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Abstract

In a healthy body, ROS (reactive oxygen species) and antioxidants remain in balance. When the balance is
disrupted towards an overabundance of ROS, oxidative stress (OS) occurs.(OS influences the entire reproductive
lifespan of a woman and even thereafter (i.e. menopause). OS results from an imbalance between prooxidants
(free radical species) and the body's scavenging ability (antioxidants). ROS are a double-edged sword — they serve
as key signal molecules in physiological processes but also have a role in pathological processes involving the
female reproductive tract. ROS affect multiple physiological processes from oocyte maturation to fertilization,
embryo development and pregnancy.

It plays a role during pregnancy and normal parturition and in initiation of preterm labor. Most ovarian cancers
appear in the surface epithelium, and repetitive ovulation has been thought to be a causative factor. Ovulation-
induced oxidative base damage and damage to DNA of the ovarian epithelium can be prevented by antioxidants.
There is growing literature on theeffects of OS in female reproduction with involvement in the pathophsiology
of preeclampsia, hydatidiform mole, free radical-induced birth defects and other situations such as abortions.
Numerous studies have shown that/OS plays a role in the pathoysiology of infertility and assisted fertility. There
is some evidence of its role in endometriosis, tubal and peritoneal factor infertility and unexplained infertility. This
article reviews the role OS plays in normal cycling ovaries, follicular development and cyclical endometrial
changes. It also discusses OS-related female infertility and how it influences the outcomes of assisted reproductive
techniques. The review comprehensively explores the literature for evidence of the role of oxidative stress in
conditions such as abortions, preeclampsia, hydatidiform mole, fetal embryopathies, preterm labour and
preeclampsia and gestational diabetes. The review also addresses the growing literature on the role of nitric oxide
species in female reproduction. The involvement of nitric oxide species in regulation of endometrial and ovarian
function, etiopathogenesis of endometriosis, and maintenance of uterine quiescence, initiation of labour and
ripening of cervix at parturition is discussed. (COMplEXINterplayibetweenicytoKinesiandioxidativerstressunicne
(etiology of female reproductive disorders is discussed. Oxidant status of the cell modulates angiogenesis, which
is critical for follicular growth, corpus luteum formation endometrial differentiation and embryonic growth is also
highlighted in the review. Strategies to overcome oxidative stress and enhance fertility, both natural and assisted
are delineated. Early interventions being investigated for prevention of preeclampsia are enumerated. Trials
investigating combination intervention strategy of vitamin E and vitamin C supplementation in preventing
preeclampsia are highlighted. Antioxidants are powerful and there are few trials investigating antioxidant
supplementation in female reproduction. However, before clinicians recommend antioxidants, randomized
controlled trials with sufficient power are necessary to prove the efficacy of antioxidant supplementation in
disorders of female reproduction. Serial measurement of oxidative stress biomarkers in longitudinal studies may
help delineate the etiology of some of the diosorders in female reproduction such as preeclampsia.
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Review
I. Oxidative Stress

I.1 Free radicals

Free radical species are unstable and highly reactive. They

(damage and disease [1-4], figure 1) . There are

{types of free radical species: reactive oxygen species (ROS)
and reactive nitrogen species (NOS).

.2 Reactive oxygen species
he

{tron transport chain [5]. The dismutation of superoxide

results in the formation of hydrogen peroxide. The

hydroxyl ion is highly reactive and ¢an modify purines
and pyrimidines and cause strand breaks resulting in DNA

(damage [6]. Some oxidase enzymes can directly generate
the hydrogen peroxide radical.

7-
10]. They have a physiological and pathological role in
the female reproductive tract. Numerous animal and
human studies have demonstrated the

[11,12,18]. ROS-related female fertility disorders may
have common etiopathogenic mechanisms.

1.3 Reactive nitrogen species
Nitric oxide (NO) is synthesized during the enzymatic
conversion of L-arginine to L-citrulline by nitric oxide syn-
thase (NOS) [19-21].

O donors, acting as vasodilating agents,
are therefore a possible therapeutic approach [22]. NO
acts in a variety of tissues to regulate a diverse range of
physiological processes, but excess of NO can be toxic
[1,20,21,23].

(atherosclerosis [24-27]. The two common examples of

http://www.rbej.com/content/3/1/28

reactive nitrogen species aré nitric oxide (NO) and nitro-
gen dioxide [1,3]. NO is produced by the enzyme NO syn-

NO synthase 2).
Neuronal NO synthase (nNOS) and endothelial NO syn-
thase (eNOS) are constitutive NO synthases, and respon-
sible for the continuous basal release of NO. Inducible
NO synthase (iNOS) is present in mononuclear phago-
cytes (monocytes and macrophages) and produces a large
amount of NO(This is expressed in response to proin-
flammatory  cytokines and  lipopolysaccharides
[21,23,28]. Inducible NO synthase is activated by
cytokines such as, interleukin-1, and TNF-o and lipopoly-
saccharides.

n pathological conditions,
inducible NO synthase might play a major role in NO
production.

[29].

1.4 Antioxidants

1.5 Enzymatic antioxidants

re also known asnatural antioxi-
(dants, they neutralize excessive ROS and prevent it from
damaging the cellular structure.

which also
causes reduction of hydrogen peroxide to water and
alcohol.

1.6 Non-enzymatic antioxidants

Non-enzymatic antioxidants are also

antioxidants or dietary supplements. The body's complex
dietary intake of anti-

antioxidant system is influenced by

E, selenium, zinc, taurine, hypotaurine, glutathione, beta
carotene, and carotene [1-3,30]. Vitamin C is a chain
breaking antioxidant that stops the propagation of the

itamin C also helps recycle oxi-

dized vitamin E and glutathione [31]. Taurine, hypotau-

[17]. Glutathione is present in the oocyte and tubal fluid
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Mechanisms of oxidative stress-induced cell damage.
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Table I: Oxidative stress biomarkers in female reproductive tract

http://www.rbej.com/content/3/1/28

Study Biomarker

Methodology Measurement units

Sugino et al [41] Enzymatic antioxidants: Cu SOD,
Mn SOD, catalase, glutathione
peroxidase

Attaran et al [4] Total antioxidant capacity
Jozwik et al [15] Lipid peroxides; Malondialdehyde,
conjugated dienes, Thiobarbituric
acid reactive substances.

Seino et al [52]. Oxidative DNA adducts

Reverse transcription-polymerase
chain reaction

cDNA sequences

Enhanced chemiluminescence
assay
Thiobarbituric acid method

Trolox equivalents

Micromole of malondialdehyde/L

8-hydroxy 2-deoxyguanosine Immunocytochemical staining

1.7. Oxidative stress in female reproduction

Cells have developed a wide range of antioxidants systems
to limit production of ROS, inactivate them and repair cell
damage [1-3,33]. OS influences the entire reproductive
span of women's life and even thereafter (i.e. meno-
pause). It has been suggested that the age-related decline
in fertility is modulated by OS [34]./It plays a role during
pregnancy [35] and normal parturition [36,37] and in ini-
tiation of preterm labor [38,39].{The pathological effects
are exerted by various mechanisms including lipid dam-
age, inhibition of protein synthesis, and depletion of ATP
[40]. There is some understanding of how ROS affect a
variety of physiologic functions (i.e. oocyte maturation,
ovarian steroidogenesis, ovulation, implantation, forma-
tion of blastocyst, luteolysis and luteal maintenance in
pregnancy) [14,15,18,19,41].

ROS are a double-edged sword - they serve as key signal
molecules in physiological processes but also have a role
in pathological processes involving the female reproduc-
tive tract. Since the balance is maintained by the presence
of adequate amounts of antioxidants, measuring levels of
the antioxidants, individually or as total antioxidant
capacity (TAC), has also been examined [15,18,42,43].
Superoxide dismutase (SOD) enzymes, Copper-Zinc SOD
(Cu-Zn SOD) and Manganese superoxide dismutase
(MnSoD) have been localized in the granulose and thecal
cells of the growing follicle. Selenium dependent glutath-
ione peroxidase activity has been demonstrated in the fol-
licular fluid and serum of patients undergoing IVF. The
expression profiles of the transcripts of the antioxidant
enzymes such as superoxide dismutase, glutathione per-
oxidase and gamma-glutamylcysteine synthetase in both
human and mouse oviducts and oocytes have also been
examined [16]. There is growing literature on the effects of
OS in the female reproduction with involvement in the
pathophsiology of pre-eclampsia [44,45], hydatidiform
mole [46-48], free radical-induced birth defects [49] and
other situations such as abortions [50].

1.8 Measurement of oxidative stress

The presence of ROS and antioxidants in the female repro-
ductive tract has been demonstrated by various methodol-
ogies in animal and human studies. A number of OS
biomarkers have been investigated including superoxide
dismutase, glutathione peroxidase, conjugated dienes,
lipid peroxides, thiobarbituric acid reactive substances,
glutaredoxin, oxidative DNA adducts, follicular fluid, NO
and TAC [12,15,16,19,29,42,51-58] (Table 1).

Metabolites of NO (nitrite and nitrate) in peritoneal fluid
are determined by nitrate reductase and the Griess reac-
tion [20,23]. Total NO (nitrite and nitrate) levels in the
serum and follicular fluid assay of NO are measured via a
rapid-response chemiluminescence analyzer [29]. Various
biomarkers of oxidative stress have been determined in
the placenta by immunohistochemistry or western blot
analysis (Table 2). Oxidative DNA adducts 8-hydroxy 2-
deoxyguanosine-have been studied by immunostaining
in placenta [45], in patients with ITUGR (intrauterine
growth retardation) and patients with preeclampsia and
IUGR [45]. The basal levels of ROS in the leukocytes in
whole blood can be determined using the dihydroethid-
ium and dichlorodihydrofluorescein-diacetate probes
(Table 2).

2. Oxidative Stress & Female Infertility

Infertility is a disease defined as "the inability to conceive
following 12 or more months of unprotected sex before
an investigation is undertaken unless the medical history
and physical findings dictate earlier evaluation and and

treatment |67]. The prevalence of female infertiliy ranges
from 7% 0 28%, depending on the age of the woman.

In

general, an estimated 84% of couples conceive after 1 year

§earsi 68 MAlthough the frequency and origin of different
forms of infertility varies,
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Table 2: Measurement of biomarkers of oxidative stress in pregnancy

Study Biomarkers

Methodology Measurement units

Jauniaux et al [59] Immunohistochemistry

Wang et al, Djordjevic et al [60, 6]  Antioxidant enzyme activity assays

Wiktor et al [62] Oxidative DNA adducts

Holthe et al [63] Superoxide anion, hydrogen
peroxide and peroxynitrite

Ishihara et al [64] Lipid peroxidation products

Vaisanen-Tommiska et al [65] Nitric oxide; Greiss reaction

Buhimishi et al [66] Plasma and red blood cell

glutathione content

Heat shock protein 70,
hydroxynenal, nitrotyrosine
residues.

Total SOD activity, catalase
activity, glutathione peroxidase
activity, reduced glutathione assay
8-hydroxy-2 deoxyguanosine

Fluorescence intensity

Change in optical density/minutes/
mg protein

Micromoles/mole of 2-deoxy
guanosine

Dihydrethidium probe Nanomoles/10 min/ 106 cells
Dichlorodihydrofluorescein
Dihydrorhodamine 123
Spectrophotometry/flow
cytometry

Isoprostane, Urinary 8-epi-
prostaglandin F2lpha, assayed by
gas chromatography/mass
spectrophotometer analysis
Stable end products: nitrite/
nitrate

pg/mg of creatinine

Fluorometric assay, results
expressed as NOx (sum of
converted nitrite and very small
amount of nitrite in serum).

Colorimetric assay Nanomoles/mgm of haemoglobin

A primary diagnosis of male factor infertility is made in
30% of infertile couples. Combined female and male fac-
tor infertility is responsible for 20%-30% of cases.
Finally, unexplained infertility affects 15% of couples
([Z0]MIE the results of a standard infertility examination are
normal, a diagnosis of unexplained or idiopathic infertil-
ity is assigned [70].(Data from the National Survey for
Family Growth indicate that the number of women with
impaired fecundity has increased from 1982 to 1995, an
increase of 35% in the number of women. Approximately

1.3 million American couples receive medical advice or
treatment for infertility every year [71].

@i e pIATEANAERIBAI mpact of OS on ART is dis

cussed in further sections.

2.1 Pathophysiology of oxidative stress in female reproduction

Oxygen toxicity is an inherent challenge to aerobic life
[72]. ROS can modulate cellular functions, and OS can
impair the intracellular milieu resulting in diseased cells
or endangered cell survival. The role of ROS in various dis-
eases of the female reproductive tract has been investi-
gated. ROS can affect a variety of physiological functions
in the reproductive tract, and excessive levels can result in
precipitous pathologies affecting female reproduction.
The oxidant status can influence early embryo develop-
ment by modifying the key transcription factors and
hence modifying gene expression |73 ]. Concentrations of

ROS may also play a major role both in the implantation
and fertilization of eggs [72]. There is an increased interest
to examine the role of OS in female reproduction because
it may be a major link in the infertility puzzle as well as in
some reproductive organ diseases such as endometriosis.
Recently, OS has been reported to have an important role
in the normal functioning of the female reproductive sys-
tem and in the pathogenesis of female infertility [33,74].

2.2 Cytokines, oxidative stress and female reproduction

The control of ovarian stromal cells and germ cell func-
tion is a diverse paradigm and oxidative stress may be one
of the modulators of ovarian germ cell and stromal cell
physiology. A number of autocrine and paracrine factors
affect the modulation of various ovarian functions and
steroidogenesis. (Cytokines are polypeptides or glycopro-
teins secreted into the extra cellular compartment by the
leukocytes [75]. Mammalian ovulation or follicular rup-
ture was proposed to result from the vascular changes and
the proteolytic cascade [54]. The cross talk between these
two cascades is mediated by cytokines, vascular endothe-
lial growth factor (VEGF), and ROS (both reactive nitro-
gen and oxygen radicals). Interleukin-1f causes nitrite to
accumulate in rat ovarian dispersates, demonstrating the
close interaction between cytokines and NOS [76]. (OS
and cytokines are proposed to be interlinked and act as
intercellular and intracellular messengers in the ovary. A
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number of investigators have investigated the synthesis of
NOS and ROS in the ovaries [21,55,58].

Defective placentation leads to placental hypoxia and
reperfusion injury due to ischemia and the resultant OS
triggers the release of cytokines and prostaglandins, which
results in endothelial cell dysfunction and plays an impor-
tant role in the development of pre-eclampsia [77,78].
TNF-o a plasma cytokine, has been demonstrated to cause
the endothelial cell injury [79]. A link between OS and
expression of cytokine receptors in the cytotrophoblast,
vascular smooth muscle cells and endometrial cells has
also been proposed, further(establishing that hyperactiva-
tion of ROS may result in pre-eclampsia [80].

The activation of mononuclear phagocytes can be trig-
gered in endometriosis by a number of factors including
damaged red blood cells and the apoptotic endometrial
cells. A positive correlation between concentrations of
tumor necrosis factor (TNF)-o. in the peritoneal fluid and
endometriosis has been reported [75]. Cytokines released
by the macrophages influence the redox status of the
ectopic endometrium in patients with endometriosis [81].
Superoxide dismutase, glutathione peroxidase activity
and lipid peroxidation levels were measured in ectopic
endometrial tissue obtained from ovarian endometrio-
mas. Superoxide dismutase activity was found to be signif-
icantly higher in the ectopic endometrium than in eutopic
endometrium, and a positive correlation was seen
between malondialdehyde levels and plasma 17-beta
estradiol levels. TNF-o has been shown to cause up regu-
lation of expression of Manganese (Mn) superoxide dis-
mutase in the endometrium in vitro [82]. The antioxidant
MnSOD neutralizes superoxide anions generated by
cytokine TNF-o. This is a self protective mechanism
against TNF-o induced oxidative stress. Estrogen and pro-
gesterone withdrawal leads to stimulation of prostaglan-
din F2o production via ROS-induced NFkappa J3
activation [83]. The mechanism of menstruation is
unclear, and activation of the transcription factor NFka-
ppa B may be a piece in the puzzle.

Ovarian epithelial cancer is the most common type of
ovarian cancer. Ovarian epithelial inflammation has been
suggested as an etiological factor in ovarian epithelial can-
cer [11,84]. The mechanisms that bring about follicular
rupture result in the exposure of the ovarian surface epi-
thelial cells to deleterious agents (e.g. free radicals and
TNF-0) [85,86]. Thus, incessant ovulation and its com-
plex articulation by OS, inflammation and cytokines
repeated cyclically may be involved in the etiopathogene-
sis of ovarian cancer [86]. Factors that inhibit ovulation
such as oral contraceptives reduce the risk of epithelial
ovarian cancer [87,88]. Recent studies point towards a

http://www.rbej.com/content/3/1/28

role of genes active in the process of metabolism of oxida-
tion products, in the etiology of ovarian cancer [89].

2.3 Reactive oxygen species and mediators of angiogenesis
Angiogenesis is a pathophysiological process involving
formation of blood vessels from preexisting vessels. The
induction of angiogenesis occurs when there is a defi-
ciency of oxygen in tissues. This process of neovasculariza-
tion results from hypoxia and induction of various
angiogenic factors, and it has a role to play in physiologi-
cal processes such as follicular development, endometrial
growth, embryo development, growth of placental vessels
and wound repair [90,91]. Angiogenesis is important for
cyclical regeneration of endometrium in the menstrual
cycle. A complex cytokine influence at the maternal-fetal
interface creates the conditions that are necessary to sup-
port embryo implantation in the endometrium [92,93].
Any imbalance between the cytokines and angiogenesis
factors could result in implantation failure and pregnancy
loss [94]. Critical changes occur in the vascular system,
and these changes accompany follicular growth. Follicular
growth, selection of dominant follicle, corpus luteum for-
mation, endometrial differentiation and embryo forma-
tion are key processes dependent on neovascularization
[90,95]. As the endometrium grows in the menstrual
cycle, vessel regeneration occurs (i.e. spiral arterioles and
capillaries) [96]. Estrogens promote angiogenesis in the
endometrium by controlling the expression of factors
such as VEGF [97]. ROS generated from NADP (H) oxi-
dase is critical for VEGF signaling in vitro and angiogen-
esis in vivo [98]. Small amounts of ROS are produced
from endothelial NADP (H) oxidase activated by growth
factors and cytokines.

ROS that are generated in and around the vascular
endothelium may play a role in normal cellular signaling
mechanisms. They may also be an important causative
factors in endothelial dysfunction that leads to the devel-
opment of atherosclerosis, diabetes complications and
ischemia perfusion injury [98,99]. The molecular mecha-
nism by which the oxidant status of cells modulates ang-
iogenesis is (not (completely understood: As our
understanding the role ROS-induced angiogenesis plays
in atherosclerosis and myocardial angiogenesis grows,
future studies should investigate the role ROS plays in the
angiogenesis in the female reproductive tract.

2.4 Reactive oxygen species and the endometrium

There is a cyclical variation in the expression of superoxide
dismutase (SOD) in the endometrium. [SOD activity
decreases in the late secretory phase while ROS levels
increase [100]. These changes have been hypothesized to
be important in the genesis of menstruation and endome-
trial shedding. The levels of prostaglandin F2 o increase
towards the late secretory phase and ROS triggers the
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release of prostaglandin F2 « in vitro [101]. Stimulation
of the cyclooxygenase enzyme is brought about by ROS
via activation of the transcription factor NFKappa f3, sug-
gesting a mechanism for menstruation [83].

2.5 ROS and endometriosis

Increased generation of ROS by activated peritoneal mac-
rophages has been reported in the peritoneal fluid [102].
Conflicting results were reported in further studies with
large patient numbers, which failed to demonstrate an
antioxidant or oxidant balance [74,103]. ROS levels in
peritoneal fluid of patients with endometriosis were not
significantly higher than controls.

An increased titer of autoantibodies related to OS has
been reported in women with endometriosis resulting in
an increase in serum autoantibody titers to oxidatively
modified low density lipoproteins [104]. An OS-induced
increase in autoantibody titers in the peritoneal fluid has
been demonstrated in women with endometriosis. Ele-
vated levels of the marker of lipid peroxidation lyso-
phophatidyl choline, a potent chemotactic factor for
monocytes/T-lymphocytes, were seen in the peritoneal
fluid of women with endometriosis [105]. Non-terminal
oxidation may have a role in the pathophysiology of
endometriosis. Minimally oxidized low density lipopro-
tein (LDL) (M-LDL) is present in peritoneal fluid of
women with endometriosis in place of the terminally oxi-
dized LDL (Ox-LDL) [106]. The ratio of lysophosphatidyl
choline, a breakdown product of Ox-LDL, to phosphati-
dyl choline suggests M-LDL rather than Ox-LDL. Modest
levels of OS induced proliferation of endometrial stromal
cells in vitro, was inhibited by antioxidants [107]. RU486,
a potent antiprogestational agent with antioxidant activity
also decreased proliferation of epithelial and stromal cells
[108].

2.6 Reactive oxygen species and the ovary

Markers of oxidative stress such as superoxide dismutase,
Cu-Zn superoxide dismutase, Mn superoxide dismutase,
glutathione peroxidase, y glutamyl synthetase and lipid
peroxides have been investigated by immunohistochemi-
cal localization, m-RNA expression and thiobarbituric
acid method [4,14,41]. The expression of various biomar-
kers of OS has been demonstrated in normal cycling
human ovaries [13,14]. All follicular stages have been
examined for SOD expression including primordial, pri-
mary, preantral and nondominant antral follicles in follic-
ular phase, dominant follicles and atretic follicles [14].
ROS may have a regulatory role in oocyte maturation, fol-
liculogenesis, ovarian steroidogenesis and luteolysis.
There is a delicate balance between ROS and antioxidant
enzymes in the ovarian tissues. The antioxidant enzymes
neutralize ROS production and protect the oocyte and
embryo.

http://www.rbej.com/content/3/1/28

The presence of superoxide dismutase in the ovary,
revealed intense staining by immunohistochemistry in
the theca interna cells in the antral follicles [13]. 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 transcrip-
tion of the steroidogenic P450 enzyme. Thus, it controls
steroidogenesis in the ovaries. The correlation between
Ad4BP and superoxide dismutase expression suggests an
association between OS and ovarian steroidogeneis [14].

Both human granulosa and luteal cells respond to hydro-
gen peroxide with an extirpation of gonadotropin action
and inhibition of progesterone secretion [11]. The pro-
duction of both progesterone and estradiol hormones is
reduced when hydrogen peroxide is added to a culture of
human chorionic gonadotropin-stimulated luteal cells.
Hydrogen peroxide lowers both cAMP dependent and
non-cAMP dependent steroidogenesis [109]. The role of
hCG (human chorionic gonadotropin) in the expression
of the antioxidant enzyme superoxide dismutase (SOD)
has been investigated. Corpora lutea collected from
patients at hysterectomy and surgery for ectopic preg-
nancy were studied [14]. The Cu-Zn SOD expression in
the corpora lutea paralleled levels of progesterone and
these levels rose from early to mid luteal phase and
decreased during the regression of the corpus luteum.
However, in the corpus luteum from pregnant patients,
the mRNA expression for Cu-Zn superoxide dismutase
was significantly higher than that in midcycle corpora
lutea. This enhanced expression of luteal Cu-Zn SOD may
be due to hCG and hCG may have an important role in
maintenance of corpus luteal function in pregnancy.

Levels of three oxidative stress biomarkers, conjugated
dienes, lipid hydroperoxide and thiobarabituric acid were
determined in preovulatory follicles. Concentration gradi-
ent was found to exist as levels of all three markers were
significantly lower in the follicular fluid compared with
serum levels [15]. The preovulatory follicle has a potent
antioxidant defense, which is depleted by the intense per-
oxidation [15]. (Glutathione peroxidase may also main-
tain low levels of hydroperoxides inside the follicle and
thus play an important role in gametogenesis and fertili-
zation [42].

2.7 Nitric Oxide synthase in female reproduction

The production of a viable oocyte is modulated by a com-
plex interaction of endocrine, paracrine and autocrine fac-
tors leading to follicular maturation, granulosa cell
maturation, ovulation and luteinization. Many hormonal
and paracrine factors determine oocyte competence and
embryo quality. Steroid hormones and local autocrine
and paracrine factors influence ovarian stromal cells. The
gonadotropins act through complex, multiple local
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signaling pathways. Cyclic AMP is thought to be the sec-
ond messenger to bring about the effect of luteinizing hor-
mone and follicular stimulating hormone [110]. In turn,
cyclic AMP may activate other signaling pathways. Cyclic
guanosine monophosphate (cGMP)-a cyclic nucleotide
has also been proposed as a second messenger pathway.
The effects of NO are proposed to be mediated through
cGMP as a second messenger or by generation of ROS
resulting from interaction of NO with superoxide radicals
[111].

NO generated by macrophages in response to invading
microbes acts as an antimicrobial agent [21]. Neurons,
blood vessels and cells of the immune system are integral
parts of the reproductive organs, and in view of the impor-
tant functional role that NO plays in those systems; it is
highly likely that NO is an important regulator of the biol-
ogy and physiology of the reproductive system. NO has
established itself as a polyvalent molecule that plays a
decisive role in regulating multiple functions within the
female as well as male reproductive system [21]./As a final
immune effector, NO generated by inducible NO syn-
thase, kills pathogens and abnormal cells but may play a
detrimental role by damaging normal host tissue and
cells, especially when inducible NO synthase is persist-
ently expressed [20].

2.8 Nitric oxide synthase and fallopian tubes

The presence of NO synthase enzymes, both the constitu-
tive and the inducible forms was delineated by
immunhistochemistry and the presence of NADPH-dia-
phorase activity in human tubal cells [112,113]. The pro-
duction of NO was demonstrated by positive NADPH
diaphorase activity in the human fallopian tube. An
endogenous NO system exists in the fallopian tubes
[114]. 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 infer-
tility. Infertility associated with urogenital tract infections
is associated with diminished sperm motility and viabil-
ity. Increased NO levels in the fallopian tubes are
cytotoxic to the invading microbes and also may be toxic
to spermatozoa [114].

2.9 Nitric oxide synthase, endometrium, and myometrium
Expression of endothelial and inducible NO synthase
have been demonstrated in the human endometrium
[115], and the endometrial vessels [116]. Endothelial NO
synthase, originally identified in vascular endothelial
cells, is distributed in glandular surface epithelial cells in
the human endometrium.NO also regulates the microv-
asculature of théendometrium and is important in
menstruation.

http://www.rbej.com/content/3/1/28

Endothelial NOS like immunoreactivity has been
reported in the endothelial cells lining the vessels,
endometrium and endometrial glandular epithelial cells
and myometrium [117]. Inducible NOS like immunore-
activity was detected in decidualised stromal cells and also
expressed in tissues from first trimester of pregnancy.
Thus, NO has a role to play in decidualisation of the
endometrium and preparation of the endometrium for
implantation.

Highest levels of expression of endothelial NOS mRNA
have been reported in the late secretory phase of the
endometrium [115]. In addition, NO might participate in
the regulation of uterine contraction [118]. In normal fer-
tile woman, the contractions increase throughout the pro-
liferative and periovulatory phases, and decrease in the
secretory phase. From this point, NO is synergistic with
progesterone and might relax uterine contraction in the
secretory phase in a paracrine fashion. Nitric oxide regu-
lates the endometrial, myometrial and microvascular
functions in the uterus by paracrine functions. The effects
of the antiprogestational agent, Mifepristone on the
endothelial NOS expression in the endometrium were
investigated during the implantation phase [119]. Mife-
pristone inhibited the endometrial glandular epithelial
eNOS expression and did not affect the endothelilal
eNOS. The results supported the role of epithelial eNOS
in endometrial receptivity in the perimplantation period.
Significant increase in the levels of serum metabolites of
NOS amongst users of progestin only contraceptives has
been reported [120]. A positive correlation was also dem-
onstrated between NO levels and prolonged/heavy bleed-
ing. Thus NO may be involved in the pathophysiology of
menorrhagia.

Expression of inducible NOS 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 in labor patients or
term labor patients [121] reiterating that NO has a role in
maintenance of uterine quiescence. However other
authors have reported conflicting results. Induction of
iNOS expression was demonstrated in fetal membranes in
labour and in in-vitro studies [122]. Higher NO
metabolite concentrations were demonstrated in amni-
otic fluid collected from women in labor than in non-
laboring patients, both at term (15.4 + 1.6 vs. 6.8 + 0.6
microM/mg creatinine) and preterm (16.7 + 2.0 vs. 7.0
0.8 microM/mg creatinine) [123].

2.10 Nitric oxide synthase and endometriosis

Endometriosis is found in about 35% of infertile women
who have laparoscopy as part of their infertility workup
[71]. Production of ROS by peritoneal fluid mononuclear
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cells was reported to be associated with endometriosis
[75]. Low levels of NO are important in ovarian function
and implantation and cause relaxation of oviduct muscu-
lature [112]. High levels of NO are reported as having del-
eterious effects on sperm motility, toxic to embryos and
inhibit implantation [124,125]. In vitro fertilization, a
process that avoids contact of gametes and embryos with
potentially toxic peritoneal and oviductal factors associ-
ated with endometriosis (e.g., NOS, ROS) improves the
chances of conception in these women.NO is a free radi-
cal with deleterious effects and is an important bioregula-
tor of apoptosis [126]. Activation of polymorphonuclear
leucocytes and macrophages leads to increased produc-
tion of ROS [102]. Increase in number and activity of mac-
rophages is accompanied by release of more cytokines
and other immune mediators, such as NO. This was ini-
tially implicated in low-grade inflammation, while ele-
vated peritoneal NO is consistent with the increased
number and activity of macrophages [20], High levels of
NO, such as those produced by macrophages, can nega-
tively influence fertility in several ways. Changes in perito-
neal fluid, an environment that hosts the process of
ovulation, gamete transportation, sperm oocyte interac-
tion, fertilization, and early embryonic development,
might affect all these steps of reproduction [2,20,127].
Studies investigating the association of nitric oxide levels
and lipid peroxides and reactive oxygen species in perito-
neal fluid did not find any significant difference in
patients with or without endometriosis [103,128,129]
Conflicting results were obtained in studies conducted by
Szczepanska et al [2]. The total antioxidant capacity
reduced and the individual antioxidant enzymes like
superoxide dismutase were significantly lower in the peri-
toneal fluid of women with endometriosis-associated
infertility. The lipid peroxide levels were the highest
amongst patients with endometriosis suggesting role of
ROS in the development of the disease process [2]. There
is a cyclical expression of mRNA of NOS in the epithelial
glands of the human endometrium. (Higher amounts of
NO and NOS are seen in the endometrium of women
with endometriosis [28,130,131]. NOS expression in the
ectopic endometrium of patients with adenomyosis is
continuous throughout the menstrual cycle [132].

Peritoneal fluid NO levels, peritoneal macrophage NOS
activity, and peritoneal macrophage inducible NOS pro-
tein expression has been examined in women with
endometriosis-associated infertility. Peritoneal macro-
phages express higher levels of NOS, have higher NOS
enzyme activity, and produce more NO in response to
immune stimulation in vitro [23]. (High levels of NO
adversely affect sperm, embryos, implantation, and ovi-
ductal function, indicating that reduction in the perito-
neal fluid NO production or blocking NO effects may
improve fertility in women with endometriosis [23].

http://www.rbej.com/content/3/1/28

However, generation of peroxynitrite by ectopic
endometrium has been reported in patients with adenom-
yosis. Expressions of endothelial and inducible NO syn-
thase and peroxynitrite generation was markedly reduced
after GnRH agonist therapy, supporting their potential
role in the pathophysiology of adenomyosis [132]. Serum
NO levels are suppressed by GnRH agonist and upregu-
lated by gonadotropin stimulation during controlled
ovarian stimulation in female partners from couples with
male factor infertility [133]. Maximal levels were meas-
ured at the time of ovulation in the same study. Elevated
NO production was not demonstrated in patients with
ovarian hyperstimulation.

Increased levels of NO were demonstrated in the perito-
neal fluid of patients with endometriosis [20,23]. It has
also been hypothesized that ROS may have a role in for-
mation of adhesions associated with endometriosis [134].
Patients with endometriosis show a higher 8-hydroxy 1-
deoxyguanosine index compared to patients with other
causes of infertility, such as tubal, male factor or idio-
pathic causes [52].

Expression of NOS is elevated in patients with endometri-
osis, and a common polymorphism of exon 7 at nucle-
otide 894 in the endothelial NOS gene may be associated
with endometriosis [135]. Hence variations in the expres-
sion of the eNOS gene may be involved in endometrial
angiogenesis and thus modulate the process of
endometriosis.

Expression of endothelial NO synthase in the
endometrium of patients with endometriosis or adenom-
yosis is persistently marked throughout the menstrual
cycle [132]. Many investigators have reported increased
expression of endothelial NOS in the glandular
endometrium in patients with endometriosis [28,130].
Inducible NOS isoform is elevated in tissues of patients
with endometriosis [131]. The endometrial development
affects embryo implantation, and inconsistent develop-
ment between endometrium and embryo could impede
embryo implantation. Nitric oxide affects fecundity in
endometriosis and adenomyosis [136]. Significant differ-
ences are seen in the uterine hyperperistalsis and
dysperistalsis in patients with endometriosis compared
with the control groups, and this may be responsible for
disturbed sperm transport and reduced fertility [137].

Various cytokines secreted from endometrial cells,
immune cells, or macrophages stimulate endothelial NO
synthase to release NO [3,28,136]. These abnormal
immune responses might eventually stimulate macro-
phages and/or endometrial cells to persistently produce a
large amount of NO and inhibit implantation [138].
Increased expression of endothelial NO synthase has been
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reported throughout the menstrual cycle in the
endometrium of women with endometriosis [139].

2.11 Nitric oxide synthase and the ovary

Ovarian follicullogenesis not only involves gonadotro-
pins and the steroids, but it also involves local autocrine
and paracrine factors. Nitric oxide radical is one of the
local factors involved in ovarian follicullogeneis and ster-
oidogenesis. Nitric oxide acts through activation of vari-
ous iron containing enzymes. It binds to the heme
containing enzyme guanylate cyclase, which activates the
cyclic nucleotide cyclic-GMP [110]. Plasma concentra-
tions of nitrate monitored during the follicular cycle, have
revealed peak levels at ovulation [133,140]. Nitric oxide
inhibits ovarian steroidogenesis [52]. The presence of
endothelial NO synthase in human corpora lutea and the
expression has been reported in the mid and early luteal
phase and to a lesser extent in the late luteal [53]. Nitric
oxide inhibits steroidogenesis in the corpus luteum and
has luteolytic action mediated through increased prostag-
landins and by apoptosis [53,141].

Follicular fluid NO seems to be produced by either
endothelial NO synthase or induced NO synthase. How-
ever, in the normal physiological conditions follicular
fluid NO seems to be synthesized from granulosa cells by
endothelial NO synthase, since in isolated human follicu-
lar cells at least 90% of cells are granulosa cells even
though macrophages and lymphocytes are present as well.
In patients undergoing IVF, a positive correlation was
determined between follicular fluid nitrate/nitrite levels
and the follicular volume as well as the serum estradiol
concentration [142]. In contrast to these findings, Manau
et al, found no association between follicular fluid nitrite/
nitrate levels and parameters of ovarian response [143].
Biomarkers like serum nitric oxide measurements cannot
be used as predicting success with IVF [143,144]. Serum
nitrate concentration may not be a good biomarker
because of the short half-life of NO. Follicular blood flow
was found to be a better prognostic factor for predicting
successful outcomes with IVF than follicular NO levels
[138]. Follicular fluid NO levels were altered in patients
with infertility associated diseases. NO follicular fluid lev-
els were significantly higher in patients with endometrio-
sis or hydrosalpinx compared to patients with tubal
obstruction [29]. No correlation was reported between
the follicular NO levels and follicle maturity or follicle
quality.

Some studies have demonstrated the relationship
between NO concentrations in follicular growth and pro-
grammed follicular cell death (apoptosis). Folliculogene-
sis involves the participation of both growth of the follicle
and apoptosis. Nitric oxide regulates both of these proc-
esses [21]. Sugino et al studied the role of nitric oxide in
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follicular atresia and apoptosis, in patients undergoing
IVF and found that the smaller follicles had significantly
elevated percentage of apoptotic granulosa cells with
nuclear fragmentation [58]. Low concentrations of NO
may prevent apoptosis, however pathologically high con-
centrations of NO, as well as increased superoxide gener-
ation by NO synthase due to lack of arginine, may
promote cell death by peroxynitrite generation [21]. Nitric
oxide involvement in various ovarian functions has been
suggested. The presence of NO in the follicular fluid and
the expression of NO synthase in follicles and corpus
luteum have been reported [19,141,143,145].

Plasma concentration of NO was shown to increase in the
follicular phase compared with the secretory phase and
peaked at midcycle [140]. Nitric oxide elicited a positive
effect on women with poor ovarian response compared to
controlled ovarian stimulation [146]. Upregulated NO is
harmful to implantation and pregnancy among patients
with tubal factor infertility after controlled ovarian stimu-
lation [147]. Serum NO levels were elevated amongst
nonpregnant patients with tubal or peritoneal factor infer-
tility [124].

Follicular fluid NO level is not associated with maturity or
quality of oocyte and no significant differences were seen
in concentrations of NO of follicular fluid among large,
medium, or small follicle size. Higher TNF-a. concentra-
tions in follicular fluid correlated with poor oocyte quality
[29]. Whereas, follicular fluid nitrite or nitrate levels were
significantly lower in follicles containing mature oocytes
that fertilized compared with those that did not [148].
Follicular NO has been reported to correlate negatively
with embryo quality and the rate of embryo cleavage
[124,147,148]. The beneficial effects of NO donors in
patients with intrauterine growth retardation (IUGR) and
inhibition of pre-term labor has been studied [149,150].
Using a nitroglycerine (NTG) patch, which is a NO donor,
did not significantly affect the final outcome in patients
undergoing in-vitro fertilization. In addition, neither pla-
cebo nor the nitroglycerine patch improved the flow
resistance in the uterine artery [22]. NO donors and ele-
vated serum NO was associated with implantation failure
resulting in decreased fertility [138].

3. Assisted reproduction

Assisted reproductive technique (ART) involves the direct
manipulation of the human oocytes, sperm or embryos
outside the body, to establish a pregnancy. A variety of
causative factors of infertility can be indications for ART,
i.e. tubal factor, endometriosis, male factor and unex-
plained infertility [151,152]. Assisted reproductive tech-
niques offer excellent opportunities to infertile couples for
achieving pregnancy. There may be multiple sources of
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ROS in an IVF setting including the oocytes, cumulus cell
mass, or spermatozoa used for insemination [153].

3.1 Oxidative stress and its impact on ART

The follicular fluid microenvironment has a crucial role in
determining the quality of the oocyte. This in turn impacts
the fertilization rate and the embryo quality. Oxidative
stress markers have been localized in the follicular fluid in
patients undergoing IVF/embryo transfer (ET)
[4,51,154,155]. Low intrafollicular oxygenation has been
associated with decreased oocyte developmental potential
as reflected by increasing frequency of oocyte cytoplasmic
defects, impaired cleavage and abnormal chromosomal
segregation in oocytes from poorly vascularised follicles
[156]. ROS may be responsible for causing increased
embryo fragmentation, resulting from increasing apopto-
sis [157]. Thus increasing ROS levels are not conducive to
embryo growth and result in impaired development. Cur-
rent studies are focusing on the ability of growth factors to
protect in vitro cultured embryos from the detrimental
effects of ROS such as apoptosis. These growth factors are
normally found in the fallopian tubes and endometrium.
The factors being investigated are: Insulin growth factor
(IGF)-1, and Epidermal growth factor (EGF) in mouse
embryos, which in many respects are similar to human
embryos [158].

Exogenous gonadotropin has a stimulatory effect on the
follicular content of iron, which is a potent oxidant, catal-
yses generation of free radicals in Haber-Weiss reaction.
Iron overload in thalassemia acts as a redox-active center
and there is resultant increase in the production of free
radicals [159]. Increase in free radicals was reported in fol-
licular fluid of patients with thalassemia. The spectrum of
initial hypogonadism and later gonadal failure in tha-
lassemia, results from the injury mediated by free radicals.

Increase in TAC was seen in follicular fluid of oocytes that
later were successfully fertilized. Therefore, lower total
antioxidant capacity is predictive of decreased fertilization
potential [154]. Lower levels were associated with
increased viability of the embryos until the time of
transfer, and the fertilization potential decreased with
decreasing concentrations of total antioxidants. Similarly
mean glutathione peroxidase levels were increased, in fol-
licles yielding oocytes that were subsequently fertilized
[42]. Levels of ROS were reported to be significantly lower
in patients who did not become pregnant compared with
those who became pregnant [4]. Thus intrafollicular ROS
levels may be used as a potential marker for predicting
success with IVF. Studies determining normal TAC levels
of the follicular fluid in unstimulated cycles are lacking.

In addition levels of selenium in follicular fluid of women
with unexplained infertility were lower than those in
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women with tubal factor or male factor infertility [42].
Higher levels of superoxide dismutase activity were
present in fluid from follicles whose oocytes did not ferti-
lize compared with those that did [12]. These discrepan-
cies may be due to the fact that the studies measured
different parameters. The effects of follicular OS on oocyte
maturation, fertilization and pregnancy have also been
studied [51]. Patients who became pregnant following IVF
or ICSI had higher lipid peroxidation levels and TAC.
Both markers were unable to predict embryo quality.
Pregnancy rates and levels of lipid peroxidation and TAC
demonstrated a positive correlation.

OS in follicular fluid from women undergoing IVF was
inversely correlated with the women's age [160]. Using a
thermochemiluminescence assay, the slope was found to
positively correlate with maximal serum estradiol levels,
number of mature oocytes and number of cleaved
embryos and inversely with the number of gonadotropin
ampoules used. The pregnancy rate achieved was 28% and
all pregnancies occurred when the thermochemilumines-
cence amplitude was small. This is in agreement with
another study that reported minimal levels of OS were
necessary for achieving pregnancy [51]. Follicular fluid
ROS and lipid peroxidation levels may be markers for suc-
cess with IVF.

Oocyte quality is a very important determining factor in
the outcome of IVF/ET. 8-hydroxy-2-deoxyguanosine is a
reliable indicator of DNA damage caused by oxidative
stress. This compound is an indicator of OS in various
other disease processes i.e. renal carcinogenesis, and dia-
betes mellitus. Higher levels of 8 hydroxy 2-deoxyguano-
sine were associated with lower fertilization rates and
poor embryo quality [52]. Higher levels of 8-hydroxy 2-
deoxyguanosine are also seen in granulosa cells of
patients with endometriosis, and this may impair the
quality of oocytes.

Other OS markers such as thiobarbituric acid-reactive sub-
stances, conjugated dienes and lipid hydroperoxides have
been studied in the preovulatory follicular fluid [15]. No
correlation was seen between these markers and IVF out-
come (fertilization rates or biochemical pregnancies)
[15]. A potent antioxidant system may be present in the
follicular fluid as indicated by low levels of all 3
biomarkers of oxidative stress in the follicular fluid. A
recent chemiluminescence study examined the follicular
fluid obtained from patients undergoing IVF. Hydrogen
peroxide was utilized for the induction of chemilumines-
cence. The study found that a delicate balance was main-
tained by pro-oxidant/antioxidants in the follicular fluid
[161].
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Smoking has been associated with prolonged and dose-
dependent adverse effects on ovarian function [162].
According to a meta-analysis, the overall value of the odds
ratio for the risk of infertility associated with smoking was
1.60 [95% confidence interval (CI) 1.34-1.91]. ARTs,
including IVF, are further shedding light on the effects
smoking has on follicular health. Intrafollicular exposure
to cotinine increases lipid peroxidation in the follicle
[155]. Carotenoids have gained attention because they are
similar to vitamin E in that they are very potent antioxi-
dants and react with ROS; the presence of carotenoids has
been demonstrated in the follicular fluid [163]. Concen-
trations of carotenoids, retinol and alpha tocopherol were
found to be significantly higher in follicular fluid than in
plasma.

Melatonin was investigated as a drug to improve oocyte
quality in patients failing to get pregnant in earlier IVF
cycles because of poor quality oocytes [164]. A significant
reduction in the number of degenerate oocytes was
reported, and the number of fertilized embryos increased.
Increased follicular concentrations of melatonin reduced
lipid peroxide concentration and may have prevented
DNA damage.

3.2 Redox and early embryo development

Physiological levels of redox may be important for embry-
ogenesis. Overproduction of ROS is detrimental for the
embryo, resulting from impaired intracellular milieu and
disturbed metabolism [17,165]. Superoxide anion,
hydrogen peroxide and hydroxyl radical, can have detri-
mental effects on the fetus. Oxidative stress can be gener-
ated by spermatozoa, leucocytes, and by events such as
sperm mediated oocyte activation and activation of the
embryonic genome [165]. The ROS generation can result
from oxidative phosphorylation occurring in the mito-
chondria. Electrons leak from the electron transport chain
at the inner mitochondrial membranes. These electrons
are transferred to the oxygen molecule, resulting in an
unpaired electron in the orbit. This leads to the generation
of the superoxide molecule. The other points of genera-
tion of ROS are the cytoplasmic NADPH-oxidase, cyto-
chrome p450 enzymes and the xanthine oxidoreductase
enzymes. Excessive OS can have deleterious effects on the
cellular milieu and can result in impaired cellular growth
in the embryo or apoptosis resulting in embryo fragmen-
tation. Thus OS mediated damage of macromolecules
plays a role in fetal embryopathies. Deficient folate levels
in the mother result in elevated homocysteine levels.
Homocysteine induced oxidative stress has been pro-
posed as a potential factor for causing apoptosis and dis-
rupting palate development and causing cleft palate
[166]. Oxidative stress mediated damage of the macro-
molecules has been proposed as a mechanism of thalido-
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mide induced embryopathy and other embryopathies
[167,168].

Hyperglycemia/diabetes induced down regulation of
cycloxygenase-2 gene expression in the embryo results in
low PGE, levels and diabetic embryopathy [169]. The pro-
tective role of the enzyme G6PD (Glucose 6-phophate
dehydrogenase) against oxidative stress has been demon-
strated in an animal study and embryopathies were pre-
vented by protecting the embryos against oxidative stress
[170].

3.3 Effect of oxygen concentration on in-vitro embryo development
Early embryo development in mammals occurs from fer-
tilization through differentiation of principal organ sys-
tems in a low oxygen environment [168]. A marginal
improvement in preimplantation embryonic viability has
been reported under low oxygen concentrations in
patients undergoing IVF and ICSI [171]. Lower concentra-
tions of oxygen in in-vitro culture of porcine embryos
decreased the H,O, content and resulted in reduced DNA
fragmentation, which thereby improved developmental
ability [172]. The higher oxygen concentration of 20%
have been associated with lower developmental compe-
tence. Accelerated development was seen under low (5%)
oxygen concentrations.

3.4 Role of ROS in IVF media

ROS may be generated endogenously or exogenously, but
either way it can affect the oocyte and embryo. IVF culture
media may be the exogenous site of ROS generation
affecting the oocytes and the preimplantation embryo.
There are some specific events in embryo development
associated with a change in the redox state. It has been
suggested that redox may have a causative role in sperm
mediated oocyte activation, embryonic genome activation
and embryonic hatching from the zona pellucida [165].
Higher day 1 ROS levels in culture media were associated
with delayed embryonic development, high fragmenta-
tion and development of morphologically abnormal blas-
tocysts after prolonged culture. A significant correlation
was reported between increased ROS levels in Dayl cul-
ture media and lower fertilization rates in patients under-
going ICSI [153]. Lower ROS levels were associated with
higher fertilization rates, indicating the physiological rel-
evance of low levels of ROS.

Incubation of poor quality embryos was associated with a
decline in TAC in the preimplantation embryo culture
medium after 24 hours incubation. Poor quality embryos
may be associated with increased generation of ROS
[173]. HEPES [(2-hydroxyethyl) piperazine-1-ethanesul-
fonic acid] was found to be the most potent protector
compared to human tubal fluid media and polyvinyl alco-
hol against DNA damage occurring in spermatozoa, as
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determined by plasmid relaxation assay which measures
the plasmid DNA damage [174]. IVF media supplemented
with human serum albumin (10 mgm/mL), glucose (2.78
Mmol), 1% polyvinyl alcohol, 5% polyvinylpyrrolidone,
sucrose (100 mM), 60% Percoll, human tubal fluid,
human tubal fluid media, catalase (1 and 10 IU), and
HEPES (21 mMol) scavenge ROS and confer protection
from DNA damage [174].

3.5 Strategies to overcome oxidative stress in infertility/ART

Considerable interest has been generated in the use of
antioxidants to overcome the adverse and pathological
results of OS. Oxidative stress leads to luteal regression,
[43] resulting in a lack of luteal support to a pregnancy
[33]. OS can damage oocytes in developing follicles,
oocytes and spermatozoa in the peritoneal cavity, or
embryo in fallopian tube [17,153] or through redox (pro-
oxidant and antioxidant) imbalance. OS can be overcome
by reducing generation of ROS or increasing the amounts
of antioxidants available. The literature contains studies
that used nutritional supplements and antioxidants like
vitamin C supplementation to protect against ROS and
OS. However, there is lack of consensus on the type and
dosage of antioxidants to be used. Clinical evidence on
the benefits of antioxidant supplementation is equivocal.

Current evidence supports the use of systemic antioxi-
dants for management of selected cases of male infertility
[175]. Randomised controlled trials investigating antioxi-
dants in female infertility are few and lack power because
of the small patient numbers. In a recent randomized con-
trolled, multi-center study, the effect of vitamin C supple-
mentation (750 mg/day) in patients with a luteal phase
defect was reported; pregnancy rates were higher in the
treatment group than in the controls [176]. Similarly, con-
centrations of antioxidants were found to be significantly
lower in women with a history of recurrent miscarriages
and luteal phase defects than in healthy women [177].
Vitamin C concentrations were higher in the follicular
fluid of patients supplemented with vitamin C than that
of the controls. Pregnancy rate was higher in the supple-
mented group than in the control group although the dif-
ference was not statistically significant [178].

In a double blinded, placebo-controlled pilot study, the
impact of a nutritional supplement containing vitamin E,
iron, zinc, selenium, L-arginine was examined [179]. The
mean mid-luteal progesterone levels increased from 8.2
ng/mL to 12.8 ng/mL, (p = 0.08), and the patients had a
significant increase in ovulation and pregnancy rates
(33% pregnant, p < 0.01) [179]. In a study looking at
short-term supplementation with high doses of ascorbic
acid during the luteal phase in IVF, the clinical pregnancy
rate and implantation rate did not improve [180]. There is
lack of consensus on antioxidant supplementation in idi-
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opathic infertility and randomized controlled trials need
to be designed with sufficient power and patient numbers
to investigate this issue.

Fertilization and embryo development in vivo occurs in
an environment of low oxygen tension [168]. During
ART, it is important to avoid conditions that promote
ROS generation and expose gametes and embryos to ROS.
During culture, low oxygen tension is more effective at
improving the implantation and pregnancy rate than
higher oxygen tension [181]. Similarly, higher implanta-
tion and clinical pregnancy rates are reported when anti-
oxidant supplemented media is used rather than standard
media without antioxidants. Metal ions can sometimes
result in the production of oxidants. Metal ions can also
increase the production of ROS directly through the
Haber-Weiss reaction. It may be useful to add metal ion
chelating agents to the culture media to decrease the pro-
duction of oxidants [181].

Amino acids added to the IVF media also have antioxidant
properties. Adding ascorbate during cryopreservation
reduces hydrogen peroxide levels and thus the oxidative
distress in mammalian embryos [182]. As a consequence,
the embryo development improved with enhanced blast-
ocyst development rates. A significant negative associa-
tion has been reported between duration of smoking and
fertilization rates in IVF procedures. Eliminating the
smoking factor would help improve fertility and ART out-
comes [178]. Because a history of smoking is associated
with high concentrations of OS, in-vivo antioxidants can
be recommended in infertile women who smoke [155].

Follicular vascularity determines the intrafollicular oxy-
gen content and the developmental potential of the
oocyte [156,183]. Intrafollicular hypoxia results in chro-
mosomal segregation disorders and deleterious mosai-
cisms in the embryo. Sildenafil, an inhibitor of
phosphodiesterase enzyme, prevents the breakdown of
c¢GMP and potentiates the effects of NO on vascular
smooth muscle. Vaginal Sildenafil and L-arginine have
been investigated for their potential to improve intrafol-
licular blood flow by potentiating the actions of NO on
vascular smooth muscle. It augments the effect of NO in
inducing vasodilatation and thus improving uterine
blood flow. A recent study reported that Sildenafil,
administered on day 3 of the menstrual cycle, appeared
effective in improving uterine artery blood flow and
endometrial development [184]. The same group in a
subsequent cohort of 105 patients with infertility and pre-
vious failures at IVF were able to achieve higher implanta-
tion and pregnancy rates with vaginal Sildenafil [185]

Oral L-arginine supplementation in poor responder

patients, during controlled ovarian stimulation may
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improve ovarian response, endometrial receptivity and
pregnancy rate by increasing the flow around the follicles,
and uterine flow [146]. Follicular fluid concentrations of
nitrite/nitrate inversely correlated with embryo quality.
Although the embryo quality was poor, L-arginine supple-
mentation in normally responding patients resulted in
higher follicular fluid arginine levels compared to the
poor responders and increased follicular recruitment
[147]. NO derivatives in higher doses in follicular fluid
may cause cytostatic and cytotoxic effects and may have
detrimental consequences on embryo quality, implanta-
tion and pregnancy rate.

Mechanical removal of ROS in IVF/ET has been examined
[186]. Cumulus oophorus rinsing is performed to over-
come the deleterious effects of ROS in patients with ovar-
ian endometriosis [186]. ROS has deleterious effects on
both the oocyte and the embryo quality. The deleterious
effects of TNF-o cytokines and reactive oxygen species,
which were increased in the peritoneal fluid of patients
with endometriosis and unexplained infertility, were pre-
vented, by the rinsing procedure.

3.6 Critical review of OS, ovary and ART

A comprehensive review of the published literature
reveals that the role of oxidative stress is controversial due
to the differences in the nature of materials examined, (i.e.
follicular fluid, embryos, and culture mediums). We can
conclude the number of articles on oxidative stress in the
last 5 years have significantly increased compared to the
previous 5 years indicating that more studies are being
conducted to understand the role of oxidative stress in
female reproduction. The effects of ROS studied and its
ability to influence female reproduction have been stud-
ied on various endpoints in terms of the oocyte, fertiliza-
tion, embryo and pregnancy. Different markers of
oxidative stress are reported in various studies and the
sensitivity and specifity of the various biomarkers are not
known. While some research is focused on studying the
antioxidant capacity others focus on studying and deter-
mining the levels of oxidative stress markers. Also, there
has been an assumption in the studies measuring the
amount and type of antioxidants that there is an inverse
correlation between oxidative stress markers and
antioxidants. These studies have also variations because
some have measured the total antioxidant capacity and
some have measured individual enzymes like superoxide
dismutase. Further studies need to be designed to validate
the results of the earlier studies, with elimination of vari-
ous factors leading to bias. Eliminating the bias will make
the comparison of different studies acceptable and pro-
vide support to the evidence based approach. The biomar-
kers of oxidative stress that are studied should be similar
across different studies to make the results comparable.
Prospective, randomized controlled trials with stringent
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inclusion criteria are needed to determine the effects of
antioxidants in overcoming redox in infertility patients.

4. Age related fertility decline, Menopause and ROS
There is an age related decline in the number and quality
of follicles in females. ROS may damage the oocytes
[187]. The age related decline in oocyte quality also results
in increased incidence of congenital anomalies in chil-
dren. The ageing of the oocytes affects many biochemical
pathways which have a deleterious effect on pre- and post
implantation development of the embryo [188]. The pre-
and postovulatory ageing of the oocytes have also been
associated with congenital anomalies, behavorial altera-
tions, and learning disabilities in later life and constitu-
tional diseases such as diabetes mellitus, and
schizophrenia. Oxidative stress occurs at menopause
because of loss of estrogens, which have antioxidant effect
on low-density lipoproteins. Estrogens confer cardiopro-
tection by lowering protein oxidation and antioxidant
properties [189]. Diminished antioxidant defense is asso-
ciated with osteoporosis in post-menopause. Modulation
of the estrogen receptors o and 3 has been reported to be
effected in vitro by oxidative stress [190].

5. Oxidative stress and pregnancy

5.1 Oxidative stress and pre-eclampsia

Pre-eclampsia is associated with severe maternal and fetal
morbidity and mortality [191]. Overall pre-eclampsia
complicates 5% of all pregnancies and 11% of all first
pregnancies. Recent evidence suggests the role of oxidative
stress in pre-eclampsia. There is a reduced antioxidant
response inpatients with pre-eclampsia [192,193] and
reduced levels of antioxidant nutrients [194] and
increased lipid peroxidation [45,194].

5.2 Placental oxidative stress and Pre-eclampsia

Incomplete trophoblast invasion leads to failure of con-
version of thick walled tortous spiral arteries to low resist-
ance flaccid sinusoidal vessels [195,59]. The incomplete
invasion results in impaired placental perfusion. The
hypoxia/reperfusion injury leads to increased expression
of xanthine oxidase and NADP (H) oxidase and resultant
increased generation of superoxide anion. The increased
generation of pro-oxidants tilts the balance in favor of oxi-
dative stress, which results in increased lipid peroxidation.
Biomarkers of lipid peroxidation are elevated in the pla-
centa [45,60].

5.3 Interventions to overcome oxidative stress in pre-eclampsia

There is currently no accepted method of prevention of
pre-eclampsia. Antioxidants vitamin C and vitamin E have
been studied in some trials for preventing pre-eclampsia.
Early intervention at 16-22 weeks of pregnancy with sup-
plementation of vitamin E and C resulted in significant
reduction of pre-eclampsia in the supplemented group
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[196]. Supplementation in women with established pre-
eclampsia did not result in any benefit [197]. Recent
report of a randomized trial failed to find beneficial effects
of vitamin C and E supplementation in preventing preec-
lampsia [198].

5.4 Redox and miscarriage

Human placenta is classified as hemomonochorial.
Maternal blood directly bathes the fetal trophoblast.
Establishment of the maternal placental circulation is
influenced by the trophoblastic invasion. Extravillous tro-
phoblastic invasion transforms the small caliber high
resistance spiral arteries into large caliber, low resistance,
and high capacitance uteroplacental arteries. Abnormal
placentation has been implicated in the pathogenesis of
pre-eclampsia and miscarriage [199]. Pre-eclampsia is
unique to human species and miscarriage is very rare in
other species [200]. Abnormal placentation leads to pla-
cental oxidative stress with resultant detrimental effects
on the syncitiotrophoblast and it has been proposed as a
mechanism involved in the etiopathogenesis of abortion.
A sharp peak in the expression of the markers of oxidative
stress in the trophoblast was detected in normal pregnan-
cies and this oxidative burst if excessive was speculated to
be a cause of early pregnancy loss [168].

The etiology of recurrent pregnancy loss remains unclear
and is a scientific challenge. Oxidative stress may have a
role in the etiology of recurrent pregnancy loss with no
known etiology. Glutathione and glutathione transferase
family of enzymes have been investigated in patients who
experience recurrent abortions [201,202]. Glutathione
and glutathione peroxidase are both antioxidants that
neutralize the free radicals and lipid peroxides to main-
tain the intracellular homeostasis and redox balance.

The etiology of recurrent pregnancy loss is multifactorial
and involves genetic and environmental factors [203]. In
a large case controlled study, gene polymorphisms of
enzymes of the glutathione family, glutathione S-trans-
ferase class mu (GSTM1) were studied. Elevated risk of
recurrent pregnancy loss was found to be associated with
the GSTM1 genotype null polymorphism, in patients with
recurrent pregnancy loss. Elevated glutathione levels in
pregnant patients with history of recurrent pregnancy loss
were associated with poor outcomes (i.e. abortion) [201].

5.5 Term labor and the role of oxidative stress

There is increased generation of free radicals superoxide
and nitric oxide in pregnancy, which results in oxidative
stress [35]. Term labor induces increased lipid peroxida-
tion, as evidenced by increased levels of the biomarker,
malondialdehyde [37]. In a case controlled study, the
serum levels of hydroperoxides were higher in patients in
labor, compared to the controls, who were not in labor
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[36]. Term labor was demonstrated to cause an up regula-
tion of the antioxidant reserve in the fetal compartment
[66]. The role of oxidative stress in initiation of labor is
not known.

F2-isoprostanes, reliable biomarkers of oxidative stress
were shown to be significantly elevated in plasma of
neonates compared to adults [204]. The study also dem-
onstrated an inverse correlation between gestational age
and plasma isoprostane levels.

5.6 Interventions to overcome oxidative stress during pregnancy
Based on the understanding of the pathophysiological
role of NO in the female reproductive tract, NO donors
have been studied for cervical ripening at term. In a rand-
omized controlled study, vaginal administration of iso-
sorbide dinitrate induced cervical ripening at term [205].
Oxidative stress leads to focal collagen damage in the fetal
membranes and result in preterm labor [39,206]. Antioxi-
dant supplementation has been investigated in preterm
labor and pre-eclampsia for beneficial effects [196,207].
Another randomized double-blinded placebo controlled
trial initiated in 2003 will examine women with type-1
diabetes. These women were randomized to receive anti-
oxidant supplementation with vitamin C and vitamin E.
Benefits of antioxidant supplementation will be investi-
gated in patients with type-1 diabetes and the incidence of
pre-eclampsia in this group of patients will be studied
[208]. In addition the secondary outcomes of birth weight
centile and the endothelial activation indicated by PAI-1/
PAI-2 (plasminogen activator-1/plasminogen activator-2)
ratio will also be studied [208].

6. Future perspectives in antioxidant therapy
Antioxidants prevent the actions of the free radicals of oxi-
dizing the substrate. Studies conducted in humans aimed
at delineating the association of TAC content of food with
incidence of chronic diseases [209]. The nutrients that are
being studied for their effects on chronic diseases are vita-
min C, Vitamin E, carotenoids and selenium. Pregnant
women with HIV infection, selenium deficiency or micro-
nutrient deficiencies like vitamin C and vitamin A, were
found to have adverse clinical outcomes in large prospec-
tive studies [210,211]. There is increasing argument for
increasing the selenium intake in these patients. There is
emerging enthusiasm in the use of antioxidants, natural
or synthetic. Small molecules that mimic antioxidant
enzymes are the new tools being developed in the antioxi-
dant armamentarium [212]. These are cell membrane per-
meable unlike the natural superoxide dismutase.
Antioxidants targeting cellular organelles like mitochon-
dria are also being investigated. Gene polymorphisms of
the glutathione S-transferase family and myeloperoxides
and their association with endometriosis, is an area of
recent interest, which is promising [26].
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7. Conclusion

The literature provides some evidence of oxidative stress
influencing the entire reproductive span of a woman, even
the menopausal years. OS plays a role in multiple physio-
logical processes from oocyte maturation to fertilization
and embryo development. There is burgeoning literature
on the involvement of OS in the pathoysiology of infertil-
ity, assisted fertility and female reproduction. Infertility is
a problem with a large magnitude. In this review we
attempted to examine the various causes of female infer-
tility and the role of OS in various etiologies of infertility.
OS can arise as result of excessive production of free radi-
cals and/or impaired antioxidant defense mechanism. An
increasing number of published studies have pointed
towards increased importance of the role of OS in female
reproduction. Clearly, we have much to learn, but what
we do know is that the role of OS in female reproduction
cannot be underestimated. There is evidence that OS plays
a role in conditions such as abortions, pre-eclampsia,
hydatidiform mole, fetal embryopathies, preterm labor
and pre-eclampsia and gestational diabetes, which lead to
an immense burden of maternal and fetal morbidity and
mortality. The review addresses the issue that both NOS
and ROS species can lead to infertility problems and a
spectrum of female reproductive disorders. We emphasize
that free radicals have important physiological functions
in the female reproductive tract as well as excessive free
radicals precipitate female reproductive tract pathologies.

Reference values for ROS and NOS, minimum safe con-
centrations or physiologically beneficial concentrations
have yet not been defined. Patients should be assessed
according to the etiological factors and analyzed sepa-
rately. Most of the published studies on oxidative stress
are either observational or case control studies. Newer
studies should be designed with more patient numbers;
similar outcome parameters and uniform study popula-
tions so that results can be more easily compared. Meas-
urement of OS in vivo is controversial. The sensitivity and
specificity of various oxidative stress markers is not
known. 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. Treatment strategies of anti-
oxidant supplementation, directed toward reducing OS
need to be investigated in randomized controlled trials.
Antioxidants maybe advised when specific etiology can-
not be identified as in idiopathic infertility as there is no
other evidence based treatment for idiopathic infertility
and reports indicate the presence of OS. Strategies to over-
come OS in-vitro conditions and balancing between in
vivo and in vitro environments can be utilized in ART, to
successfully treat infertility. Interventions for overcoming
oxidative stress in conditions such as abortions, preec-
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lampsia, preterm labor and gestational diabetes and intra-
uterine growth retardation are still investigational with
various randomized controlled trials in progress.

Legend

Reprinted from an article in Reproductive BioMedicine
Online by Agarwal and Allamaneni, 2004, with permis-
sion from Reproductive Healthcare Ltd [33].

Acknowledgements
The authors wish to thank Robin Verdi for her secretarial support.

References

. Pierce JD, Cackler AB, Arnett MG: Why should you care about
free radicals? RN 2004, 67:38-42. quiz 43

2. Szczepanska M, Kozlik |, Skrzypczak ], Mikolajczyk M: Oxidative
stress may be a piece in the endometriosis puzzle. Fertil Steril
2003, 79:1288-1293.

3. Van Langendonckt A, Casanas-Roux F, Donnez |: Oxidative stress
and peritoneal endometriosis. Fertil Steril 2002, 77:861-870.

4.  Attaran M, Pasqualotto E, Falcone T, Goldberg JM, Miller KF, Agarwal
A, Sharma RK: The effect of follicular fluid reactive oxygen spe-
cies on the outcome of in vitro fertilization. Int | Fertil Womens
Med 2000, 45:314-320.

5. Halliwell B, Gutteridge JM, Cross CE: Free radicals, antioxidants,
and human disease: where are we now? | Lab Clin Med 1992,
119:598-620.

6.  Mello Filho AC, Hoffmann ME, Meneghini R: Cell killing and DNA
damage by hydrogen peroxide are mediated by intracellular
iron. Biochem | 1984, 218:273-275.

7.  Gibson GE, Huang HM: Mitochondrial enzymes and endoplas-
mic reticulum calcium stores as targets of oxidative stress in
neurodegenerative diseases. | Bioenerg Biomembr 2004,
36:335-340.

8.  Madamanchi NR, Vendrov A, Runge MS: Oxidative stress and vas-
cular disease. Arterioscler Thromb Vasc Biol 2005, 25:29-38.

9.  Aitken R, Baker MA: Oxidative stress and male reproductive
biology. Reprod Fertil Dev 2004, 16:581-588.

10. Evans MD, Dizdaroglu M, Cooke MS: Oxidative DNA damage
and disease: induction, repair and significance. Mutat Res 2004,
567:1-61.

I'1. Behrman HR, Kodaman PH, Preston SL, Gao S: Oxidative stress
and the ovary. | Soc Gynecol Investig 2001, 8:540-42.

12.  Sabatini L, Wilson C, Lower A, Al-Shawaf T, Grudzinskas JG: Super-
oxide dismutase activity in human follicular fluid after con-
trolled ovarian hyperstimulation in women undergoing in
vitro fertilization. Fertil Steril 1999, 72:1027-1034.

13.  Shiotani M, Noda Y, Narimoto K, Imai K, Mori T, Fujimoto K, Ogawa
K: Immunohistochemical localization of superoxide dis-
mutase in the human ovary. Hum Reprod 1991, 6:1349-1353.

14.  Suzuki T, Sugino N, Fukaya T, Sugiyama S, Uda T, Takaya R, Yajima A,
Sasano H: Superoxide dismutase in normal cycling human
ovaries: immunohistochemical localization and
characterization. Fertil Steril 1999, 72:720-726.

15.  Jozwik M, Wolczynski S, Szamatowicz M: Oxidative stress mark-
ers in preovulatory follicular fluid in humans. Mol Hum Reprod
1999, 5:409-413.

16. El Mouatassim S, Guerin P, Menezo Y: Expression of genes encod-
ing antioxidant enzymes in human and mouse oocytes dur-
ing the final stages of maturation. Mol Hum Reprod 1999,
5:720-725.

17.  Guerin P, El Mouatassim S, Menezo Y: Oxidative stress and pro-
tection against reactive oxygen species in the pre-implanta-
tion embryo and its surroundings. Hum Reprod Update 2001,
7:175-189.

18. Ishikawa M: Oxygen radicals-superoxide dismutase system
and reproduction medicine. Nippon Sanka Fujinka Gakkai Zasshi
1993, 45:842-848.

19. Vega M, Johnson MC, Diaz HA, Urrutia LR, Troncoso JL, Devoto L:
Regulation of human luteal steroidogenesis in vitro by nitric
oxide. Endocrine 1998, 8:185-191.

Page 16 of 21

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14979192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14979192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12798872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12798872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12009336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12009336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11092702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11092702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1593209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1593209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6712613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6712613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6712613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15377868
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15377868
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15377868
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15539615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15539615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15367373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15367373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15341901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15341901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11223371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11223371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10593376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10593376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10593376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1770125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1770125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10521117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10521117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10521117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10338363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10338363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10421798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10421798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10421798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11284661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11284661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11284661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8371013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8371013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9704576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9704576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9704576

Reproductive Biology and Endocrinology 2005, 3:28

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Dong M, Shi Y, Cheng Q, Hao M: Increased nitric oxide in peri-
toneal fluid from women with idiopathic infertility and
endometriosis. | Reprod Med 2001, 46:887-891.

Rosselli M, Keller P|, Dubey RK: Role of nitric oxide in the biol-
ogy, physiology and pathophysiology of reproduction. Hum
Reprod Update 1998, 4:3-24.

Ohl ), Lefebvre-Maunoury C, Wittemer C, Nisand G, Laurent MC,
Hoffmann P: Nitric oxide donors for patients undergoing IVF.
A prospective, double-blind, randomized, placebo-control-
led trial. Hum Reprod 2002, 17:2615-2620.

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

Reynaert NL, Ckless K, Wouters EF, van der Vliet A, Janssen-Heinin-
ger YM: Nitric oxide and redox signaling in allergic airway
inflammation. Antioxid Redox Signal 2005, 7:129-143.

Schulman IH, Zhou MS, Raij L: Nitric oxide, angiotensin Il, and
Reactive = Oxygen Species in Hypertension and
Atherogenesis. Curr Hypertens Rep 2005, 7:61-67.

Hsieh YY, Chang CC, Tsai FJ, Lin CC, Chen JM, Tsai CH: Glutath-
ione S-transferase MI*null genotype but not myeloperoxi-
dase promoter G-463A polymorphism is associated with
higher susceptibility to endometriosis. Mol Hum Reprod 2004,
10:713-717.

Schrier RW, Wang W: Acute renal failure and sepsis. N Engl |
Med 2004, 351:159-169.

Ota H, Igarashi S, Hatazawa ], Tanaka T: Endothelial nitric oxide
synthase in the endometrium during the menstrual cycle in
patients with endometriosis and adenomyosis. Fertil Steril
1998, 69:303-308.

Lee KS, Joo BS, Na Y], Yoon MS, Choi OH, Kim WW: Relationships
between concentrations of tumor necrosis factor-alpha and
nitric oxide in follicular fluid and oocyte quality. | Assist Reprod
Genet 2000, 17:222-228.

Agarwal A, Saleh RA, Bedaiwy MA: Role of reactive oxygen spe-
cies in the pathophysiology of human reproduction. Fertil Steril
2003, 79:829-843.

Chan AC: Partners in defense, vitamin E and vitamin C. CanJ
Physiol Pharmacol 1993, 71:725-731.

de Matos DG, Furnus CC: The importance of having high glu-
tathione (GSH) level after bovine in vitro maturation on
embryo development effect of beta-mercaptoethanol,
cysteine and cystine. Theriogenology 2000, 53:761-771.

Agarwal A, Allamaneni SS: Role of free radicals in female repro-
ductive diseases and assisted reproduction. Reprod Biomed
Online 2004, 9:338-347.

de Bruin JP, Dorland M, Spek ER, Posthuma G, van Haaften M,
Looman CWV, te Velde ER: Ultrastructure of the resting ovarian
follicle pool (in healthy young women. Biol Reprod 2002,
66:1151-1160.

Myatt L, Cui X: Oxidative stress in the placenta. Histochem Cell
Biol 2004, 122:369-382.

Fainaru O, Almog B, Pinchuk I, Kupferminc M), Lichtenberg D, Many
A: Active labour is associated with increased oxidisibility of
serum lipids ex vivo. BJOG 2002, 109:938-941.

Mocatta T), Winterbourn CC, Inder TE, Darlow BA: The effect of
gestational age and labour on markers of lipid and protein
oxidation in cord plasma. Free Radic Res 2004, 38:185-191.

Wall PD, Pressman EK, Woods JR Jr: Preterm premature rup-
ture of the membranes and antioxidants: the free radical
connection. | Perinat Med 2002, 30:447-457.

Pressman EK, Cavanaugh JL, Mingione M, Norkus EP, Woods JR:
Effects of maternal antioxidant supplementation on mater-
nal and fetal antioxidant levels: a randomized, double-blind
study. Am | Obstet Gynecol 2003, 189:1720-1725.

Ray SD, Lam TS, Rotollo JA, Phadke S, Patel C, Dontabhaktuni A,
Mohammad S, Lee H, Strika S, Dobrogowska A, Bruculeri C, Chou A,
Patel S, Patel R, Manolas T, Stohs S: Oxidative stress is the master
operator of drug and chemically-induced programmed and
unprogrammed cell death: Implications of natural antioxi-
dants in vivo. Biofactors 2004, 21:223-232.

Sugino N, Takiguchi S, Kashida S, Karube A, Nakamura Y, Kato H:
Superoxide dismutase expression in the human corpus
luteum during the menstrual cycle and in early pregnancy.
Mol Hum Reprod 2000, 6:19-25.

42.

43.

44,

45.

46.

47.

48.

49.
50.

51.

52.

53.

54.
55.

56.

57.

59.

60.

6l.

62.

http://www.rbej.com/content/3/1/28

Paszkowski T, Traub Al, Robinson SY, McMaster D: Selenium
dependent glutathione peroxidase activity in human follicu-
lar fluid. Clin Chim Acta 1995, 236:173-180.

Garcia-Pardo L, Granados MD, Gaytan F, Padilla CA, Martinez-Gal-
isteo E, Morales C, Sanchez-Criado JE, Barcena JA: Immunolocali-
zation of glutaredoxin in the human corpus luteum. Mol Hum
Reprod 1999, 5:914-919.

Tranquilli AL, Bezzeccheri V, Giannubilo SR, Scagnoli C, Mazzanti L,
Garzetti GG: Amniotic vascular endothelial growth factor
(VEGF) and nitric oxide (NO) in women with subsequent
preeclampsia. Eur | Obstet Gynecol Reprod Biol 2004, 113:17-20.
Takagi Y, Nikaido T, Toki T, Kita N, Kanai M, Ashida T, Ohira S, Kon-
ishi I: Levels of oxidative stress and redox-related molecules
in the placenta in preeclampsia and fetal growth restriction.
Virchows Arch 2004, 444:49-55.

Harma M, Kocyigit A, Demir N: Role of plasma nitric oxide in
complete hydatidiform mole. Eur | Gynaecol Oncol 2004,
25:333-335.

Harma M, Kocyigit A: Comparison of protein carbonyl and total
plasma thiol concentrations in patients with complete hyda-
tidiform mole with those in healthy pregnant women. Acta
Obstet Gynecol Scand 2004, 83:857-860.

Harma M, Erel O: Increased oxidative stress in patients with
hydatidiform mole. Swiss Med Wkly 2003, 133:563-566.

Loeken MR: Free radicals and birth defects. | Matern Fetal Neo-
natal Med 2004, 15:6-14.

Lagod L, Paszkowski T, Sikorski R, Rola R: The antioxidant-
prooxidant balance in pregnancy complicated by spontane-
ous abortion. Ginekol Pol 2001, 72:1073-1078.

Pasqualotto EB, Agarwal A, Sharma RK, Izzo VM, Pinotti JA, Joshi NJ,
Rose Bl: Effect of oxidative stress in follicular fluid on the out-
come of assisted reproductive procedures. Fertil Steril 2004,
81:973-976.

Seino T, Saito H, Kaneko T, Takahashi T, Kawachiya S, Kurachi H:
Eight-hydroxy-2'-deoxyguanosine in granulosa cells is corre-
lated with the quality of oocytes and embryos in an in vitro
fertilization-embryo transfer program. Fertil Steril 2002,
77:1184-1190.

Vega M, Urrutia L, Iniguez G, Gabler F, Devoto L, Johnson MC: Nitric
oxide induces apoptosis in the human corpus luteum in vitro.
Mol Hum Reprod 2000, 6:681-687.

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

Van Voorhis BJ, Dunn MS, Snyder GD, Weiner CP: Nitric oxide: an
autocrine regulator of human granulosa-luteal cell
steroidogenesis. Endocrinology 1994, 135:1799-1806.

Tamate K, Sengoku K, Ishikawa M: The role of superoxide dis-
mutase in the human ovary and fallopian tube. | Obstet
Gynaecol 1995, 21:401-409.

Takayama K, Sasano H, Fukaya T, Morohashi K, Suzuki T, Tamura M,
Costa M), Yajima A: Immunohistochemical localization of Ad4-
binding protein with correlation to steroidogenic enzyme
expression in cycling human ovaries and sex cord stromal
tumors. | Clin Endocrinol Metab 1995, 80:2815-2821.

Sugino N, Takiguchi S, Ono M, Tamura H, Shimamura K, Nakamura
Y, Tsuruta R, Sadamitsu D, Ueda T, Maekawa T, Kato H: Nitric
oxide concentrations in the follicular fluid and apoptosis of
granulosa cells in human follicles. Hum Reprod 1996,
11:2484-2487.

Jauniaux E, Watson AL, Hempstock ], Bao YP, Skepper JN, Burton GJ:
Onset of maternal arterial blood flow and placental oxida-
tive stress. A possible factor in human early pregnancy
failure. Am | Pathol 2000, 157:2111-2122.

Wang Y, Walsh SW: Antioxidant activities and mRNA expres-
sion of superoxide dismutase, catalase, and glutathione per-
oxidase in normal and preeclamptic placentas. | Soc Gynecol
Investig 1996, 3:179-184.

Djordjevic A, Spasic S, Jovanovic-Galovic A, Djordjevic R, Grubor-
Lajsic G: Oxidative stress in diabetic pregnancy: SOD, CAT
and GSH-Px activity and lipid peroxidation products. | Matern
Fetal Neonatal Med 2004, 16:367-372.

Wiktor H, Kankofer M, Schmerold |, Dadak A, Lopucki M, Nieder-
muller H: Oxidative DNA damage in placentas from normal
and pre-eclamptic pregnancies. Virchows Arch 2004, 445:74-78.

Page 17 of 21

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11725732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11725732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11725732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9622410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9622410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12351537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12351537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12351537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11779590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11779590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11779590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15650402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15650402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15683588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15683588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15683588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15299090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15299090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15299090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15247356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9496346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9496346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9496346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10955247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10955247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10955247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12749418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12749418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8313238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10735042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10735042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10735042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15353087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15353087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11906936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11906936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15248072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12197375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12197375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15104212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15104212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15104212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12530100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12530100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12530100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14710104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14710104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14710104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15630201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15630201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15630201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10611256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10611256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7554284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7554284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7554284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10508218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10508218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15036704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15036704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15036704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14574573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14574573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15171312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15171312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15315598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15315598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15315598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14691728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14691728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15101606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11883212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11883212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11883212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15066450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15066450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12057726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12057726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12057726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10908276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10908276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10077349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7525252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7525252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7525252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8775911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8775911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7673429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7673429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7673429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8981140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8981140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8981140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11106583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11106583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11106583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8796828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8796828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8796828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15621558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15621558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15133663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15133663
user
Highlight

user
Highlight

user
Highlight


Reproductive Biology and Endocrinology 2005, 3:28

63.

64.

65.

66.

67.
68.
69.
70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

8l.

82.

83.

84.
85.

Holthe MR, Staff AC, Berge LN, Lyberg T: Leukocyte adhesion
molecules and reactive oxygen species in preeclampsia.
Obstet Gynecol 2004, 103:913-922.

Ishihara O, Hayashi M, Osawa H, Kobayashi K, Takeda S, Vessby B,
Basu S: Isoprostanes, prostaglandins and tocopherols in pre-
eclampsia, normal pregnancy and non-pregnancy. Free Radic
Res 2004:913-918.

Vaisanen-Tommiska M, Nuutila M, Ylikorkala O: Cervical nitric
oxide release in women postterm. Obstet Gynecol 2004,
103:657-662.

Buhimschi IA, Buhimschi CS, Pupkin M, Weiner CP: Beneficial
impact of term labor: nonenzymatic antioxidant reserve in
the human fetus. Am | Obstet Gynecol 2003, 189:181-188.

ASRM: Definition of "infertility". Fertil Steril 2004, 82(Suppl
1):5206.

Yu SL, Yap C: Investigating the infertile couple. Ann Acad Med
Singapore 2003, 32:611-613. quiz 614

Duckitt K: Infertility and subfertility. Clin Evid 2003:2044-2073.
DeCherney A, Nathan L, Eskandari M, Cadieux M: Current Obstetric &
Gynecologic Diagnosis & Treatment. McGraw Hill, New York 2003,
6:979-990.

ASRM: Guidelines for the provision of infertility services. Fertil
Steril 2004, 82(Suppl 1):524-S25.

Sharma RK, Agarwal A: Role of reactive oxygen species in gyne-
cologic diseases. Reprod Med Bio 2004, 3:177-199.

Dennery PA: Role of redox in fetal development and neonatal
diseases. Antioxid Redox Signal 2004, 6:147-53.

Bedaiwy MA, Falcone T, Sharma RK, Goldberg JM, Attaran M, Nelson
DR, Agarwal A: Prediction of endometriosis with serum and
peritoneal fluid markers: a prospective controlled trial. Hum
Reprod 2002, 17:426-431.

Bedaiwy MA, Falcone T: Peritoneal fluid environment in
endometriosis. Clinicopathological implications.  Minerva
Ginecol 2003, 55:333-345.

Ben-Shlomo |, Kokia E, Jackson MJ, Adashi EY, Payne DW: Inter-
leukin-1 beta stimulates nitrite production in the rat ovary:
evidence for heterologous cell-cell interaction and for insu-
lin-mediated regulation of the inducible isoform of nitric
oxide synthase. Biol Reprod 1994, 51:310-318.

Malek A, Sager R, Schneider H: Effect of hypoxia, oxidative stress
and lipopolysaccharides on the release of prostaglandins and
cytokines from human term placental explants. Placenta 2001,
22(Suppl A):545-50.

Bilodeau JF, Hubel CA: Current concepts in the use of antioxi-
dants for the treatment of preeclampsia. | Obstet Gynaecol Can
2003, 25:742-750.

Hung TH, Charnock-Jones DS, Skepper N, Burton GJ: Secretion of
tumor necrosis factor-alpha from human placental tissues
induced by hypoxia-reoxygenation causes endothelial cell
activation in vitro: a potential mediator of the inflammatory
response in preeclampsia. Am | Pathol 2004, 164:1049-1061.
Banerjee S, Smallwood A, Moorhead ], Chambers AE, Papageorghiou
A, Campbell S, Nicolaides K: Placental expression of Interferon-
gamma (IFN-gamma) and its receptor (IFN-gamma) R2 fail
to switch from early hypoxic to late normotensive develop-
ment in pre-eclampsia. | Clin Endocrinol Metab 2005, 90:944-952.
Oner-lyidogan Y, Kocak H, Gurdol F, Korkmaz D, Buyru F: Indices
of oxidative stress in eutopic and ectopic endometria of
women with endometriosis.  Gynecol Obstet Invest 2004,
57:214-217.

Sugino N, Karube-Harada A, Sakata A, Takiguchi S, Kato H: Nuclear
factor-kappa B is required for tumor necrosis factor-alpha-
induced manganese superoxide dismutase expression in
human endometrial stromal cells. | Clin Endocrinol Metab 2002,
87:3845-3850.

Sugino N, Karube-Harada A, Taketani T, Sakata A, Nakamura Y:
Withdrawal of ovarian steroids stimulates prostaglandin
F2alpha production through nuclear factor-kappaB activa-
tion via oxygen radicals in human endometrial stromal cells:
potential relevance to menstruation. | Reprod Dev 2004,
50:215-225.

Ness RB: Endometriosis and ovarian cancer: thoughts on
shared pathophysiology. Am | Obstet Gynecol 2003, 189:280-294.
Murdoch WJ, Martinchick JF: Oxidative damage to DNA of ovar-
ian surface epithelial cells affected by ovulation: carcinogenic

86.
87.

88.

89.

90.

9l.

92.

93.

94.

95.

96.

97.

98.

100.

101.

102.

103.

104.

105.

106.

http://www.rbej.com/content/3/1/28

implication and chemoprevention.
2004, 229:546-552.

Ness RB, Cottreau C: Possible role of ovarian epithelial inflam-
mation in ovarian cancer. | Natl Cancer Inst 1999, 91:1459-1467.
Modugno F, Ness RB, Allen GO, Schildkraut JM, Davis FG, Goodman
MT: Oral contraceptive use, reproductive history, and risk of
epithelial ovarian cancer in women with and without
endometriosis. Am | Obstet Gynecol 2004, 191:733-740.

WHO: Epithelial ovarian cancer and combined oral contra-
ceptives. The WHO Collaborative Study of Neoplasia and
Steroid Contraceptives. Int | Epidemiol 1989, 18:538-545.

Young TW, Mei FC, Yang G, Thompson-Lanza JA, Liu J, Cheng X:
Activation of antioxidant pathways in ras-mediated onco-
genic transformation of human surface ovarian epithelial
cells revealed by functional proteomics and mass
spectrometry. Cancer Res 2004, 64:4577-4584.

Geva E, Jaffe RB: Role of vascular endothelial growth factor in
ovarian physiology and pathology. Fertil Steril 2000, 74:429-438.
Zbucka M, Koda M, Tomaszewski |, Przystupa W, Sulkowski S, Wol-
czynski S: Angiogenesis in the female reproductive processes.
Ginekol Pol 2004, 75:649-657.

Krussel JS, Bielfeld P, Polan ML, Simon C: Regulation of embryonic
implantation. Eur | Obstet Gynecol Reprod Biol 2003, 1 10(Suppl
1):52-S9.

Sherer DM, Abulafia O: Angiogenesis during implantation, and
placental and early embryonic development. Placenta 2001,
22:1-13.

Choi HK, Choi BC, Lee SH, Kim JW, Cha KY, Baek KH: Expression
of angiogenesis- and apoptosis-related genes in chorionic villi
derived from recurrent pregnancy loss patients. Mol Reprod
Dev 2003, 66:24-31.

Gordon ]D, Mesiano S, Zaloudek CJ, Jaffe RB: Vascular endothelial
growth factor localization in human ovary and fallopian
tubes: possible role in reproductive function and ovarian cyst
formation. | Clin Endocrinol Metab 1996, 81:353-359.

Bausero P, Cavaille F, Meduri G, Freitas S, Perrot-Applanat M: Para-
crine action of vascular endothelial growth factor in the
human endometrium: production and target sites, and hor-
monal regulation. Angiogenesis 1998, 2:167-182.

Albrecht ED, Babischkin JS, Lidor Y, Anderson LD, Udoff LC, Pepe GJ:
Effect of estrogen on angiogenesis in co-cultures of human
endometrial cells and microvascular endothelial cells. Hum
Reprod 2003, 18:2039-2047.

Ushio-Fukai M, Alexander RW: Reactive oxygen species as medi-
ators of angiogenesis signaling: role of NAD(P)H oxidase.
Mol Cell Biochem 2004, 264:85-97.

Eyries M, Collins T, Khachigian LM: Modulation of growth factor
gene expression in vascular cells by oxidative stress. Endothe-
lium 2004, 11:133-139.

Sugino N, Shimamura K, Takiguchi S, Tamura H, Ono M, Nakata M,
Nakamura Y, Ogino K, Uda T, Kato H: Changes in activity of
superoxide dismutase in the human endometrium through-
out the menstrual cycle and in early pregnancy. Hum Reprod
1996, 11:1073-1078.

Sugino N, Karube-Harada A, Kashida S, Takiguchi S, Kato H: Reac-
tive oxygen species stimulate prostaglandin F2 alpha produc-
tion in human endometrial stromal cells in vitro. Hum Reprod
2001, 16:1797-1801.

Zeller JM, Henig |, Radwanska E, Dmowski WP: Enhancement of
human monocyte and peritoneal macrophage chemilumi-
nescence activities in women with endometriosis. Am | Reprod
Immunol Microbiol 1987, 13:78-82.

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,
68:826-830.

Murphy AA, Palinski W, Rankin S, Morales A), Parthasarathy S: Evi-
dence for oxidatively modified lipid-protein complexes in
endometrium and endometriosis. Fertil ~ Steril 1998,
69:1092-1094.

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, 71:1115-1118.
Murphy AA, Santanam N, Morales A}, Parthasarathy S: Lysophos-
phatidyl choline, a chemotactic factor for monocytes/T-lym-

Exp Biol Med (Maywood)

Page 18 of 21

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15121565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15121565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15621708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15621708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15051555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15051555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12861160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12861160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12861160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15363731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14626788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12967463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15363689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14713346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14713346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11821289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11821289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14581858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14581858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7524699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7524699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7524699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11312628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11312628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11312628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12970809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12970809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14982858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14982858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14982858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15585559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15585559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15585559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14970668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14970668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14970668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12161520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12161520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12161520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15118249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15118249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15118249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12861175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12861175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15169974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15169974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15169974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10469746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10469746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15467532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15467532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15467532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2807655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2807655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2807655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15231669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15231669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15231669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10973633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10973633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15517790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12965085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12965085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11162347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11162347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12874795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12874795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12874795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8550777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8550777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8550777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14517472
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14517472
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14517472
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14507818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14507818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14507818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15544038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15544038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15370072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15370072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8671393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8671393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8671393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11527878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11527878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11527878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3605484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3605484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3605484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9389810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9389810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9389810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9627298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9627298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9627298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10360920
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10360920
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10360920
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9626147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9626147
user
Highlight

user
Highlight


Reproductive Biology and Endocrinology 2005, 3:28

107.

108.

109.

110.

112.

113.

114.

115.

116.

117.

118.

9.

120.

121.

122.

123.

124.

125.

126.

phocytes is elevated in endometriosis. | Clin Endocrinol Metab
1998, 83:2110-2113.

Foyouzi N, Berkkanoglu M, Arici A, Kwintkiewicz ], lzquierdo D,
Duleba AJ: Effects of oxidants and antioxidants on prolifera-
tion of endometrial stromal cells. Fertil Steril 2004, 82(Suppl
3):1019-1022.

Murphy AA, Zhou MH, Malkapuram S, Santanam N, Parthasarathy S,
Sidell N: RU486-induced growth inhibition of human endome-
trial cells. Fertil Steril 2000, 71:1014-1019.

Vega M, Carrasco |, Castillo T, Troncoso JL, Videla LA, Devoto L:
Functional luteolysis in response to hydrogen peroxide in
human luteal cells. | Endocrinol 1995, 147:177-182.

LaPolt PS, Leung K, Ishimaru R, Tafoya MA, You-hsin Chen J: Roles
of cyclic GMP in modulating ovarian functions. Reprod Biomed
Online 2003, 6:15-23.

Hanafy KA, Krumenacker ]S, Murad F: NO, nitrotyrosine, and
cyclic GMP in signal transduction. Med Sci Monit 2001,
7:801-819.

Ekerhovd E, Brannstrom M, Alexandersson M, Norstrom A: Evi-
dence for nitric oxide mediation of contractile activity in iso-
lated strips of the human Fallopian tube. Hum Reprod 1997,
12:301-305.

Rosselli M, Dubey RK, Rosselli MA, Macas E, Fink D, Lauper U, Keller
PJ, Imthurn B: Identification of nitric oxide synthase in human
and bovine oviduct. Mol Hum Reprod 1996, 2:607-612.

Rosselli M, Dubey RK, Imthurn B, Macas E, Keller PJ: Effects of nitric
oxide on human spermatozoa: evidence that nitric oxide
decreases sperm motility and induces sperm toxicity. Hum
Reprod 1995, 10:1786-1790.

Tseng L, Zhang ], Peresleni T, Goligorsky MS: Cyclic expression of
endothelial nitric oxide synthase mRNA in the epithelial
glands of human endometrium. | Soc Gynecol Investig 1996,
3:33-38.

Taguchi M, Alfer J, Chwalisz K, Beier HM, Classen-Linke |: Endothe-
lial nitric oxide synthase is differently expressed in human
endometrial vessels during the menstrual cycle. Mol Hum
Reprod 2000, 6:185-190.

Telfer JF, Lyall F, Norman JE, Cameron IT: Identification of nitric
oxide synthase in human uterus. Hum Reprod 1995, 10:19-23.
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,
5:175-18I.

Sun X, Qiu X, Gemzell-Danielsson K: Effects of mifepristone on
expression of endothelial nitric oxide synthase in human
endometrium during the implantation phase. Fertil Steril 2003,
80:1454-60.

Shaamash AH, Zakhari MM: Increased serum levels of nitric
oxide metabolites among users: a possible role in progestin-
induced bleeding. Hum Reprod 2005, 20:302-306.

Bansal RK, Goldsmith PC, He Y, Zaloudek CJ, Ecker JL, Riemer RK:
A decline in myometrial nitric oxide synthase expression is
associated with labor and delivery. | Clin Invest 1997,
99:2502-2508.

Seyffarth G, Nelson PN, Dunmore S}, Rodrigo N, Murphy D), Carson
R): Lipopolysaccharide induces nitric oxide synthase expres-
sion and platelet-activating factor increases nitric oxide pro-
duction in human fetal membranes in culture. Reprod Biol
Endocrinol 2004, 2:29.

Marinoni E, Di lorio R, Villaccio B, Alberini A, Rota F, Cosmi EV:
Amniotic fluid nitric oxide metabolite levels and nitric oxide
synthase localization in feto-placental tissues are modified in
association with human labor. Eur | Obstet Gynecol Reprod Biol
2000, 89:47-54.

Lee TH, Wu MY, Chen M}, Chao KH, Ho HN, Yang YS: Nitric oxide
is associated with poor embryo quality and pregnancy out-
come in in vitro fertilization cycles. Fertil Sterii 2004,
82:126-131.

Oztezcan S, Turkoglu UM, Kervancioglu E, Kocak T, Kocak-Toker N,
Aykac-Toker G: In vitro effects of peroxynitrite on human
spermatozoa. Andrologia 1999, 31:195-198.

Chung HT, Pae HO, Choi BM, Billiar TR, Kim YM: Nitric oxide as a
bioregulator of apoptosis. Biochem Biophys Res Commun 2001,
282:1075-1079.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.
137.

138.

139.

140.

141.

142.

143.

144.

145.

http://www.rbej.com/content/3/1/28

Polak G, Koziol-Montewka M, Gogacz M, Blaszkowska |, Kotarski J:
Total antioxidant status of peritoneal fluid in infertile
women. Eur | Obstet Gynecol Reprod Biol 2001, 94:261-263.
Arumugam K, Dip YC: Endometriosis and infertility: the role of
exogenous lipid peroxides in the peritoneal fluid. Fertil Steril
1995, 63:198-199.

Ho HN, Wu MY, Chen SU, Chao KH, Chen CD, Yang YS: Total
antioxidant status and nitric oxide do not increase in perito-
neal fluids from women with endometriosis. Hum Reprod 1997,
12:2810-2815.

Khorram O, Lessey BA: Alterations in expression of endome-
trial endothelial nitric oxide synthase and alpha(v)beta(3)
integrin in women with endometriosis. Fertil Steril 2002,
78:860-864.

Wu MY, Chao KH, Yang JH, Lee TH, Yang YS, Ho HN: Nitric oxide
synthesis is increased in the endometrial tissue of women
with endometriosis. Hum Reprod 2003, 18:2668-2671.

Kamada Y, Nakatsuka M, Asagiri K, Noguchi S, Habara T, Takata M,
Kudo T: GnRH agonist-suppressed expression of nitric oxide
synthases and generation of peroxynitrite in adenomyosis.
Hum Reprod 2000, 15:2512-2519.

Ekerhovd E, Enskog A, Caidahl K, Klintland N, Nilsson L, Brannstrom
M, Norstrom A: Plasma concentrations of nitrate during the
menstrual cycle, ovarian stimulation and ovarian hyperstim-
ulation syndrome. Hum Reprod 2001, 16:1334-1339.

Portz DM, Elkins TE, White R, Warren |, Adadevoh S, Randolph J:
Oxygen free radicals and pelvic adhesion formation: I. Block-
ing oxygen free radical toxicity to prevent adhesion forma-
tion in an endometriosis model. Int | Fertil 1991, 36:39-42.
Zervou S, Karteris E, Goumenou AG, Vatish M, Koumantakis EE, Hill-
house EW: The Glu298-->Asp polymorphism of the endothe-
lial nitric oxide synthase gene is associated with
endometriosis. Fertil Steril 2003, 80:1524-1525.

Ota H, Igarashi S, Hatazawa J, Tanaka T: Endometriosis and free
radicals. Gynecol Obstet Invest 1999, 48(Suppl 1):29-35.
Leyendecker G, Kunz G, Wildt L, Beil D, Deininger H: Uterine
hyperperistalsis and dysperistalsis as dysfunctions of the
mechanism of rapid sperm transport in patients with
endometriosis and infertility. Hum Reprod 1996, 11:1542-1551.
Kim KH, Oh DS, Jeong JH, Shin BS, Joo BS, Lee KS: Follicular blood
flow is a better predictor of the outcome of in vitro fertiliza-
tion-embryo transfer than follicular fluid vascular endothe-
lial growth factor and nitric oxide concentrations. Fertil Steril
2004, 82:586-592.

Song 10, Huh Y, Yoo K], Choi BC, Paik EC, Son IP: Increased
expression of endothelial nitric oxide synthase in
endometrium of infertile women with endometriosis or hyd-
rosalpinx during the window of implantation. Abstract of the
15th Annual Meeting of the ESHRE. Tours, France . June 14-17, 2000,
Abstract No. O-035

Cicinelli E, Ignarro L), Lograno M, Galantino P, Balzano G, Schonauer
LM: Circulating levels of nitric oxide in fertile women in rela-
tion to the menstrual cycle. Fertil Steril 1996:1036-1038.

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

Anteby EY, Hurwitz A, Korach O, Revel A, Simon A, Finci-Yeheskel
Z, Mayer M, Laufer N: Human follicular nitric oxide pathway:
relationship to follicular size, oestradiol concentrations and
ovarian blood flow. Hum Reprod 1996, 11:1947-1951.

Manau D, Balasch J, Jimenez W, Fabregues F, Casamitjana R, Creus M,
Arroyo V, Vanrell JA: Adrenomedaullin and nitric oxide in men-
strual and in vitro fertilization cycles. Relationship to
estradiol. Acta Obstet Gynecol Scand 1999, 78:626-631.

Fabregues F, Balasch ], Manau D, Creus M, Jimenez W, Carmona F,
Casamit |, Vanrell JA: Circulating levels of nitric oxide in suc-
cessful and unsuccessful implantation after in vitro fertiliza-
tion and embryo transfer. Relationship to estradiol and
progesterone. Acta Obstet Gynecol Scand 2000, 79:564-569.

Manau D, Balasch J, Jimenez W, Fabregues F, Civico S, Casamitjana R,
Creus M, Vanrell JA: Follicular fluid concentrations of
adrenomedullin, vascular endothelial growth factor and
nitric oxide in IVF cycles: relationship to ovarian response.
Hum Reprod 2000, 15:1295-1299.

Page 19 of 21

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9626147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15474067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15474067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7490532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7490532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7490532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12626139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12626139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11433215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11433215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9070716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9070716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9070716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9239673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9239673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8582980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8582980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8582980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8796805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8796805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8796805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10655461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10655461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10655461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7538147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7538147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10065874
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10065874
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10065874
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14667883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14667883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14667883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15471931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15471931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15471931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9153294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9153294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9153294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15191613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15191613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15191613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10733023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10733023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10733023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15237000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15237000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15237000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10470408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10470408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11302723
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11302723
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11165736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11165736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11165736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7805914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7805914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9455858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9455858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9455858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12372469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12372469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12372469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14645189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14645189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14645189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11098019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11098019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11425809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11425809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11425809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1672675
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1672675
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1672675
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14667898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14667898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14667898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10559662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10559662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8671502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8671502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8671502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15374700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15374700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15374700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8941078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8941078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10775642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10775642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10775642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8921069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8921069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8921069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10422910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10422910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10422910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10929956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10929956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10929956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10831558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10831558

Reproductive Biology and Endocrinology 2005, 3:28

146.

147.

148.

149.

150.

I151.

152.
153.

154.

155.

156.

157.

158.

159.

160.

l61.

162.

163.

164.

165.

Battaglia C, Salvatori M, Maxia N, Petraglia F, Facchinetti F, Volpe A:
Adjuvant L-arginine treatment for in-vitro fertilization in
poor responder patients. Hum Reprod 1999, 14:1690-1697.
Battaglia C, Regnani G, Marsella T, Facchinetti F, Volpe A, Venturoli
S, Flamigni C: Adjuvant L-arginine treatment in controlled
ovarian hyperstimulation: a double-blind, randomized study.
Hum Reprod 2002, 17:659-665.

Barrionuevo MJ, Schwandt RA, Rao PS, Graham LB, Maisel LP, Yeko
TR: Nitric oxide (NO) and interleukin-lbeta (IL-1beta) in fol-
licular fluid and their correlation with fertilization and
embryo cleavage. Am | Reprod Immunol 2000, 44:359-364.

Hata T, Hashimoto M, Manabe A, Aoki S, lida K, Masumura S, Miyazaki
K: Maternal and fetal nitric oxide synthesis is decreased in
pregnancies with small for gestational age infants. Hum
Reprod 1998, 13:1070-1073.

Lees C, Campbell S, Jauniaux E, Brown R, Ramsay B, Gibb D, Moncada
S, Martin JF: Arrest of preterm labour and prolongation of ges-
tation with glyceryl trinitrate, a nitric oxide donor. Lancet
1994, 343:1325-1326.

Braude P, Rowell P: Assisted conception. Il — in vitro fertilisa-
tion and intracytoplasmic sperm injection. BM/ 2003,
327:852-855.

Isaksson R, Tiitinen A: Present concept of unexplained
infertility. Gynecol Endocrinol 2004, 18:278-290.

Bedaiwy MA, Falcone T, Mohamed MS, Aleem AA, Sharma RK, Wor-
ley SE, Thornton J, Agarwal A: Differential growth of human
embryos in vitro: role of reactive oxygen species. Fertil Steril
2004, 82:593-600.

Oyawoye O, Abdel Gadir A, Garner A, Constantinovici N, Perrett C,
Hardiman P: Antioxidants and reactive oxygen species in fol-
licular fluid of women undergoing IVF: relationship to
outcome. Hum Reprod 2003, 18:2270-2274.

Paszkowski T, Clarke RN, Hornstein MD: Smoking induces oxida-
tive stress inside the Graafian follicle. Hum Reprod 2002,
17:921-925.

Van Blerkom J, Antczak M, Schrader R: The developmental poten-
tial of the human oocyte is related to the dissolved oxygen
content of follicular fluid: association with vascular endothe-
lial growth factor levels and perifollicular blood flow
characteristics. Hum Reprod 1997, 12:1047-1055.

Yang HW, Hwang K], Kwon HC, Kim HS, Choi KW, Oh KS: Detec-
tion of reactive oxygen species (ROS) and apoptosis in
human fragmented embryos. Hum Reprod 1998, 13:998-1002.
Kurzawa R, Glabowski W, Baczkowski T, Wiszniewska B, Marchle-
wicz M: Growth factors protect in vitro cultured embryos
from the consequences of oxidative stress. Zygote 2004,
12:231-240.

Reubinoff BE, Har-El R, Kitrossky N, Friedler S, Levi R, Lewin A, Che-
vion M: Increased levels of redox-active iron in follicular fluid:
a possible cause of free radical-mediated infertility in beta-
thalassemia major. Am | Obstet Gynecol 1996, 174:914-918.
Wiener-Megnazi Z, Vardi L, Lissak A, Shnizer S, Zeev Reznick A, Ishai
D, Lahav-Baratz S, Shiloh H, Koifman M, Dirnfeld M: Oxidative
stress indices in follicular fluid as measured by the thermo-
chemiluminescence assay correlate with outcome parame-
ters in in vitro fertilization. Fertil Sterii 2004, 82(Suppl
3):1171-1176.

Torok A, Nemeth P, Torok B, Berki T, Tinneberg HR, Bodis J:
Organic hydroperoxide-induced chemiluminescence of fol-
licular fluid and blood serum samples obtained from women
pretreated for in vitro fertilization. Gynecol Obstet Invest 2004,
57:72-79.

Shiverick KT, Salafia C: Cigarette smoking and pregnancy I:
ovarian, uterine and placental effects. Placenta 1999,
20:265-272.

Schweigert FJ, Steinhagen B, Raila ], Siemann A, Peet D, Buscher U:
Concentrations of carotenoids, retinol and alpha-tocopherol
in plasma and follicular fluid of women undergoing IVF. Hum
Reprod 2003, 18:1259-1264.

Takasaki A, Nakamura Y, Tamura H, Shimamura K, Morioka H: Mela-
tonin as a new drug for improving oocyte quality. Reprod Med
Biol 2003, 2:139-144.

Harvey A, Kind KL, Thompson |G: REDOX regulation of early
embryo development. Reproduction 2002, 123:479-486.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.
182.

183.

184.

185.

186.
187.

http://www.rbej.com/content/3/1/28

Knott L, Hartridge T, Brown NL, Mansell JP, Sandy JR: Homo-
cysteine oxidation and apoptosis: a potential cause of cleft
palate. In Vitro Cell Dev Biol Anim 2003, 39:98-105.

Parman T, Wiley MJ, Wells PG: Free radical-mediated oxidative
DNA damage in the mechanism of thalidomide
teratogenicity. Nat Med 1999, 5:582-585.

Burton GJ, Hempstock J, Jauniaux E: Oxygen, early embryonic
metabolism and free radical-mediated embryopathies.
Reprod Biomed Online 2003, 6:84-96.

Wentzel P, Welsh N, Eriksson U): Developmental damage,
increased lipid peroxidation, diminished cyclooxygenase-2
gene expression, and lowered prostaglandin E2 levels in rat
embryos exposed to a diabetic environment. Diabetes 1999,
48:813-820.

Nicol CJ, Zielenski J, Tsui LC, Wells PG: An embryoprotective
role for glucose-6-phosphate dehydrogenase in developmen-
tal oxidative stress and chemical teratogenesis. Faseb | 2000,
14:111-127.

Dumoulin JC, Meijers CJ, Bras M, Coonen E, Geraedts |P, Evers JL:
Effect of oxygen concentration on human in-vitro fertiliza-
tion and embryo culture. Hum Reprod 1999, 14:465-469.
Kitagawa Y, Suzuki K, Yoneda A, Watanabe T: Effects of oxygen
concentration and antioxidants on the in vitro developmen-
tal ability, production of reactive oxygen species (ROS), and
DNA fragmentation in porcine embryos. Theriogenology 2004,
62:1186-1197.

Paszkowski T, Clarke RN: Antioxidative capacity of preimplan-
tation embryo culture medium declines following the incu-
bation of poor quality embryos. Hum Reprod 1996,
11:2493-2495.

Ermilov A, Diamond MP, Sacco AG, Dozortsev DD: Culture media
and their components differ in their ability to scavenge reac-
tive oxygen species in the plasmid relaxation assay. Fertil Steril
1999, 72:154-157.

Agarwal A, Nallella KP, Allamaneni SS, Said TM: Role of antioxi-
dants in treatment of male infertility: an overview of the
literature. Reprod Biomed Online 2004, 8:616-627.

Henmi H, Endo T, Kitajima Y, Manase K, Hata H, Kudo R: Effects of
ascorbic acid supplementation on serum progesterone levels
in patients with a luteal phase defect. Fertil Sterii 2003,
80:459-461.

Vural P, Akgul C, Yildirim A, Canbaz M: Antioxidant defence in
recurrent abortion. Clin Chim Acta 2000, 295:169-177.

Crha |, Hruba D, Ventruba P, Fiala |, Totusek ], Visnova H: Ascorbic
acid and infertility treatment. Cent Eur | Public Health 2003,
11:63-67.

Westphal LM, Polan ML, Trant AS, Mooney SB: A nutritional sup-
plement for improving fertility in women: a pilot study. |
Reprod Med 2004, 49:289-293.

Griesinger G, Franke K, Kinast C, Kutzelnigg A, Riedinger S, Kulin S,
Kaali SG, Feichtinger W: Ascorbic acid supplement during luteal
phase in IVF. ] Assist Reprod Genet 2002, 19:164-168.

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

Lane M, Maybach JM, Gardner DK: Addition of ascorbate during
cryopreservation stimulates subsequent embryo
development. Hum Reprod 2002, 17:2686-2693.

Chui DK, Pugh ND, Walker SM, Gregory L, Shaw RW: Follicular
vascularity — the predictive value of transvaginal power Dop-
pler ultrasonography in an in-vitro fertilization programme:
a preliminary study. Hum Reprod 1997, 12:191-196.

Sher G, Fisch JD: Vaginal sildenafil (Viagra): a preliminary
report of a novel method to improve uterine artery blood
flow and endometrial development in patients undergoing
IVF. Hum Reprod 2000, 15:806-809.

Sher G, Fisch |D: Effect of vaginal sildenafil on the outcome of
in vitro fertilization (IVF) after multiple IVF failures attrib-
uted to poor endometrial development. Fertil Steril 2002,
78:1073-1076.

Lornage J: Biological aspects of endometriosis in vitro
fertilization. | Gynecol Obstet Biol Reprod (Paris) 2003, 32:548-50.
Tarin J): Potential effects of age-associated oxidative stress on
mammalian oocytes/embryos. Mol Hum Reprod 1996,
2:717-724.

Page 20 of 21

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10402369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10402369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10402369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11870119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11870119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11200815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11200815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11200815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9619572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9619572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7910325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7910325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14551103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14551103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15346664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15346664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15374701
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15374701
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14585872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14585872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14585872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11925382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11925382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9194664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9194664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9194664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9619561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9619561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9619561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15521713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15521713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8633668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8633668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8633668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15474091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15474091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15474091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14671414
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14671414
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14671414
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10329346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10329346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12773456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12773456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12773456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11914110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11914110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12892533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12892533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12892533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10229238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10229238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10229238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12626148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12626148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10102698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10102698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10102698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10627286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10627286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10627286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10099995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10099995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10099995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15325546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15325546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15325546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8981142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8981142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8981142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10428165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10428165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10428165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15169573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15169573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15169573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12909517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12909517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12909517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10767402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10767402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12884545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12884545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15134155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15134155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12036083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12036083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11041525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11041525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12351549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12351549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12351549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9043927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9043927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9043927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10739824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10739824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10739824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12413996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12413996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12413996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14968070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14968070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9239688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9239688

Reproductive Biology and Endocrinology 2005, 3:28

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.
204.

205.

206.

207.

Tarin J), Perez-Albala S, Cano A: Consequences on offspring of
abnormal function in ageing gametes. Hum Reprod Update
2000, 6:532-549.

Arteaga E, Villaseca P, Rojas A, Arteaga A, Bianchi M: Comparison
of the antioxidant effect of estriol and estradiol on low den-
sity lipoproteins in post-menopausal women. Rev Med Chil
1998, 126:481-487.

Tamir S, Izrael S, Vaya J: The effect of oxidative stress on ERal-
pha and ERbeta expression. | Steroid Biochem Mol Biol 2002,
81:327-232.

Villar J, Say L, Shennan A, Lindheimer M, Duley L, Conde-Agudelo A,
Merialdi M: Methodological and technical issues related to the
diagnosis, screening, prevention, and treatment of pre-
eclampsia and eclampsia. Int | Gynaecol Obstet 2004, 85(Suppl
1):528-541.

Harma M, Erel O: Measurement of the total antioxidant
response in preeclampsia with a novel automated method.
Eur ] Obstet Gynecol Reprod Biol 2005, 118:47-51.

Aydin S, Benian A, Madazli R, Uludag S, Uzun H, Kaya S: Plasma
malondialdehyde, superoxide dismutase, sE-selectin,
fibronectin, endothelin-1 and nitric oxide levels in women
with preeclampsia. Eur | Obstet Gynecol Reprod Biol 2004,
113:21-25.

Mikhail MS, Anyaegbunam A, Garfinkel D, Palan PR, Basu J, Romney
SL: Preeclampsia and antioxidant nutrients: decreased
plasma levels of reduced ascorbic acid, alpha-tocopherol,
and beta-carotene in women with preeclampsia. Am | Obstet
Gynecol 1994, 171:150-157.

Pijnenborg R, Dixon G, Robertson WB, Brosens |: Trophoblastic
invasion of human decidua from 8 to 18 weeks of pregnancy.
Placenta 1980, 1:3-19.

Chappell LC, Seed PT, Briley AL, Kelly FJ, Lee R, Hunt BJ, Parmar K,
Bewley §J, Shennan AH, Steer P), Poston L: Effect of antioxidants
on the occurrence of pre-eclampsia in women at increased
risk: a randomised trial. Lancet 1999, 354:810-816.

Gulmezoglu AM, Hofmeyr GJ, Oosthuisen MM: Antioxidants in the
treatment of severe pre-eclampsia: an explanatory ran-
domised controlled trial. BrJ Obstet Gynaecol 1997, 104:689-696.
Beazley D, Ahokas R, Livingston J, Griggs M, Sibai BM: Vitamin C
and E supplementation in women at high risk for preeclamp-
sia: a double-blind, placebo-controlled trial. Am J Obstet Gynecol
2005, 192:520-521.

Jauniaux E, Hempstock ], Greenwold N, Burton GJ: Trophoblastic
oxidative stress in relation to temporal and regional differ-
ences in maternal placental blood flow in normal and abnor-
mal early pregnancies. Am | Pathol 2003, 162:115-125.

Jauniaux E, Cindrova-Davies T, Johns ], Dunster C, Hempstock J, Kelly
FJ, Burton GJ: Distribution and transfer pathways of antioxi-
dant molecules inside the first trimester human gestational
sac. | Clin Endocrinol Metab 2004, 89:1452-1458.

Miller H, Wilson R, Jenkins C, MacLean MA, Roberts ], Walker JJ:
Glutathione levels and miscarriage. Fertil Steril 2000,
74:1257-1258.

Sata F, Yamada H, Kondo T, Gong Y, Tozaki S, Kobashi G, Kato EH,
Fujimoto S, Kishi R: Glutathione S-transferase M1 and T1 poly-
morphisms and the risk of recurrent pregnancy loss. Mol Hum
Reprod 2003, 9:165-169.

Cramer DW, Wise LA: The epidemiology of recurrent preg-
nancy loss. Semin Reprod Med 2000, 18:331-339.

Comporti M, Signorini C, Leoncini S, Buonocore G, Rossi V, Ciccoli
L: Plasma F2-isoprostanes are elevated in newborns and
inversely correlated to gestational age. Free Radic Biol Med
2004, 37:724-732.

Ekerhovd E, Weijdegard B, Brannstrom M, Mattsby-Baltzer |,
Norstrom A: Nitric oxide induced cervical ripening in the
human: Involvement of cyclic guanosine monophosphate,
prostaglandin F(2 alpha), and prostaglandin E(2). Am J Obstet
Gynecol 2002, 186:745-750.

Plessinger MA, Woods JR Jr, Miller RK: Pretreatment of human
amnion-chorion with vitamins C and E prevents hypochlo-
rous acid-induced damage. Am | Obstet Gynecol 2000,
183:979-985.

Siega-Riz AM, Promislow JH, Savitz DA, Thorp JM Jr, McDonald T:
Vitamin C intake and the risk of preterm delivery. Am | Obstet
Gynecol 2003, 189:519-525.

208.

209.

210.

211.

212.

http://www.rbej.com/content/3/1/28

Holmes VA, Young IS, Maresh M), Pearson DW, Walker |D, McCance
DR: The Diabetes and Pre-eclampsia Intervention Trial. Int |
Gynaecol Obstet 2004, 87:66-71.

Mayne ST, Wright ME, Cartmel B: Assessment of antioxidant
nutrient intake and status for epidemiologic research. | Nutr
2004, 134:3199S-3200S.

Kupka R, Msamanga GI, Spiegelman D, Morris S, Mugusi F, Hunter D),
Fawzi WW: Selenium status is associated with accelerated
HIV disease progression among HIV-I-infected pregnant
women in Tanzania. | Nutr 2004, 134:2556-2560.

Fawzi W, Msamanga G: Micronutrients and adverse pregnancy
outcomes in the context of HIV infection. Nutr Rev 2004,
62:269-275.

Mates M: Effects of antioxidant enzymes in the molecular con-
trol of reactive oxygen species toxicology. Toxicology 2000,
153:83-104.

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central

O BioMedcentral

« yours — you keep the copyright

Page 21 of 21

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11129687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11129687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9731428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9731428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9731428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12361722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12361722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15147852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15147852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15147852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15596272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15596272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15036705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15036705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15036705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8030691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8030691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8030691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7443635
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7443635
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10485722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10485722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10485722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9197872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9197872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9197872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15695996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15695996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15695996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12507895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12507895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12507895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15001647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15001647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15001647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11119764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11119764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12606593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12606593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11355791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11355791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15288129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15288129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11967501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11967501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11967501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11035350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11035350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11035350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14520228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14520228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15464786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15514306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15514306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15465747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15465747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15465747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15384917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15384917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11090949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11090949
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Review
	1. Oxidative Stress
	1.1 Free radicals
	1.2 Reactive oxygen species
	1.3 Reactive nitrogen species
	1.4 Antioxidants
	1.5 Enzymatic antioxidants
	1.6 Non-enzymatic antioxidants
	1.7. Oxidative stress in female reproduction
	1.8 Measurement of oxidative stress
	Table 2


	2. Oxidative Stress & Female Infertility
	2.1 Pathophysiology of oxidative stress in female reproduction
	2.2 Cytokines, oxidative stress and female reproduction
	2.3 Reactive oxygen species and mediators of angiogenesis
	2.4 Reactive oxygen species and the endometrium
	2.5 ROS and endometriosis
	2.6 Reactive oxygen species and the ovary
	2.7 Nitric Oxide synthase in female reproduction
	2.8 Nitric oxide synthase and fallopian tubes
	2.9 Nitric oxide synthase, endometrium, and myometrium
	2.10 Nitric oxide synthase and endometriosis
	2.11 Nitric oxide synthase and the ovary

	3. Assisted reproduction
	3.1 Oxidative stress and its impact on ART
	3.2 Redox and early embryo development
	3.3 Effect of oxygen concentration on in-vitro embryo development
	3.4 Role of ROS in IVF media
	3.5 Strategies to overcome oxidative stress in infertility/ART
	3.6 Critical review of OS, ovary and ART

	4. Age related fertility decline, Menopause and ROS
	5. Oxidative stress and pregnancy
	5.1 Oxidative stress and pre-eclampsia
	5.2 Placental oxidative stress and Pre-eclampsia
	5.3 Interventions to overcome oxidative stress in pre-eclampsia
	5.4 Redox and miscarriage
	5.5 Term labor and the role of oxidative stress
	5.6 Interventions to overcome oxidative stress during pregnancy

	6. Future perspectives in antioxidant therapy

	7. Conclusion
	Legend
	Acknowledgements
	References



