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Abstract

Pregnancy is a complex physiological state characterized by dynamic changes in the maternal body to support fetal growth
and development. However, this intricate process can also lead to increased oxidative stress, characterized by an imbalance
between the productions of reactive oxygen species (ROS) and the body’s ability to neutralize them. Excessive oxidative stress
during pregnancy has been linked to various gestational complications, including preeclampsia, gestational diabetes, and
preterm birth, highlighting the need for interventions to enhance maternal and fetal well-being. Antioxidant therapy has
emerged as a promising approach to counteract oxidative stress and mitigate its adverse effects during pregnancy. This review
explores the current state of knowledge regarding the role of antioxidants in pregnancy, focusing on their potential benefits in

improving maternal health and optimizing fetal development.
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Introduction

Pregnancy, a remarkable and complex physiological
journey, involves dynamic adaptations in the maternal body
to nurture and sustain fetal growth [1,2]. These intricate
processes, orchestrated by a myriad of hormonal and
metabolic changes, create a delicate balance that is pivotal
for the well-being of both the mother and the developing
fetus. Central to this equilibrium is the maintenance of
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redox balance, ensuring that reactive oxygen species (ROS)
are regulated within a physiological range. However, the
increased metabolic demands of pregnancy and the extensive
remodeling of maternal tissues create an environment where
the generation of ROS can surpass the body’s antioxidant
defense mechanisms, leading to oxidative stress [3-12].
Oxidative stress during pregnancy is a double-edged sword,
as it plays a crucial role in various physiological processes
such as embryonic development, implantation, and placental
function. Yet, when this delicate balance is disrupted,
oxidative stress becomes a contributing factor to gestational
complications. Preeclampsia, gestational diabetes, and
preterm birth are among the serious conditions linked to
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an overabundalZnce of ROS. As our understanding of the
intricate molecular pathways involved in these processes
grows, so does the interest in interventions aimed at
modulating oxidative stress to optimize maternal and fetal
outcomes[13-17]. The placenta, acting as the vital interface
between the maternal and fetal circulations, is particularly
susceptible to oxidative damage. Its compromised function
can have far-reaching consequences for fetal development.
Antioxidant defense mechanisms, comprising enzymatic
and non-enzymatic systems, are the body’s frontline against
oxidative stress [18-22].

Sources of Oxidative Stress in Pregnancy

The powerhouse of the cell, mitochondria, is a key
player in energy production and a significant source of
reactive oxygen species (ROS). During pregnancy, increased
metabolic demands can lead to mitochondrial dysfunction,
disrupting the electron transport chain and promoting
ROS generation. The delicate balance required for efficient
energy production becomes susceptible to oxidative stress,
impacting cellular function and contributing to gestational
complications. Inflammatory processes, integral to the
immune response, are heightened during pregnancy to
support fetal development and protect against infections.
However, an exaggerated or prolonged inflammatory
response can lead to an overproduction of ROS. In conditions
like preeclampsia and infections, the inflammatory cascade
may become dysregulated, fostering oxidative stress and
jeopardizing the delicate harmony required for successful
gestation [23-27].

Environmental stressors, including exposure to
pollutants, cigarette smoke, and certain medications, can
introduce exogenous sources of oxidative stress during
pregnancy. Xenobiotic and environmental toxins can initiate
ROS production, placing additional strain on the maternal
antioxidant defense systems. Understanding and mitigating
these external contributors is crucial in preventing oxidative
stress-related complications. Pregnancy induces significant
hormonal fluctuations, including elevated levels of estrogen,
progesterone, and human chorionic gonadotropin (hCG).
While essential for maintaining pregnancy, these hormonal
shifts can also contribute to oxidative stress. For instance,
elevated estrogen levels have been associated with increased
ROS production, potentially impacting placental function
and vascular health. Iron is vital for fetal development,
but an excess can lead to iron overload and subsequent
oxidative stress. The iron content in the maternal diet,
coupled with increased iron absorption during pregnancy,
poses a potential risk. Uncontrolled iron levels can catalyze
the formation of free radicals through Fenton reactions,
disrupting cellular homeostasis. The placenta, a pivotal organ
in pregnancy, is vulnerable to oxidative damage due to its role
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in nutrient exchange and hormone production. Inadequate
perfusion, ischemia-reperfusion events, and alterations
in placental blood flow can instigate oxidative stress,
negatively impacting fetal development and contributing to
conditions such as intrauterine growth restriction (IUGR).
Advanced maternal age and certain lifestyle choices, such
as a sedentary lifestyle, poor dietary habits, and obesity,
can exacerbate oxidative stress. Aging is associated with a
decline in antioxidant defense mechanisms, rendering older
mothers more susceptible to oxidative damage. Lifestyle
factors further influence the redox balance, emphasizing
the importance of holistic maternal health in preventing
gestational complications [27-47].

Antioxidant Defense Mechanisms

SOD is a pivotal enzyme that catalyzes the dismutation
of superoxide radicals into hydrogen peroxide and molecular
oxygen. This process constitutes the first line of defense
against the superoxide radicals generated during various
cellular activities. In pregnancy, SOD plays a crucial role in
mitigating oxidative stress, especially in the placenta, where
its activity is elevated to protect against potential damage.
Operating primarily in peroxisomes, catalase converts
hydrogen peroxide into water and oxygen, preventing
the accumulation of this reactive species. In the context of
pregnancy, catalase is essential for maintaining redox balance
within cells and tissues, safeguarding against oxidative
damage to vital structures like the placenta. GPx is a selenium-
dependent enzyme responsible for detoxifying hydrogen
peroxide and lipid hydroperoxides by utilizing reduced
glutathione. In pregnancy, GPx is critical for protecting
maternal and fetal tissues from oxidative stress, and its
activity is often up regulated to counterbalance the increased
production of free radicals. As a water-soluble antioxidant,
vitamin C scavenges free radicals and regenerates other
antioxidants, such as vitamin E. During pregnancy, vitamin C
contributes to maintaining the integrity of the amniotic fluid,
placental tissues, and fetal membranes, providing a defense
against oxidative stress-related complications [48-62].

Vitamin E, a fat-soluble antioxidant, protects cell
membranes by intercepting lipid peroxidation chain
reactions. In pregnancy, vitamin E is crucial for preventing
oxidative damage to fetal cells and membranes, and its levels
are intricately regulated to meet the heightened antioxidant
demand. Known as the “master antioxidant,” glutathione is
a tripeptide that acts as a co-factor for various enzymatic
antioxidant reactions. In pregnancy, maintaining optimal
levels of glutathione is vital for neutralizing free radicals,
supporting placental function, and protecting the developing
fetus from oxidative stress-related harm. Selenium is an
essential trace element incorporated into selenoproteins,
including GPx. Its role as a cofactor for GPx underscores
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its significance in antioxidant defense mechanisms during
pregnancy. Adequate selenium levels are crucial for ensuring
the efficacy of GPx in neutralizing reactive oxygen species.
Coenzyme Q10 is a lipid-soluble antioxidant that participates
in mitochondrial electron transport and serves as a potent
scavenger of free radicals. During pregnancy, Coenzyme Q10
plays a crucial role in maintaining mitochondrial function,
reducing oxidative stress, and supporting energy production
essential for fetal development [63-68].

Conclusion

The accumulating body of evidence supports the
potential benefits of antioxidant therapy in pregnancy,
offering a promising avenue for enhancing maternal and
infant well-being. The intricate balance between oxidative
stress and antioxidant defense mechanisms during gestation
underscores the delicate nature of this physiological state.
Clinical studies have provided compelling insights into
the positive effects of antioxidant supplementation across
various aspects of pregnancy, from preventing hypertensive
disorders like preeclampsia to mitigating the risk of
gestational diabetes and preterm birth. The prevention of
preeclampsia, a condition intricately linked to oxidative
stress, stands out as a significant achievement in antioxidant
research. Trials demonstrating reduced blood pressure,
improved vascular function, and decreased proteinuria
highlight the potential for antioxidants to address the
complexities of this hypertensive disorder unique to
pregnancy. Furthermore, the positive impact of antioxidants
on gestational diabetes management showcases their role
in optimizing glucose metabolism, thereby contributing to
improved maternal and fetal outcomes.

Antioxidant therapy has also shown promise in reducing
the risk of preterm birth, a critical factor influencing neonatal
health. Improved fetal growth parameters and the potential
neurodevelopmental benefits observed in supplemented
pregnancies further emphasize the far-reaching implications
of antioxidant interventions. Moreover, the mitigation of
oxidative stress-related complications, including placental
abruption and intrauterine inflammation, underscores
the protective effects that antioxidants may offer during
gestation.
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