85].

Our group conducted a prospective study to
examine the effect of exogenous exposure 
of hydrogen peroxide and TNF-α on mouse
metaphase II oocyte spindle structure and to
examine the potential benefits of supplementing
the culture media with vitamin C. Microtubule
changes and chromosomal alignment were
observed by epifluorescence microscopy. The MII
oocyte was selected because the ovulated oocyte
is arrested at this stage. The authors concluded that
ROS causes dose- and time-dependent meiotic
spindle damage and chromosomal alterations
leading to low oocyte quality. This effect is
irreversible, in contrast to cryopreservation damage.
It also leads to augmentation of the effects 
of TNF-α. Since the microtubule is the most
important structure during fertilization, the results
from this study explain the failure of these occytes
to fertilize and thus provide an explanation for the
results of the study conducted by Takahashi et al.,
who showed that a single, brief exposure of fresh
oocytes to OS significantly reduced fertility
outcomes. The authors also suggested that this
alteration may be the root cause for poor fertility
outcomes in patients with endometriosis or may
even account for aneuploidy, simulating the effects
of aging on oocyte quality [85, 86].

TNF-α, an inflammatory mediator, has been
found in increasing concentrations in the peritoneal
fluid, and its receptors have been identified in
human oocytes [87], including the primordial
follicles [88]. A relationship exists between TNF-α
and a reduced number of ovarian follicles [89].
Higher levels of TNF-α are reported in poor quality
oocytes [90]. 

High ROS levels inhibit theca interna cell
proliferation in the secondary follicles [61].

EEffffeecctt  oonn  tthhee  eemmbbrryyoo

Excessive levels of ROS adversely impact embryo
quality and competence by acting on the cellular
molecules of the embryo [15, 52]. Reactive oxygen
species causes aggregation of cytoskeletal

Significance of oxidative stress in human reproduction
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components, condensation of endoplasmic
reticulum in the embryos, and loss of membrane
fluidity due to peroxidation of membrane lipids.
Embryo cleavage depends partly on microtubules
and membrane fluidity; any disturbance in these
factors can arrest embryo development [83], and
ROS have been shown to cause these disturbances.
Reactive oxygen species probably are implicated in
regulating the speed of pre-implantation embryo
development [91]. Reactive oxygen species have
been demonstrated to cause arrest of the zygote
at the one-cell stage. Exposure of the zygote to 
200 mm H2O2 for 15 min led to complete inhibition
of cleavage and caused arrest at the one-cell stage
[48]. In support of this Fatehi et al. [50] also reported
oocyte death and a complete block of first cleavage
when denuded oocytes were exposed to H2O2
(10 and 50 mm). High ROS levels were associated
with lower fertilization and blastocyst rates and
embryo fragmentation [18]. 

Besides causing arrest at the one-cell stage, ROS
can also cause two-cell embryo block [92, 93] due
to xanthine, the product of purine metabolism.
Addition of hypoxanthine causes a decrease in ROS
production [94]. The changing energy needs 
of developing embryos induce the two-cell block. 
A shift in metabolic pathways from oxidative
phosphorylation to glycolysis occurs due to
increased energy requirements. No such effect was
observed in embryos collected in vivo [92]. 

Oxidative stress plays an important role in
apoptosis at controlled levels; however, when OS
increases, apoptosis may occur pathologically and
damage tissues. Luteal regression may occur even
in the presence of pregnancy. A high concentration
of H2O2 can lead to embryo fragmentation [95].
Nitric oxide also plays a role as a bioregulator [96]
in apoptosis. Low concentrations of NO may prevent
apoptosis; however, pathologically high concen-
trations of NO, as well as increased superoxide
generation by NO synthase due to lack of arginine,
may promote cell death by peroxynitrite generation
[78], resulting in embryo fragmentation. Apoptosis
results in fragmented embryos, which have limited
potential to implant and therefore result in poor
fertility outcomes [97].

Reactive oxygen species also cause a decrease
in blastomere numbers and pre-implantation
embryonic death. Embryos have different
sensitivities to ROS at different developmental
stages. Nine- to sixteen-cell bovine embryos are
more resistant to exogenous H2O2 than zygotes and
blastocysts [98]. These different sensitivities are
due to variations in defense mechanism thresholds.

EEffffeecctt  oonn  iimmppllaannttaattiioonn

It has been proposed that ROS can lead to
implantation failure by decreasing the expression

of genes that are expressed before and during
implantation e.g. human claudin 4 gene, which
peaks during the implantation window; or GP × 3
and solute carrier family 1 member 1 (SLC1A1),
which peak during the mid- and late luteal phase
[99]. It is also possible that OS, by increasing the
levels of PGF 2α, causes endometrial shedding and
consequently leads to implantation failure [100].
Higher concentrations of NO also are associated
with implantation failure, resulting in lower
pregnancy rates. 

RRoollee  ooff  ooxxiiddaattiivvee  ssttrreessss  iinn  ggyynneeccoollooggiiccaall  ddiisseeaasseess

PPrreeeeccllaammppssiiaa

Preeclampsia is known to affect 5-10% of pre-
gnancies and is a major cause of maternal and
fetal morbidity and mortality [101-106]. Increased
OS in these patients results from a combination of
decreased antioxidant levels, early onset of utero-
placental circulation, and leukocyte free radical
production [107, 108]. Women with preeclamsia are
found to have slightly higher numbers of
leucocytes. Decreased SOD levels in maternal blood
as well as in the placenta have been found in this
condition [109-111]. Mehendale et al. (2008) [112]
found lower levels of vitamin C and E in these
women. Oxidative stress leads to uncontrolled lipid
production in these patients, which is responsible
for vascular endothelial damage, ultimately leading
to hypertension and proteinuria. The role of anti-
oxidants in preeclampsia is controversial. Although
some studies have shown beneficial effects of
antioxidant supplementation [113, 114], many have
failed to demonstrate any significant effect 
[114-118]. One of the studies even suggested that
vitamin C supplementation during pregnancy may
increase the risk of preterm birth [119]. Recently,
Rumiris et al. (2006) [105] have suggested that
antioxidant supplementation given earlier in
pregnancy may be effective by preventing
abnormal placentation. 

HHyyddaattiiddiiffoorrmm  mmoollee

Hydatidiform mole (H. mole) is responsible for 
1 in 41 cases of early pregnancy loss. Studies have
shown that these patients are exposed to increased
OS, which may play a role in the pathogenesis 
of the disease. Decrease in the TAS [120], increased
concentrations of NO [121], and placental oxidative
stress (from abnormal placentation) all have been
linked to H. mole. Oxidative stress leads to
increased DNA damage [122] and apoptosis. Bcl-2
expression was found to be significantly increased
in patients with complete hydatidiform mole (CHM)
[123-125]. Harma et al. also demonstrated a dra-
matic increase in the level of caspase-3 activity in
CHM patients.
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EEnnddoommeettrriioossiiss

Endometriosis, which affects 10-20% of women
in the reproductive age group (195), is responsible
for 21-41% of all infertility cases [126-128]. Whether
OS is related to the pathogenesis of endometriosis
is still not clear. Studies have shown increased levels
of ROS [129-131] and decreased levels of peritoneal
fluid antioxidants in these women [71, 131-135].
Abnormal expressions of antioxidant enzymes, like
glutathione peroxidase and xanthine oxidase, also
are found in women with endometriosis [129, 136].
Contrary to these findings, some authors have
found no significant difference in the total
antioxidant status (TAS) of these women as
compared with controls [103, 137, 138]. Increased
numbers of macrophages and the presence of
metallic ions such are iron (from heme) in the
peritoneal cavity, as well as the ongoing
inflammatory process are responsible for increased
ROS production [139-142]. Increased ROS and
decreased antioxidant levels lead to OS in these
patients. 

Along with this, elevated levels of NOS, NO [143],
and a higher expression of NOS have been seen in
these patients. Altered NOS expression has been
implicated in the pathophysiology of endometriosis.
It facilitates the development of ectopic endometrial
glands by inducing endometrial angiogenesis [143].
Oxidative stress contributes to angiogenesis by
increasing vascular endothelial growth factor (VGEF)
production [144]. Oxidative stress also causes
increased expression of glycodelin, a glycoprotein
that also causes increased VEGF expression [144].
Altered NOS expression also may hinder embryo
implantation by affecting the endometrial recep-
tivity. 

Abnormally high levels of TNF-α have been
demonstrated in the peritoneal fluid of these
women and has been correlated with disease
progression [145, 146]. TNF-α is a major pro-
inflammatory cytokine and is known to play a role
in endometrial proliferation and shedding. It impairs
GSH production by several mechanisms, creating
an environment conducive to OS development.
Oxidative stress itself induces TNF-α production.
This pathogenic cycle of GSH disturbances and
enhanced TNF-α production may be active in the
female reproductive tract in endometriosis. In an in
vitro study, incubation with TNF-α decreased
spermatozoa quality in a dose- and time-dependent
manner [147]. This may be one of the reasons for
infertility in these women.

Oxidative stress is thought to damage the
mesothelial cells in the peritoneal cavity, facilitating
the adhesion of ectopic endometrial cells [148]. 
It also may lead to infertility by having a direct effect
on reproductive stages such as reproductive cell
viability, sperm motility, oocyte fecundity, and

implantation [149-151]. Interestingly, it has been
hypothesized that OS may be responsible for the
generation of autoantibodies in these patients. Lipid
peroxidation by OS leads to the generation 
of malonaldehyde (MDA), which the body’s defense
system identifies as a foreign body. Antibodies are
formed against MDA, which lead to red blood cells,
endometrial cells, and peritoneal cells, stimulating
more mononuclear phagocytes, thus perpetuating
a cycle of oxidative damage [140-142, 152]. 

While many studies suggest a role of OS in
endometriosis, others have demonstrated no
significant association between OS and this
condition [138, 146, 148, 153]. 

Trials elucidating the preventive role of anti-
oxidants in these women have been conducted by
many investigators. Many investigators believe that
their use in women with the disease may be
effective in reducing the severity of symptoms and
complications [154]. Daily supplementation of vita-
min E and C for a period of 4 months was
associated with decreased lipid hydroperoxides and
MDA in the peripheral blood of these women,
however, no significant difference in the pregnancy
rates was found between patients and controls
[154]. Injection of antioxidant enzymes such as SOD
or catalase into the peritoneal cavity in animal
models can prevent the formation of intraperitoneal
adhesions at typical endometriotic implantation
sites [155]. Treatment with infliximab, a monoclonal
antibody that neutralizes the toxic effects of TNF-α,
has been advocated for treatment of infertility in
these patients. Pentoxifylline is another drug being
studied for its potential to treat infertility secondary
to endometriosis. Pentoxifylline is a 3’5’-nucleotide
phosphodiesterase inhibitor with strong immuno-
modulatory actions and has been shown to
significantly depress the embryotoxic effects 
of H2O2 [156]. 

HHyyddrroossaallppiinnxx

Hydrosalpinx, which is defined as a blocked,
dilated, and fluid-filled salpingeal tube, is associated
with a higher risk of spontaneous abortions as well
as low pregnancy and implantation rates. Oxidative
stress in hydrosalpinx fluid (HSF) is thought to be
responsible for the embryotoxicity of the HSF. But
the study conducted by Chanr et al. (2004) [157] is
in disagreement with this hypothesis. Apart from
this, HSF decreases endometrial integrins by
interfering with their expression [158, 159] leading
to failure of implantation. Hydrosalpinx fluid also
interferes with the secretion of cytokines like IL-1,
IL-1β, LIF and CSF-1, which are recognized as having
a function in implantation [160]. There is a notion
that HSF may mechanically flush the embryo from
the uterus [161, 162] or may alter the character 
of endometrial peristalsis (reflux phenomenon
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opposing cervix to fundus peristalsis) [163], thereby
resulting in reduced implantation and pregnancy
rates. Hydrosalpinx fluid also may act as a physical
barrier to implantation [161, 162, 164, 165].
Laproscopic salpingectomy followed by in vitro
fertilization (IVF) is the only effective treatment for
these patients. Removal of the diseased part of 
the salpingeal tube results in restitution of 
the endometrial integrins. Tubal reconstructive
surgery should be used as a primary treatment 
of hydrosalpinges with preserved mucusa [166].

UUnneexxppllaaiinneedd  iinnffeerrttiilliittyy

Higher levels of ROS [138], NO [167] and low
antioxidant status [168] have been found in the
peritoneal fluid of women suffering from
unexplained infertility. Howard et al. (1994) [169]
demonstrated that oral selenium (cofactor for
glutathione peroxidase) supplementation was able
to normalize red blood cell glutathione peroxidase
levels and increase the pregnancy rate. N-acetyl-
cysteine (NAC), a powerful antioxidant, also has
been investigated in these patients for potentially
improving the ovulation in women with polycystic
ovary syndrome. Badawy et al. (2006) [170] showed
that NAC was ineffective in inducing or augmenting
ovulation in these women.

PPrreemmaattuurree  oovvaarriiaann  aaggiinngg

Oxidative stress occurs around menopause
because of the decrease in estrogen concentration,
which has antioxidant effects, as well as reduced
expression of antioxidant genes [171, 172]. Oxidative
stress causes derangement of the intracellular calcium
homeostasis, ultimately leading to a decline in oocyte
quality and premature oocyte aging [173-175].
Decreased intracellular ATP levels, which are seen in
aged oocytes, also are caused by OS-induced
mitochondrial damage [176, 177]. Reduced
mitochondrial ATP is responsible for the disassembly
of MII oocyte spindles [177], thereby leading to low
quality oocytes. Tarin et al. (1998) [178] also showed
that OS causes disturbance in the chromosomal
distribution in the MII spindle of mouse oocyte.

Tarin et al. have demonstrated the beneficial
effects of antioxidant supplementation in preven-
ting oocyte aging [178]. They have proposed early
onset of antioxidant supplementation [179]. Oral
antioxidants also may protect the hypothalamic-
pituitary system from free radical damage, thus
maintaining baseline FSH and LH levels for a longer
period of time [179]. Antioxidants like vitamin C, E,
SOD, and NAC also decreases the number of follicles
undergoing atresia by inhibiting granulose cell
apoptosis [180, 181]. Hormone replacement therapy
also is helpful in overcoming the damaging effects
of OS as it antagonizes the decrease in SOD activity
that is known to occur after menopause. Lastly, NO

has been shown to prevent oocyte aging by acting
as an atypical antioxidant [182]. Culture media in
assisted reproductive technologies can be supple-
mented with NO to prevent oocyte aging and
improve fertility and reproductive outcomes with
these techniques. 

RReeccuurrrreenntt  pprreeggnnaannccyy  lloossss  

Recurrent pregnancy loss (RPL), defined as three
or more consecutive pregnancy losses before 
20 weeks gestation, affects 0.5-3% of women in 
the reproductive age group. The causative factors
include but are not limited to genetic abnormalities,
uterine anomalies, autoimmune diseases such as
systemic lupus erythematosus, antiphospholipid
syndrome, blood clotting disorders such as
hyperhomocysteinemia or other thrombophilias,
infectious diseases, endocrinopathies, polycystic
ovary syndrome, sperm DNA fragmentation, and
sperm meiotic alterations. Although multiple
causative factors have been identified, the etiology
behind 50-60% of the cases still remains unclear.
Higher production of ROS [183] and decreased levels
of β-carotene and vitamin E [184] have been found
in patients with RPL. In these women, OS is the
result of abnormal placentation. Early onset 
of maternofetal circulation and resulting placental
oxidative stress cause damage to syncytio-
trophoblasts that lack adequate antioxidant
defenses at that time. Oxidative stress also plays 
a role in the pathophysiology of antiphospholipid
(aPL) syndrome and hyperhomocysteinemia and
causes oxidative damage to sperm DNA. In aPL
syndrome, OS causes oxidation of LDL. Ox-LDL is
responsible for changing the antigenic properties
of many oxidized phospholipids, making them more
susceptible to aPL antibody attack. Homocysteine
generates ROS such as H2O2 that may induce 
OS when homocysteine levels are elevated.
Normally, plasma homocysteine levels decrease at
the time of pregnancy, but this is not the case with
hyperhomocysteinemia. The resulting OS in
hyperhomocystenemia is responsible for endothelial
dysfunction as well as increased apoptosis,
ultimately leading to early pregnancy loss. The use
of folate, vitamin B6, and B12 has been suggested
by many authors to normalize homocysteine levels
[185-188] and further improve pregnancy rates.
Selenium is a co-factor for the enzyme GSH
peroxidase, and its deficiency has been linked to
the depletion of GSH peroxidase. Whether selenium
supplementation is beneficial is still controversial. 

Role of oral antioxidant supplementation 

Antioxidants (AOs) are the main defense
parameter against OS. Antioxidants are categorized
as either preventative or scavenger AOs.
Preventative AOs function to inhibit production 
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of new ROS; scavenger AOs remove existing ROS.
Dietary products provide excellent sources of
antioxidants, such as lycopene, vitamin C, and E. 

Treatment with oral antioxidant vitamins currently
is under evaluation for male fertility. Antioxidants have
been shown to not only prevent reduction in sperm
motility but also increase sperm motility. Evidence
shows oral supplementation of 2-3 g/day of carnitines
for >2 months improved sperm concentration and
motility [189]. Antioxidants also have been shown to
decrease DNA fragmentation caused by OS. Many
studies can attest to this. It was demonstrated that
vitamin C and E supplementation reduced the number 
of TUNEL-positive spermatozoa [190]. Furthermore,
the addition of vitamin E or C to sperm preparation
media during density gradient separation protected
sperm from DNA damage [191]. 

Although AO supplementation proves to be
beneficial in male infertility, whether it should be
given in the case of female infertility is a matter 
of debate. Oral AO supplementation has been
shown to be effective in preventing luteal phase
deficiency, thus increasing the pregnancy rate [192,
193]. In contrast, a study conducted by Griesinger
et al. [194] failed to report this beneficial effect [195].
The role of antioxidant supplementation in some 
of the female gynecological disorders has been
discussed earlier in this article.

Conclusions

Our knowledge of human reproduction has
shown phenomenal growth in the past decade. Our
understanding of OS and its role in pathologies has
given rise to several new treatment modalities, now
being investigated to improve both male and
female infertility. Although many new antioxidants
are available to improve infertility, a major concern
about their usage remains due to lack of scientific
evidence supporting their effectiveness. Evaluation
of OS status and the use of antioxidants warrant
further studies. 

RReeffeerreenncceess

1. Iammarrone E, Balet R, Lower AM, Gillott C, Grudzinskas
JG. Male infertility. Best Pract Res Clin Obstet Gynaecol
2003; 17: 211-29.

2. Desai N, Sharma R, Makker K, Sabanegh E, Agarwal A.
Physiologic and pathologic levels of reactive oxygen
species in neat semen of infertile men. Fertil Steril 2008
Epub ahead of print. 

3. Lekamge DN, Lane M, Gilchrist RB, Tremellen KP.
Increased gonadotrophin stimulation does not improve
IVF outcomes in patients with predicted poor ovarian
reserve. J Assist Reprod Genet 2008; 25: 515-21.

4. Griveau JF, Le Lannou D. Reactive oxygen species and
human spermatozoa: physiology and pathology. Int 
J Androl 1997; 20: 61-9.

5. Agarwal A, Nallella KP, Allamaneni SS, Said TM. Role of
antioxidants in treatment of male infertility: an overview
of the literature. Reprod Biomed Online 2004; 8: 616-27.

6. Smith TT, Yanagimachi R. Capacitation status of hamster
spermatozoa in the oviduct at various times after
mating. J Reprod Fertil 1989; 86: 255-61.

7. Hunter RH, Rodriguez-Martinez H. Capacitation of
mammalian spermatozoa in vivo, with a specific focus
on events in the Fallopian tubes. Mol Reprod Dev 2004;
67: 243-50.

8. Aitken RJ, Paterson M, Fisher H, Buckingham DW, van
Duin M. Redox regulation of tyrosine phosphorylation
in human spermatozoa and its role in the control of
human sperm function. J Cell Sci 1995; 108: 2017-25.

9. Visconti PE, Moore GD, Bailey JL, et al. Capacitation of
mouse spermatozoa. II. Protein tyrosine phosphorylation
and capacitation are regulated by a cAMP-dependent
pathway. Development 1995; 121: 1139-50.

10. de Lamirande E, Leclerc P, Gagnon C. Capacitation as 
a regulatory event that primes spermatozoa for the
acrosome reaction and fertilization. Mol Hum Reprod
1997; 3: 175-94.

11. Kodama H, Kuribayashi Y, Gagnon C. Effect of sperm lipid
peroxidation on fertilization. J Androl 1996; 17: 151-7.

12. Aitken RJ. Free radicals, lipid peroxidation and sperm
function. Reprod Fertil Dev 1995; 7: 659-68.

13. Garrido N, Meseguer M, Simon C, Pellicer A, Remohi J.
Pro-oxidative and anti-oxidative imbalance in human
semen and its relation with male fertility. Asian J Androl
2004; 6: 59-65.

14. Gavella M, Lipovac V. NADH-dependent oxidoreductase
(diaphorase) activity and isozyme pattern of sperm in
infertile men. Arch Androl 1992; 28: 135-41.

15. Agarwal A, Saleh RA, Bedaiwy MA. Role of reactive
oxygen species in the pathophysiology of human
reproduction. Fertil Steril 2003; 79: 829-43.

16. Helbock HJ, Beckman KB, Shigenaga MK, et al. DNA
oxidation matters: the HPLC-electrochemical detection
assay of 8-oxo-deoxyguanosine and 8-oxo-guanine. Proc
Natl Acad Sci U S A 1998; 95: 288-93.

17. Fraga CG, Motchnik PA, Wyrobek AJ, Rempel DM, Ames
BN. Smoking and low antioxidant levels increase
oxidative damage to sperm DNA. Mutat Res 1996; 351:
199-203.

18. Kodama H, Yamaguchi R, Fukuda J, Kasai H, Tanaka T.
Increased oxidative deoxyribonucleic acid damage in the
spermatozoa of infertile male patients. Fertil Steril 1997;
68: 519-24.

19. Sun JG, Jurisicova A, Casper RF. Detection of deoxy-
ribonucleic acid fragmentation in human sperm:
correlation with fertilization in vitro. Biol Reprod 1997;
56: 602-7.

20. Aitken RJ, Krausz C. Oxidative stress, DNA damage and
the Y chromosome. Reproduction 2001; 122: 497-506.

21. Agarwal A, Said TM. Role of sperm chromatin
abnormalities and DNA damage in male infertility. Hum
Reprod Update 2003; 9: 331-45.

22. Spiropoulos J, Turnbull DM, Chinnery PF. Can
mitochondrial DNA mutations cause sperm dysfunction?
Mol Hum Reprod 2002; 8: 719-21.

23. Sharma RK, Said T, Agarwal A. Sperm DNA damage and
its clinical relevance in assessing reproductive outcome.
Asian J Androl 2004; 6: 139-48.

24. Sakkas D, Urner F, Bizzaro D, et al. Sperm nuclear DNA
damage and altered chromatin structure: effect on
fertilization and embryo development. Hum Reprod
1998; 13 Suppl 4: 11-9.

25. Sakkas D, Seli E, Bizzaro D, Tarozzi N, Manicardi GC.
Abnormal spermatozoa in the ejaculate: abortive
apoptosis and faulty nuclear remodelling during
spermatogenesis. Reprod Biomed Online 2003; 7: 428-32.

Significance of oxidative stress in human reproduction



S 38 Arch Med Sci 1A, March / 2009

26. Redmon JB, Carey P, Pryor JL. Varicocele – the most
common cause of male factor infertility? Hum Reprod
Update 2002; 8: 53-8.

27. Cohen MS, Plaine L, Brown JS. The role of internal
spermatic vein plasma catecholamine determinations
in subfertile men with varicoceles. Fertil Steril 1975; 26:
1243-9.

28. Goldstein M, Eid JF. Elevation of intratesticular and
scrotal skin surface temperature in men with varicocele.
J Urol 1989; 142: 743-5.

29. Ross JA, Watson NE Jr, Jarow JP. The effect of varicoceles
on testicular blood flow in man. Urology 1994; 44: 535-9.

30. Saleh RA, Agarwal A. Oxidative stress and male infertility:
from research bench to clinical practice. J Androl 2002;
23: 737-52.

31. Pasqualotto FF, Sundaram A, Sharma RK, Borges E Jr,
Pasqualotto EB, Agarwal A. Semen quality and oxidative
stress scores in fertile and infertile patients with
varicocele. Fertil Steril 2008; 89: 602-7.

32. Sakamoto Y, Ishikawa T, Kondo Y, Yamaguchi K, 
Fujisawa M. The assessment of oxidative stress in infertile
patients with varicocele. BJU Int 2008; 101: 1547-52.

33. Smith R, Kaune H, Parodi D, et al. Increased sperm DNA
damage in patients with varicocele: relationship with
seminal oxidative stress. Hum Reprod 2006; 21: 986-93.

34. Ishikawa T, Kondo Y, Goda K, Fujisawa M. Overexpression
of endothelial nitric oxide synthase in transgenic mice
accelerates testicular germ cell apoptosis induced by
experimental cryptorchidism. J Androl 2005; 26: 281-8.

35. Kondo Y, Ishikawa T, Yamaguchi K, Yada T, Fujisawa M. Oral
administration of tetrahydrobiopterin attenuates testicular
damage by reducing nitric oxide synthase activity in 
a cryptorchid mouse model. J Androl 2008; 29: 153-63.

36. Kumagai A, Kodama H, Kumagai J, et al. Xanthine
oxidase inhibitors suppress testicular germ cell apoptosis
induced by experimental cryptorchidism. Mol Hum
Reprod 2002; 8: 118-23.

37. Vigueras-Villasen~or RM, Molina-Ortiz D, Reyes-Torres G,
et al. Effect of allopurinol on damage caused by free
radicals to cryptorchid testes. Acta Histochem 2008 Epub
ahead of print.

38. Gao XK, Yang B, Wang H, Shao C, Liu HL, Shao GX.
Protective effect of nitric oxide synthase inhibitor (L-NAME)
on germ cell apoptosis in experimentally cryptorchid rats
[Chinese]. Zhonghua Nan Ke Xue 2003; 9: 684-6, 9.

39. Fei QJ, Zheng XM, Li SW, Zheng H. The effect of
antioxidant enzyme on germ cell apoptosis in
cryptorchidism [Chinese]. Zhonghua Nan Ke Xue 2002;
8: 255-7.

40. Kaur T, Singh S, Dhawan V, Ganguly NK. Shigella
dysenteriae type 1 toxin induced lipid peroxidation in
enterocytes isolated from rabbit ileum. Mol Cell Biochem
1998; 178: 169-79.

41. Mun~oz-Sánchez JL, Jiménez-Cardoso E, Cervantes-
Cervantes P, Crisóstomo Vázquez MP. Oxygen free
radicals produced by Entamoeba histolytica are able to
cause biological damage. Arch Med Res 1997; 28 Spec
No: 154-5.

42. He XJ, Chen LZ, Fang DX, Ye HS, She SY, Hong HY. Effect
of varicocele on expression of apoptosis associated gene
Bcl-2 and Bax in spermatogenic cells of adolescent rats
[Chinese]. Sichuan Da Xue Xue Bao Yi Xue Ban 2005; 36:
497-9, 518.

43. Mehta A, Singh S, Ganguly NK. Role of reactive oxygen
species in Salmonella typhimurium-induced enterocyte
damage. Scand J Gastroenterol 1998; 33: 406-14.

44. Agarwal A, Prabakaran SA. Mechanism, measurement,
and prevention of oxidative stress in male reproductive
physiology. Indian J Exp Biol 2005; 43: 963-74.

45. Wang A, Fanning L, Anderson DJ, Loughlin KR. Generation
of reactive oxygen species by leukocytes and sperm
following exposure to urogenital tract infection. Arch
Androl 1997; 39: 11-7.

46. Pasqualotto FF, Sharma RK, Potts JM, Nelson DR, Thomas
AJ, Agarwal A. Seminal oxidative stress in patients with
chronic prostatitis. Urology 2000; 55: 881-5.

47. Rama G, Chhina DK, Chhina RS, Sharma S. Urinary tract
infections-microbial virulence determinants and reactive
oxygen species. Comp Immunol Microbiol Infect Dis
2005; 28: 339-49.

48. Depuydt C, Zalata A, Christophe A, Mahmoud A,
Comhaire F. Mechanisms of sperm deficiency in male
accessory gland infection. Andrologia 1998; 30 Suppl. 1:
29-33.

49. Henkel R, Kierspel E, Stalf T, et al. Effect of reactive
oxygen species produced by spermatozoa and
leukocytes on sperm functions in non-leukocytospermic
patients. Fertil Steril 2005; 83: 635-42.

50. Jozwik M, Wolczynski S, Jozwik M, Szamatowicz M.
Oxidative stress markers in preovulatory follicular fluid
in humans. Mol Hum Reprod 1999; 5: 409-13.

51. Paszkowski T, Clarke RN, Hornstein MD. Smoking induces
oxidative stress inside the Graafian follicle. Hum Reprod
2002; 17: 921-5.

52. Guérin P, El Mouatassim S, Ménézo Y. Oxidative stress
and protection against reactive oxygen species in the
pre-implantation embryo and its surroundings. Hum
Reprod Update 2001; 7: 175-89.

53. Halliwell B, Gutteridge JM. Free radicals and antioxidant
protection: mechanisms and significance in toxicology
and disease. Hum Toxicol 1988; 7: 7-13.

54. Sugino N, Shimamura K, Takiguchi S, et al. Changes in
activity of superoxide dismutase in the human
endometrium throughout the menstrual cycle and in
early pregnancy. Hum Reprod 1996; 11: 1073-8.

55. Riley JC, Behrman HR. Oxygen radicals and reactive
oxygen species in reproduction. Proc Soc Exp Biol Med
1991; 198: 781-91.

56. Takami M, Preston SL, Toyloy VA, Behrman HR.
Antioxidants reversibly inhibit the spontaneous
resumption of meiosis. Am J Physiol 1999; 276: E684-8.

57. Takami M, Preston SL, Behrman HR. Eicosatetraynoic
and eicosatriynoic acids, lipoxygenase inhibitors, block
meiosis via antioxidant action. Am J Physiol Cell Physiol
2000; 278: C646-50.

58. Behrman HR, Kodaman PH, Preston SL, Gao S. Oxidative
stress and the ovary. J Soc Gynecol Investig 2001; 8
(1 Suppl Proceedings): S40-2.

59. Yoshida M, Ishigaki K, Nagai T, Chikyu M, Pursel VG.
Glutathione concentration during maturation and after
fertilization in pig oocytes: relevance to the ability of
oocytes to form male pronucleus. Biol Reprod 1993; 49:
89-94.

60. Ikeda S, Kitagawa M, Imai H, Yamada M. The roles of
vitamin A for cytoplasmic maturation of bovine oocytes.
J Reprod Dev 2005; 51: 23-35.

61. Duleba AJ, Foyouzi N, Karaca M, Pehlivan T, Kwintkiewicz J,
Behrman HR. Proliferation of ovarian theca-interstitial
cells is modulated by antioxidants and oxidative stress.
Hum Reprod 2004; 19: 1519-24.

62. Behl R, Pandey RS. Effect of epidermal growth factor on
steroidogenesis by caprine granulosa cells in culture:
interaction with FSH. Small Rumin Res 2001; 40: 57-62.

Anjali Chandra, Nilopher Surti, Shubhangi Kesavan, Ashok Agarwal



Arch Med Sci 1A, March / 2009 S 39

63. Tsafriri A, Reich R. Molecular aspects of mammalian
ovulation. Exp Clin Endocrinol Diabetes 1999; 107: 1-11.

64. Ben-Shlomo I, Kokia E, Jackson MJ, Adashi EY, Payne DW.
Interleukin-1 beta stimulates nitrite production in the
rat ovary: evidence for heterologous cell-cell interaction
and for insulin-mediated regulation of the inducible
isoform of nitric oxide synthase. Biol Reprod 1994; 51:
310-8.

65. Suzuki T, Sugino N, Fukaya T, et al. Superoxide dismutase
in normal cycling human ovaries: immunohistochemical
localization and characterization. Fertil Steril 1999; 72:
720-6.

66. Cigliano L, Balestrieri M, Spagnuolo MS, Dale B, 
Abrescia P. Lecithin-cholesterol acyltransferase activity
during maturation of human preovulatory follicles with
different concentrations of ascorbate, alpha-tocopherol
and nitrotyrosine. Reprod Fertil Dev 2002; 14: 15-21.

67. Vega M, Urrutia L, In~iguez G, Gabler F, Devoto L, Johnson
MC. Nitric oxide induces apoptosis in the human corpus
luteum in vitro. Mol Hum Reprod 2000; 6: 681-7.

68. Friden BE, Runesson E, Hahlin M, Brännström M. Evidence
for nitric oxide acting as a luteolytic factor in the human
corpus luteum. Mol Hum Reprod 2000; 6: 397-403.

69. Murdoch WJ. Inhibition by oestradiol of oxidative stress-
induced apoptosis in pig ovarian tissues. J Reprod Fertil
1998; 114: 127-30.

70. Tsai-Turton M, Luderer U. Opposing effects of glutathione
depletion and follicle-stimulating hormone on reactive
oxygen species and apoptosis in cultured preovulatory
rat follicles. Endocrinology 2006; 147: 1224-36.

71. Sugino N, Karube-Harada A, Taketani T, Sakata A,
Nakamura Y. Withdrawal of ovarian steroids stimulates
prostaglandin F2alpha production through nuclear factor-
kappaB activation via oxygen radicals in human
endometrial stromal cells: potential relevance to
menstruation. J Reprod Dev 2004; 50: 215-25.

72. Serviddio G, Loverro G, Vicino M, et al. Modulation of
endometrial redox balance during the menstrual cycle:
relation with sex hormones. J Clin Endocrinol Metab
2002; 87: 2843-8.

73. Schroedl C, McClintock DS, Budinger GR, Chandel NS.
Hypoxic but not anoxic stabilization of HIF-1alpha
requires mitochondrial reactive oxygen species. Am 
J Physiol Lung Cell Mol Physiol 2002; 283: L922-31.

74. Basini G, Grasselli F, Bianco F, Tirelli M, Tamanini C. Effect
of reduced oxygen tension on reactive oxygen species
production and activity of antioxidant enzymes in swine
granulosa cells. Biofactors 2004; 20: 61-9.

75. Tseng L, Zhang J, Peresleni TY, Goligorsky MS. Cyclic
expression of endothelial nitric oxide synthase mRNA in
the epithelial glands of human endometrium. J Soc
Gynecol Investig 1996; 3: 33-8.

76. Schmidt HH, Gagne GD, Nakane M, Pollock JS, Miller MF,
Murad F. Mapping of neural nitric oxide synthase in the
rat suggests frequent co-localization with NADPH
diaphorase but not with soluble guanylyl cyclase, and
novel paraneural functions for nitrinergic signal
transduction. J Histochem Cytochem 1992; 40: 1439-56.

77. Cameron IT, Campbell S. Nitric oxide in the endometrium.
Hum Reprod Update 1998; 4: 565-9.

78. Rosselli M, Keller PJ, Dubey RK. Role of nitric oxide in the
biology, physiology and pathophysiology of reproduction.
Hum Reprod Update 1998; 4: 3-24.

79. Norman JE, Thompson AJ, Telfer JF, Young A, Greer IA,
Cameron IT. Myometrial constitutive nitric oxide
synthase expression is increased during human
pregnancy. Mol Hum Reprod 1999; 5: 175-81.

80. Riemer RK, Buscher C, Bansal RK, Black SM, He Y, Natuzzi
ES. Increased expression of nitric oxide synthase in the
myometrium of the pregnant rat uterus. Am J Physiol
1997; 272: E1008-15.

81. Seyffarth G, Nelson PN, Dunmore SJ, Rodrigo N, Murphy
DJ, Carson RJ. Lipopolysaccharide induces nitric oxide
synthase expression and platelet-activating factor
increases nitric oxide production in human fetal
membranes in culture. Reprod Biol Endocrinol 2004; 2: 29.

82. Kowaltowski AJ, Vercesi AE. Mitochondrial damage
induced by conditions of oxidative stress. Free Radic Biol
Med 1999; 26: 463-71.

83. Catt JW, Henman M. Toxic effects of oxygen on human
embryo development. Hum Reprod 2000; 15 Suppl 2:
199-206.

84. Cooke MS, Evans MD, Dizdaroglu M, Lunec J. Oxidative
DNA damage: mechanisms, mutation, and disease.
FASEB J 2003; 17: 1195-214.

85. Tarín JJ. Potential effects of age-associated oxidative
stress on mammalian oocytes/embryos. Mol Hum
Reprod 1996; 2: 717-24.

86. Tarín JJ, Pérez-Albalá S, Cano A. Consequences on
offspring of abnormal function in ageing gametes. Hum
Reprod Update 2000; 6: 532-49.

87. Naz RK, Zhu X, Menge AC. Expression of tumor necrosis
factor-alpha and its receptors type I and type II in human
oocytes. Mol Reprod Dev 1997; 47: 127-33.

88. Kondo H, Maruo T, Mochizuki M. Immunohistochemical
evidence for the presence of tumor necrosis factor-alpha
in the infant and adult human ovary. Endocr J 1995; 42:
771-80.

89. Marcinkiewicz JL, Balchak SK, Morrison LJ. The
involvement of tumor necrosis factor-alpha (TNF) as an
intraovarian regulator of oocyte apoptosis in the
neonatal rat. Front Biosci 2002; 7: 1997-2005.

90. Lee KS, Joo BS, Na YJ, Yoon MS, Choi OH, Kim WW.
Relationships between concentrations of tumor necrosis
factor-alpha and nitric oxide in follicular fluid and oocyte
quality. J Assist Reprod Genet 2000; 17: 222-8.

91. Yamashita T, Yamazaki H, Kon Y, et al. Progressive effect
of alpha-phenyl-N-tert-butyl nitrone (PBN) on rat
embryo development in vitro. Free Radic Biol Med 1997;
23: 1073-7.

92. Noda Y, Matsumoto H, Umaoka Y, Tatsumi K, Kishi J, 
Mori T. Involvement of superoxide radicals in the mouse
two-cell block. Mol Reprod Dev 1991; 28: 356-60.

93. Nasr-Esfahani MH, Aitken JR, Johnson MH. Hydrogen
peroxide levels in mouse oocytes and early cleavage
stage embryos developed in vitro or in vivo.
Development 1990; 109: 501-7.

94. Nasr-Esfahani MM, Johnson MH. The origin of reactive
oxygen species in mouse embryos cultured in vitro.
Development 1991; 113: 551-60.

95. Yang HW, Hwang KJ, Kwon HC, Kim HS, Choi KW, Oh KS.
Detection of reactive oxygen species (ROS) and
apoptosis in human fragmented embryos. Hum Reprod
1998; 13: 998-1002.

96. Chung HT, Pae HO, Choi BM, Billiar TR, Kim YM. Nitric
oxide as a bioregulator of apoptosis. Biochem Biophys
Res Commun 2001; 282: 1075-9.

97. Jurisicova A, Varmuza S, Casper RF. Programmed cell
death and human embryo fragmentation. Mol Hum
Reprod 1996; 2: 93-8.

98. Morales H, Tilquin P, Rees JF, Massip A, Dessy F, Van
Langendonckt A. Pyruvate prevents peroxide-induced
injury of in vitro preimplantation bovine embryos. Mol
Reprod Dev 1999; 52: 149-57.

Significance of oxidative stress in human reproduction



S 40 Arch Med Sci 1A, March / 2009

99. Riesewijk A, Martin J, van Os R, et al. Gene expression
profiling of human endometrial receptivity on days LH+2
versus LH+7 by microarray technology. Mol Hum Reprod
2003; 9: 253-64.

100. Sugino N, Nakata M, Kashida S, Karube A, Takiguchi S,
Kato H. Decreased superoxide dismutase expression and
increased concentrations of lipid peroxide and
prostaglandin F(2alpha) in the decidua of failed
pregnancy. Mol Hum Reprod 2000; 6: 642-7.

101. Report of the National High Blood Pressure Education
Program Working Group on High Blood Pressure in
Pregnancy. Am J Obstet Gynecol 2000; 183: S1-S22.

102. ACOG practice bulletin. Diagnosis and management of
preeclampsia and eclampsia. Number 33, January 2002.
American College of Obstetricians and Gynecologists.
Int J Gynaecol Obstet 2002; 77: 67-75.

103. Adiga U, D'souza V, Kamath A, Mangalore N. Antioxidant
activity and lipid peroxidation in preeclampsia. J Chin
Med Assoc 2007; 70: 435-8.

104. King JF, Slaytor EK, Sullivan EA. Maternal deaths in
Australia, 1997-1999. Med J Aust 2004; 181: 413-4.

105. Rumiris D, Purwosunu Y, Wibowo N, Farina A, Sekizawa A.
Lower rate of preeclampsia after antioxidant
supplementation in pregnant women with low antioxidant
status. Hypertens Pregnancy 2006; 25: 241-53.

106. Sibia B (ed.). Hypertension in pregnancy. 3rd ed. New
York: Churchilll Livingstone 1996.

107. Tsukimori K, Fukushima K, Tsushima A, Nakano H.
Generation of reactive oxygen species by neutrophils
and endothelial cell injury in normal and preeclamptic
pregnancies. Hypertension 2005; 46: 696-700.

108. Winterbourn CC, Stern A. Human red cells scavenge
extracellular hydrogen peroxide and inhibit formation of
hypochlorous acid and hydroxyl radical. J Clin Invest 1987;
80: 1486-91.

109. Madazli R, Benian A, Aydin S, Uzun H, Tolun N. The
plasma and placental levels of malondialdehyde,
glutathione and superoxide dismutase in pre-eclampsia.
J Obstet Gynaecol 2002; 22: 477-80.

110. Mahadik KV, Sina SA. Study of serum levels of superoxide
dismutase in preeclampsia and eclampsia: role of the
test as a predictive tool. J Obstet Gynaecol Res 2003; 29:
262-7.

111. Vanderlelie J, Venardos K, Clifton VL, Gude NM, Clarke
FM, Perkins AV. Increased biological oxidation and
reduced anti-oxidant enzyme activity in pre-eclamptic
placentae. Placenta 2005; 26: 53-8.

112. Mehendale S, Kilari A, Dangat K, Taralekar V, Mahadik S,
Joshi S. Fatty acids, antioxidants, and oxidative stress in
pre-eclampsia. Int J Gynaecol Obstet 2008; 100: 234-8.

113. Chappell LC, Seed PT, Briley AL, et al. Effect of antioxidants
on the occurrence of pre-eclampsia in women at increased
risk: a randomised trial. Lancet 1999; 354: 810-6.

114. Rumbold AR, Crowther CA, Haslam RR, Dekker GA,
Robinson JS; ACTS Study Group. Vitamins C and E and
the risks of preeclampsia and perinatal complications. 
N Engl J Med 2006; 354: 1796-806.

115. Beazley D, Ahokas R, Livingston J, Griggs M, Sibai BM.
Vitamin C and E supplementation in women at high risk
for preeclampsia: a double-blind, placebo-controlled trial.
Am J Obstet Gynecol 2005; 192: 520-1.

116. Jeyabalan A, Caritis SN. Antioxidants and the prevention
of preeclampsia-unresolved issues. N Engl J Med 2006;
354: 1841-3.

117. Spinnato JA 2nd, Freire S, Pinto e Silva JL, et al. Antioxidant
therapy to prevent preeclampsia: a randomized controlled
trial. Obstet Gynecol 2007; 110: 1311-8.

118. Poston L, Briley AL, Seed PT, Kelly FJ, Shennan AH;
Vitamins in Pre-eclampsia (VIP) Trial Consortium. Vitamin
C and vitamin E in pregnant women at risk for pre-
eclampsia (VIP trial): randomised placebo-controlled trial.
Lancet 2006; 367: 1145-54.

119. Rumbold A, Crowther CA. Vitamin C supplementation in
pregnancy. Cochrane Database Syst Rev 2005; (2):
CD004072.

120. Harma M, Harma M, Erel O. Increased oxidative stress
in patients with hydatidiform mole. Swiss Med Wkly
2003; 133: 563-6.

121. Harma M, Harma M, Kocyigit A, Demir N. Role of plasma
nitric oxide in complete hydatidiform mole. Eur J Gynaecol
Oncol 2004; 25: 333-5.

122. Harma M, Harma M, Kocyigit A, Erel O. Increased DNA
damage in patients with complete hydatidiform mole.
Mutat Res 2005; 583: 49-54.

123. Fulop V, Mok SC, Genest DR, Szigetvari I, Cseh I, Berkowitz
RS. c-myc, c-erbB-2, c-fms and bcl-2 oncoproteins.
Expression in normal placenta, partial and complete mole,
and choriocarcinoma. J Reprod Med 1998; 43: 101-10.

124. Qiao S, Nagasaka T, Harada T, Nakashima N. p53, Bax and
Bcl-2 expression, and apoptosis in gestational trophoblast
of complete hydatidiform mole. Placenta 1998; 19: 361-9.

125. Sakuragi N, Matsuo H, Coukos G, et al. Differentiation-
dependent expression of the BCL-2 proto-oncogene in
the human trophoblast lineage. J Soc Gynecol Investig
1994; 1: 164-72.

126. Mahmood TA, Templeton A. Prevalence and genesis of
endometriosis. Hum Reprod 1991; 6: 544-9.

127. Moen MH, Muus KM. Endometriosis in pregnant and
non-pregnant women at tubal sterilization. Hum Reprod
1991; 6: 699-702.

128. Rawson JM. Prevalence of endometriosis in asympto-
matic women. J Reprod Med 1991; 36: 513-5.

129. Ota H, Igarashi S, Tanaka T. Xanthine oxidase in ectopic
and ectopic endometrium in endometriosis and
adenomyosis. Fertil Steril 2001; 75: 785-90.

130. Shanti A, Santanam N, Morales AJ, Parthasarathy S,
Murphy AA. Autoantibodies to markers of oxidative stress
are elevated in women with endometriosis. Fertil Steril
1999; 71: 1115-8.

131. Szczepańska M, Koźlik J, Skrzypczak J, Mikołajczyk M.
Oxidative stress may be a piece in the endometriosis
puzzle. Fertil Steril 2003; 79: 1288-93.

132. Murphy AA, Palinski W, Rankin S, Morales AJ,
Parthasarathy S. Evidence for oxidatively modified lipid-
protein complexes in endometrium and endometriosis.
Fertil Steril 1998; 69: 1092-4.

133. Murphy AA, Palinski W, Rankin S, Morales AJ,
Parthasarathy S. Macrophage scavenger receptor(s) and
oxidatively modified proteins in endometriosis. Fertil
Steril 1998; 69: 1085-91.

134. Murphy AA, Santanam N, Morales AJ, Parthasarathy S.
Lysophosphatidyl choline, a chemotactic factor for
monocytes/T-lymphocytes is elevated in endometriosis.
J Clin Endocrinol Metab 1998; 83: 2110-3.

135. Vinatier D, Cosson M, Dufour P. Is endometriosis an
endometrial disease? Eur J Obstet Gynecol Reprod Biol
2000; 91: 113-25.

136. Ota H, Igarashi S, Kato N, Tanaka T. Aberrant expression
of glutathione peroxidase in eutopic and ectopic
endometrium in endometriosis and adenomyosis. Fertil
Steril 2000; 74: 313-8.

137. Polak G, Kozioł-Montewka M, Gogacz M, Błaszkowska I,
Kotarski J. Total antioxidant status of peritoneal fluid in
infertile women. Eur J Obstet Gynecol Reprod Biol 2001;
94: 261-3.

Anjali Chandra, Nilopher Surti, Shubhangi Kesavan, Ashok Agarwal



Arch Med Sci 1A, March / 2009 S 41

138. Wang Y, Sharma RK, Falcone T, Goldberg J, Agarwal A.
Importance of reactive oxygen species in the peritoneal
fluid of women with endometriosis or idiopathic
infertility. Fertil Steril 1997; 68: 826-30.

139. Alpay Z, Saed GM, Diamond MP. Female infertility and
free radicals: potential role in adhesions and
endometriosis. J Soc Gynecol Investig 2006; 13: 390-8.

140. Jackson LW, Schisterman EF, Dey-Rao R, Browne R,
Armstrong D. Oxidative stress and endometriosis. Hum
Reprod 2005; 20: 2014-20.

141. Kyama CM, Debrock S, Mwenda JM, D'Hooghe TM.
Potential involvement of the immune system in the
development of endometriosis. Reprod Biol Endocrinol
2003; 1: 123.

142. Van Langendonckt A, Casanas-Roux F, Donnez J.
Oxidative stress and peritoneal endometriosis. Fertil Steril
2002; 77: 861-70.

143. Gupta S, Agarwal A, Krajcir N, Alvarez JG. Role of
oxidative stress in endometriosis. Reprod Biomed Online
2006; 13: 126-34.

144. Park JK, Song M, Dominguez CE, et al. Glycodelin
mediates the increase in vascular endothelial growth
factor in response to oxidative stress in the
endometrium. Am J Obstet Gynecol 2006; 195: 1772-7.

145. Bedaiwy MA, Falcone T. Peritoneal fluid environment in
endometriosis. Clinicopathological implications. Minerva
Ginecol 2003; 55: 333-45.

146. Bedaiwy MA, Falcone T, Sharma RK, et al. Prediction of
endometriosis with serum and peritoneal fluid markers: 
a prospective controlled trial. Hum Reprod 2002; 17: 426-31.

147. Said TM, Agarwal A, Falcone T, Sharma RK, Bedaiwy MA,
Li L. Infliximab may reverse the toxic effects induced by
tumor necrosis factor alpha in human spermatozoa: an
in vitro model. Fertil Steril 2005; 83: 1665-73.

148. Arumugam K, Yip YC. De novo formation of adhesions in
endometriosis: the role of iron and free radical reactions.
Fertil Steril 1995; 64: 62-4.

149. Agarwal A, Allamaneni SS. Role of free radicals in female
reproductive diseases and assisted reproduction. Reprod
Biomed Online 2004; 9: 338-47.

150. Agarwal A, Gupta S, Sharma RK. Role of oxidative stress in
female reproduction. Reprod Biol Endocrinol 2005; 3: 28.

151. Allaire C. Endometriosis and infertility: a review. J Reprod
Med 2006; 51: 164-8.

152. Osborn BH, Haney AF, Misukonis MA, Weinberg JB.
Inducible nitric oxide synthase expression by peritoneal
macrophages in endometriosis-associated infertility. Fertil
Steril 2002; 77: 46-51.

153. Bedaiwy MA, Goldberg JM, Falcone T, et al. Relationship
between oxidative stress and embryotoxicity of
hydrosalpingeal fluid. Hum Reprod 2002; 17: 601-4.

154. Mier-Cabrera J, Genera-García M, De la Jara-Díaz J, Perichart-
Perera O, Vadillo-Ortega F, Hernández-Guerrero C. Effect of
vitamins C and E supplementation on peripheral oxidative
stress markers and pregnancy rate in women with
endometriosis. Int J Gynaecol Obstet 2008; 100: 252-6.

155. Portz DM, Elkins TE, White R, Warren J, Adadevoh S,
Randolph J. Oxygen free radicals and pelvic adhesion
formation: I. Blocking oxygen free radical toxicity to
prevent adhesion formation in an endometriosis model.
Int J Fertil 1991; 36: 39-42.

156. Zhang X, Sharma RK, Agarwal A, Falcone T. Effect of
pentoxifylline in reducing oxidative stress-induced
embryotoxicity. J Assist Reprod Genet 2005; 22: 415-7.

157. Chanr LY, Chiu PY, Lau TK. Hydrosalpinx fluid induced
embryotoxicity and lipid peroxidation. Reprod Toxicol
2004; 19: 147-8.

158. Illera MJ, Cullinan E, Gui Y, Yuan L, Beyler SA, Lessey BA.
Blockade of the alpha(v)beta(3) integrin adversely affects
implantation in the mouse. Biol Reprod 2000; 62: 1285-90.

159. Meyer WR, Castelbaum AJ, Somkuti S, et al.
Hydrosalpinges adversely affect markers of endometrial
receptivity. Hum Reprod 1997; 12: 1393-8.

160. Strandell A, Lindhard A. Why does hydrosalpinx reduce
fertility? The importance of hydrosalpinx fluid. Hum
Reprod 2002; 17: 1141-5.

161. Andersen AN, Lindhard A, Loft A, Ziebe S, Andersen CY.
The infertile patient with hydrosalpinges-IVF with or
without salpingectomy? Hum Reprod 1996; 11: 2081-4.

162. Bloechle M, Schreiner T, Lisse K. Recurrence of
hydrosalpinges after transvaginal aspiration of tubal fluid
in an IVF cycle with development of a serometra. Hum
Reprod 1997; 12: 703-5.

163. Eytan O, Azem F, Gull I, Wolman I, Elad D, Jaffa AJ. The
mechanism of hydrosalpinx in embryo implantation.
Hum Reprod 2001; 16: 2662-7.

164. Levi AJ, Segars JH, Miller BT, Leondires MP. Endometrial
cavity fluid is associated with poor ovarian response and
increased cancellation rates in ART cycles. Hum Reprod
2001; 16: 2610-5.

165. Sharara FI, McClamrock HD. Endometrial fluid collection
in women with hydrosalpinx after human chorionic
gonadotrophin administration: a report of two cases and
implications for management. Hum Reprod 1997; 12:
2816-9.

166. Strandell A, Lindhard A. Hydrosalpinx and ART.
Salpingectomy prior to IVF can be recommended to 
a well-defined subgroup of patients. Hum Reprod 2000;
15: 2072-4.

167. Dong M, Shi Y, Cheng Q, Hao M. Increased nitric oxide
in peritoneal fluid from women with idiopathic infertility
and endometriosis. J Reprod Med 2001; 46: 887-91.

168. Polak G, Kozioł-Montewka M, Gogacz M, Kotarski J. Total
antioxidant status and activity of an extracellular
superoxide dismutase in peritoneal fluid and plasma
from women with unexplained infertility [Polish]. Ginekol
Pol 2000; 71: 571-6.

169. Howard JM, Davies S, Hunnisett A. Red cell magnesium
and glutathione peroxidase in infertile women – effects
of oral supplementation with magnesium and selenium.
Magnes Res 1994; 7: 49-57.

170. Badawy A, Baker El Nashar A, El Totongy M. Clomiphene
citrate plus N-acetyl cysteine versus clomiphene citrate
for augmenting ovulation in the management of
unexplained infertility: a randomized double-blind
controlled trial. Fertil Steril 2006; 86: 647-50.

171. Bachvarova R. Gene expression during oogenesis and
oocyte development in mammals. Dev Biol (N Y 1985)
1985; 1: 453-524.

172. Hamatani T, Falco G, Carter MG, et al. Age-associated
alteration of gene expression patterns in mouse oocytes.
Hum Mol Genet 2004; 13: 2263-78.

173. Igarashi H, Takahashi E, Hiroi M, Doi K. Aging-related
changes in calcium oscillations in fertilized mouse
oocytes. Mol Reprod Dev 1997; 48: 383-90.

174. Kikuchi K, Naito K, Noguchi J, et al. Maturation/M-phase
promoting factor: a regulator of aging in porcine oocytes.
Biol Reprod 2000; 63: 715-22.

175. Xu Z, Abbott A, Kopf GS, Schultz RM, Ducibella T.
Spontaneous activation of ovulated mouse eggs: time-
dependent effects on M-phase exit, cortical granule
exocytosis, maternal messenger ribonucleic acid
recruitment, and inositol 1,4,5-trisphosphate sensitivity.
Biol Reprod 1997; 57: 743-50.

Significance of oxidative stress in human reproduction



S 42 Arch Med Sci 1A, March / 2009

176. Van Blerkom J. Intrafollicular influences on human oocyte
developmental competence: perifollicular vascularity,
oocyte metabolism and mitochondrial function. Hum
Reprod 2000; 15 Suppl 2: 173-88.

177. Zhang X, Wu XQ, Lu S, Guo YL, Ma X. Deficit of
mitochondria-derived ATP during oxidative stress impairs
mouse MII oocyte spindles. Cell Res 2006; 16: 841-50.

178. Tarín JJ, Brines J, Cano A. Antioxidants may protect
against infertility. Hum Reprod 1998; 13: 1415-6.

179. Tarín JJ, Pérez-Albalá S, Cano A. Oral antioxidants counteract
the negative effects of female aging on oocyte quantity and
quality in the mouse. Mol Reprod Dev 2002; 61: 385-97.

180. Murray AA, Molinek MD, Baker SJ, et al. Role of ascorbic
acid in promoting follicle integrity and survival in intact
mouse ovarian follicles in vitro. Reproduction 2001; 121:
89-96.

181. Tilly JL, Tilly KI. Inhibitors of oxidative stress mimic the
ability of follicle-stimulating hormone to suppress
apoptosis in cultured rat ovarian follicles. Endocrinology
1995; 136: 242-52.

182. Goud AP, Goud PT, Diamond MP, Abu-Soud HM. Nitric oxide
delays oocyte aging. Biochemistry 2005; 44: 11361-8.

183. Safronova VG, Matveeva NK, Avkhacheva NV,
Sidel'nikova VM, Van'ko LV, Sukhikh GT. Changes in
regulation of oxidase activity of peripheral blood
granulocytes in women with habitual abortions. Bull Exp
Biol Med 2003; 136: 257-60.
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