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Abstract
Oxidative stress is implicated in the pathophysiology of many reproductive complications including infertility, miscarriage, pre-eclampsia, fetal growth

restriction and preterm labour. The presence of excess reactive oxygen species can lead to cellular damage of deoxyribonucleic acids, lipids and proteins.

Antioxidants protect cells from peroxidation reactions, limiting cellular damage and helping to maintain cellular membrane integrity. There is overwhelm-

ing evidence for oxidative stress causing harm in reproduction. However, there is sparse evidence that supplementation with commonly used antioxidants

(mostly vitamins C and E) makes any difference in overcoming oxidative stress or reversing disease processes. There may be potential for antioxidant

therapy to ameliorate or prevent disease, but this requires a thorough understanding of the mechanism of action and specificity of currently used

antioxidants.
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Introduction

Oxidative stress has been implicated in the pathophysiology of numer-

ous diseases. Reactive oxygen species (ROS) are molecules containing

contain at least one atom of oxygen and which have the potential to

generate free radicals. At a physiological level, they are involved in cell

signalling pathways, important to cellular function.1 However, the

presence of excess ROS can lead to cellular damage of DNA, lipids

and cellular proteins.2 Antioxidants protect cells from peroxidation

reactions, limiting cellular damage and helping to maintain cellular

membrane integrity. The term ‘oxidative stress’ is defined as an imbal-

ance between pro- and antioxidant capacity. It is recognised to be a

feature of acute and chronic diseases including cardiovascular,3 neuro-

degenerative4 and malignant disease.5 Oxidative stress has been impli-

cated in many reproductive and pregnancy disorders, from subfertility

to miscarriage, maternal vascular disease and preterm labour.

Antioxidant enzymes include glutathione peroxidase and superoxide

dismutase, which are dependent on co-factors including selenium,

zinc and iron. There may be potential for antioxidant therapy to ameli-

orate or prevent disease. Common antioxidants used in therapy include

vitamins A, C and E, selenium, folic acid and flavonoids. This review

will discuss the evidence for oxidative stress causing disease in human

reproduction and the role of antioxidants.

Fertility

High levels of ROS in semen have been reported in men with reduced

sperm motility.6 In vitro studies have supported the role for antioxi-

dants in improving sperm motility.7 However, a recent systematic

review of 48 randomised controlled trials revealed only four studies

of 277 men, with low-quality evidence of an improvement in clinical

pregnancy rates following antioxidant supplementation in men with

subfertility (OR 4.21, 95% CI 2.08 to 8.51, P50.0001).8

Oocyte quality is also affected by oxidative stress. ROS play an

important role in cellular signalling for the induction of meiosis in

the oocyte; yet conversely, high levels of ROS have been shown to

impair oocyte maturation.9 Some evidence suggest that oocyte quality

may be affected by an increase in ROS associated with advancing

maternal age. Murine models have shown improved quantity and qual-

ity of oocytes with supplementation with vitamins C and E, somewhat

counteracting the effect of ageing.10 A small study of women

undergoing IVF demonstrated a significant decrease in glutathione

transferase and catalase, both associated with ROS scavenging cap-

acity, in aspirates from ovarian follicular fluid from older women.11

Subfertility has been associated with cigarette smoking and alcohol

consumption, in part thought to be mediated by an increase in ROS.12

A raised maternal body mass index has been shown to impact on

female fertility, partially through menstrual irregularity and also

increased spontaneous miscarriage rates have been documented.13

Normal pregnancy is associated with components of the metabolic

syndrome: insulin resistance, hypertriglyceridemia, an up-regulation

of the inflammatory cascade. Obese women experience an exaggeration

of this metabolic adaptation and increased risk of pregnancy adverse

outcome.14 Lipid peroxides are increased in normal pregnancy,15 but

few findings are available for oxidative stress in obese pregnancy.

Despite in vitro evidence to support a role for increased oxidative

stress in impaired fertility, and some evidence for improved outcomes

in animal models with antioxidants, a recent systematic review of ran-

domised controlled trials comparing any type or dose of oral antioxi-

dant use for women with subfertility found that their use was not

associated with an increased clinical pregnancy or live birth rate (OR

1.25, 95% CI 0.19 to 8.26, P¼ 0.82).16

Miscarriage

The majority of miscarriages are associated with genetic or chromo-

somal abnormalities in the developing embryo. Miscarriage affects

approximately 25% of all pregnancies, the majority of which occur in

the first trimester. Increased free radicals and ROS have been implicated

in the pathophysiology of early pregnancy loss. There is evidence of

rising mRNA and activity of antioxidant enzymes at the time when

oxygen tension rises within the placental bed, during the period of

normal placental differentiation.17 However, substantial increases in oxi-

dative stress18 and loss of antioxidant defences19 are associated with
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early pregnancy loss. Serum prolidase, total antioxidant capacity and

sulfhydryl levels (markers of oxidative stress) have been demonstrated to

be significantly correlated in women with early pregnancy loss.20

Increased generation of ROS in blood granulocytes has been seen

in women with recurrent miscarriages when compared to controls.21

Transgenic mice bred with mitochondrial respiratory chain dysfunc-

tion, and therefore increased oxidative stress, exhibit reduced fertility

and increased miscarriage rates.22 Peroxiredoxins are a family of anti-

oxidant proteins expressed by cytotrophoblastic cells. There is evidence

to suggest that downregulation of these proteins is associated with

miscarriage.23

Pre-eclampsia and fetal growth restriction

Pre-eclampsia is a disorder associated with abnormal placentation and

excessive maternal inflammatory vascular response. The mechanisms

underpinning the development of pre-eclampsia are not fully under-

stood, but dysfunction of vascular endothelium is thought to be central

to the pathophysiology of the disease. Imperative to adequate placental

function is the development of its vascular bed. In normal pregnancies,

fetal cytotrophoblasts invade maternal spiral arterioles and enhance

expansion of the vascular network. Pre-eclampsia is associated with

abnormal trophoblastic invasion, leading to an alteration in this vas-

cular remodelling and causing placental insufficiency.24 Some degree of

hypoxia is thought to be essential in the normal placentation process,

but defective trophoblastic invasion and remodelling of the uterine

spiral arteries seen in pre-eclampsia is thought to result in excessive

hypoxia at the placental bed.25 Pregnancies complicated by pre-

eclampsia demonstrate increased indices of systemic oxidative stress

when compared to normotensive counterparts.26

There is considerable scientific evidence to support oxidative stress

in placental disease. Mitochondria are sources of ROS, and a small

study has shown a 47% increase in mitochondrial protein in placental

samples from pre-eclamptic pregnancies versus normotensive con-

trols.27 Lipid peroxides are formed in the placenta due to membrane

disruption by ROS and studies have shown significantly higher mar-

kers of lipid peroxidation in pre-eclampsia.28,29 Xanthine oxidase has

been associated with reperfusion injury following periods of ischaemia

via the generation of ROS and cytotrophoblasts from pre-eclamptic

pregnancies have shown an increase in xanthine oxidase activity.30 The

lumen of placental endoplasmic reticulum is the site responsible for

protein synthesis and processing. Disturbance of normal homeostatic

conditions, such as hypoxia induced oxidative stress, has been demon-

strated to lead to an increase in luminal misfolded proteins, which can

lead to cellular apoptosis.31 It is hypothesised that this pathway of

apoptosis and protein misfolding at the placental interface may con-

tribute to fetal growth restriction and promote the maternal pre-

eclampsia syndrome via cytokine cascade and prostaglandin synthesis.2

In normal pregnancy, haemodynamic balance is determined by a

number of circulating factors including prostaglandins, tipped in

favour of vasodilatory prostaglandins (PGI2 and PGE). However, in

women with preeclampsia, there is a relative increase in the vasocon-

stricting prostaglandins (thromboxane A2 and PGF2 alpha) such that

the haemodynamic state often becomes vasoconstrictive.32

Isoprostanes are free-radical-catalysed prostaglandin isomers, con-

sidered to be reliable indicators of in vivo oxygen stress and lipid

peroxidation, and are found to be raised in pre-eclampsia, reflective

of this vasoconstrictive state.33

Uteroplacental insufficiency, due to reduced perfusion at spiral

arterioles, is well recognised to cause fetal growth restriction. Markers

of oxidative stress, including increased lipid peroxides34 and xanthine

oxidase,35 have been seen in maternal serum, umbilical cord and placen-

tal tissue of pregnancies complicated with fetal growth restriction.

The weight of evidence of oxidative stress playing a key role in the

development of pre-eclampsia led to the hypothesis that antioxidant

supplementation might have a role in preventing the disease. A large,

randomised placebo-controlled trial investigated supplementation of

women at increased risk of developing pre-eclampsia with vitamins C

and E, and found no evidence that these antioxidants prevented the

disorder.36 Evidence from a recent meta-analysis of over 6500 women

supplemented with any oral antioxidant, for any duration did not sup-

port their use for the prevention of pre-eclampsia (RR 0.73, 95% con-

fidence intervals (CI) 0.51 to 1.06).37 In this analysis, antioxidants were

found to be associated with an increased risk of antihypertensive ther-

apy and antenatal admissions for hypertension, although this was not

reflected in an increase in cases of pre-eclampsia. They were also found

to be associated with an increased risk of preterm birth (vitamin C) in a

small trial. It may be that antioxidant therapy has different effects in

women with different risk factors, or that oxidative stress is relevant in

the pathogenesis in only a subset of women. The women may already

have had adequate concentrations of vitamins C and E before ther-

apy38 or the timing of the administration of antioxidants may be

important. Burton and Jauniaux found that the initiation of intervil-

lous blood flow at 8 to 10 weeks of gestation was associated with a

burst of oxidative stress; it may be that antioxidants need to be present

at the time of a relevant pro-oxidant challenge.39

Preterm labour and preterm pre-labour
rupture of membranes

The underlying mechanisms leading to spontaneous preterm labour are

not fully understood. Evidence for oxidative stress in women with cer-

vical incompetence is inconsistent,40 and this may reflect the heteroge-

neous nature of this population. Another study has reported

significantly decreased serum selenium concentrations in women who

went on to deliver preterm compared to controls.41

At term, oxidative stress is associated with placental membrane

disruption and is thought to contribute to the onset of labour.42 It is

thought that oxidative stress may be in part responsible for some cases

of preterm pre-labour rupture of membranes (PPROM), possibly

mediated through infection. Degradation of collagens within the chor-

ioamnion may cause a defect and rupture in the fetal membranes caus-

ing a leak of amniotic fluid. Bacteria may play an important role in this

process, with generation of ROS from immune cells as they kill bac-

teria, thought to damage amnion.43 Matrix metalloproteinase activity,

a marker of oxidative stress, has been shown to be increased in human

fetal membranes exposed to superoxide anions (a by-product of macro-

phages and neutrophils).44 Fetal telomere length (a marker of cellular

biological age and measured as a surrogate for oxidative stress) from

cord blood leucocytes is decreased in PPROM compared to preterm

labour with intact membranes, suggesting acceleration of cellular

ageing in the PPROM group via oxidative stress.45 Analysis of amni-

otic fluid samples collected by transabdominal amniocentesis in women

with PPROM demonstrates decreased total antioxidant capacity, but

no difference in markers of oxidative stress regardless of whether

microbial invasion or frank chorioamnionitis was present or not.46

In vitro studies of chorioamnion membranes exposed to antioxidants

(vitamins C and E) resist ROS-induced tissue damage.47 In spite of this

theoretical evidence, secondary analyses have not confirmed that sup-

plementation with vitamins C and E is protective in women with

PPROM.48

Analysis of ROS and total antioxidant potential in cord blood from

preterm infants demonstrate that preterm infants have significantly

decreased antioxidant potential when compared to term counterparts.49

This lack of antioxidant capacity leaves preterm neonates susceptible to

ROS-induced cellular damage with associated bronchopulmonary dys-

plasia and retinopathy.50

Conclusion and future directions

This review has summarised the evidence for oxidative stress causing

harm in reproduction. However, the paradox remains that therapy

with antioxidants in a range of disorders has been disappointing or
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even harmful, and the explanation for this remains elusive. Some early

trials demonstrated that antioxidant therapy reversed markers of oxi-

dative stress,51 but subsequent large trials have shown no effect on

clinical outcomes. Oxidative stress may be a bystander phenomenon,

rather than fundamental to the aetiology of some of these diseases.

Other explanations may relate to unintended effects of antioxidant

supplementation; for example, vitamin E has many isoforms, and

therapeutic preparations of alpha tocopherol result in competitive

inhibition of gamma tocopherol, itself associated with anti-inflamma-

tory properties.2

Antioxidant enzymes include glutathione peroxidase and super-

oxide dismutase, which are dependent on co-factors including selen-

ium, zinc and iron. It may be naı̈ve to assume that the mechanism of

action and specificity of currently used antioxidants is correct for all

diseases associated with oxidative stress. The negative findings of

therapeutic trials may discourage research in this area, but scientific

mechanisms of disease are needed, particularly mechanism of antioxi-

dant therapy, before further large-scale trials of antioxidant therapy

are funded. Other trials investigating prophylactic agents to prevent

pre-eclampsia are ongoing. For example, the FACT trial (high-dose

folic acid supplementation throughout pregnancy for the pre-eclampsia

prevention), a randomised, double-blind placebo-controlled efficacy

study has recently finished recruiting and final data collection is

ongoing. Well-designed basic science and clinical trials need to be pur-

sued together if we are to impact on outcomes in pregnancy and

reproduction.
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