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Abstract 
 
Oxidative stress, caused by an imbalance between reactive oxygen species (ROS) and antioxidant defenses, plays a 
significant role in the development of pregnancy-related complications, including preeclampsia, gestational diabetes, 
and intrauterine growth restriction (IUGR). Elevated metabolic demands during pregnancy increase ROS production, 
leading to potential damage to maternal tissues and fetal development. Addressing this imbalance through antioxidant 
supplementation has emerged as a potential strategy to mitigate oxidative stress and improve pregnancy 
outcomes.Antioxidants, both enzymatic and non-enzymatic, neutralize free radicals and protect cells from oxidative 
damage. Commonly studied antioxidants in pregnancy include vitamins C and E, selenium, and coenzyme Q10. 
Research has shown that supplementation with these antioxidants may reduce oxidative stress markers and improve 
conditions such as preeclampsia and IUGR. However, clinical outcomes have been mixed, with some studies showing 
significant benefits while others report minimal effects, underscoring the need for further research. 
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Introduction 
 
Pregnancy is a time of immense physiological 
changes, with the body adapting to support the 
growth and development of the fetus. One of the 
significant changes during this period is the 
increased metabolic demand on the mother, which 
is necessary to supply energy for both maternal 
and fetal tissues. However, this metabolic surge 
also leads to the heightened production of reactive 
oxygen species (ROS), which, in excessive 
amounts, contribute to oxidative stress. Oxidative 
stress results from an imbalance between ROS 
and the body’s antioxidant defenses and is a key 
factor in the development of several pregnancy 
complications.1-5 Oxidative stress during 
pregnancy has been closely linked to conditions 
such as preeclampsia, gestational diabetes 
mellitus (GDM), intrauterine growth restriction 
(IUGR), and preterm birth.6 In these 
complications, the excessive generation of ROS 
damages cellular components, including lipids, 
proteins, and DNA, leading to impaired cellular 
function and increased inflammation.7 For 
instance, in preeclampsia, oxidative stress 
contributes to endothelial dysfunction, which 
plays a pivotal role in the pathophysiology of the 
disease. Similarly, in GDM, oxidative stress 
exacerbates insulin resistance and may worsen 
glucose metabolism.8 Antioxidants are the body’s 
natural defense against oxidative stress. They 
neutralize ROS, preventing cellular damage and 
maintaining homeostasis. The antioxidant defense 
system is made up of enzymatic and non-
enzymatic components. Enzymatic antioxidants, 
such as superoxide dismutase (SOD), catalase, 
and glutathione peroxidase, catalyze the 
breakdown of harmful free radicals into less 
reactive molecules. Non-enzymatic antioxidants, 
such as vitamins C and E, selenium, and 
coenzyme Q10, directly scavenge free radicals 
and help regenerate other antioxidants.9-12 

Despite the body’s natural defenses, pregnancy 
increases oxidative stress to a level that may 
overwhelm these mechanisms. This has led to 
interest in antioxidant supplementation as a 
strategy to combat oxidative stress during 
pregnancy. Supplementing antioxidants could, 
theoretically, reduce the oxidative burden, 

mitigate cellular damage, and improve pregnancy 
outcomes. Several studies have explored the 
potential benefits of antioxidants like vitamins C 
and E, selenium, and coenzyme Q10 in preventing 
pregnancy complications linked to oxidative 
stress.13-17 Vitamin C and E have garnered the 
most attention due to their well-known 
antioxidant properties.18 Vitamin C is a water-
soluble antioxidant that directly scavenges free 
radicals, while vitamin E is lipid-soluble and 
protects cell membranes from oxidative damage. 
Selenium, an essential trace element, is a cofactor 
for glutathione peroxidase, a key enzyme in the 
antioxidant defense system. Coenzyme Q10, 
involved in mitochondrial energy production, also 
acts as an antioxidant by neutralizing ROS 
generated during this process. Studies suggest that 
supplementation with these antioxidants may 
reduce the risk of preeclampsia, improve placental 
function, and promote fetal growth in cases of 
IUGR.19-23 

 

Mechanisms of Oxidative Stress in Pregnancy 
 
Oxidative stress arises from an imbalance 
between the production of reactive oxygen 
species (ROS) and the body’s antioxidant 
defenses. During pregnancy, this imbalance is 
exacerbated due to increased metabolic demands 
and physiological changes. While ROS are 
essential for normal cellular processes, their 
excessive accumulation can lead to oxidative 
damage, affecting both maternal and fetal health. 
Several mechanisms contribute to oxidative stress 
during pregnancy, including mitochondrial 
dysfunction, placental oxidative stress, 
inflammation, and environmental or lifestyle 
factors.24-27 

 
1. Mitochondrial Dysfunction 
 
Mitochondria are the primary energy-producing 
organelles within cells, and during pregnancy, 
their activity significantly increases to meet the 
elevated metabolic needs of both the mother and 
fetus.28 This heightened mitochondrial function 
leads to increased oxygen consumption and ROS 
generation, particularly in tissues with high 
metabolic rates such as the placenta. Under  
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normal conditions, the body’s antioxidant defense 
system neutralizes these ROS. However, if 
mitochondrial function is impaired or 
overwhelmed by the increased ROS production, 
oxidative stress can result, leading to cellular and 
tissue damage. This process is particularly 
implicated in pregnancy complications like 
preeclampsia and intrauterine growth restriction 
(IUGR), where mitochondrial dysfunction has 
been observed in placental tissues.29-32 

 
2. Placental Oxidative Stress 
 
The placenta plays a central role in nutrient 
exchange, hormone production, and gas transfer 
between the mother and fetus.33 It is also highly 
susceptible to oxidative stress due to its high 
metabolic activity and oxygen consumption. In 
early pregnancy, the placenta develops under 
relatively low oxygen conditions, but as 
pregnancy progresses, blood flow increases, 
elevating oxygen levels. This shift in oxygen 
concentration can lead to excessive ROS 
production if not properly regulated. Placental 
oxidative stress is a key contributor to the 
pathogenesis of pregnancy-related complications 
such as preeclampsia, IUGR, and preterm birth. In 
preeclampsia, for example, oxidative stress 
damages the endothelial cells in placental blood 
vessels, contributing to impaired blood flow and 
reduced nutrient and oxygen delivery to the 
fetus.34-35 

 
3. Inflammatory Responses 
 
Inflammation is a normal part of pregnancy, 
particularly during implantation and labor.36 
However, excessive or chronic inflammation can 
trigger oxidative stress through the activation of 
immune cells that produce ROS as part of the 
body’s defense mechanism. In conditions such as 
preeclampsia and gestational diabetes, 
inflammation is often exacerbated, leading to 
elevated ROS levels and increased oxidative 
damage. Pro-inflammatory cytokines, released in 
response to infection or tissue injury, can further 
stimulate ROS production, creating a vicious 
cycle of inflammation and oxidative stress. This 
inflammatory-oxidative stress axis has been 

 
 implicated in various pregnancy complications, 
including preterm labor and placental 
insufficiency. 
 
4. Environmental and Lifestyle Factors 
 
Several environmental and lifestyle factors can 
contribute to oxidative stress during pregnancy.37 
Smoking, air pollution, poor diet, and obesity are 
known to increase ROS production and reduce 
antioxidant capacity. For example, smoking 
exposes the body to free radicals and other toxic 
substances that can overwhelm antioxidant 
defenses, while a diet low in antioxidant-rich 
foods, such as fruits and vegetables, reduces the 
availability of essential nutrients like vitamins C 
and E, which help neutralize ROS. Obesity, which 
is associated with a state of chronic low-grade 
inflammation, also increases oxidative stress, 
compounding the risk of pregnancy complications 
such as gestational diabetes and preeclampsia. 
 
5. Endothelial Dysfunction 
 
The maternal endothelium, which lines the blood 
vessels, plays a key role in vascular homeostasis 
by regulating blood flow, blood pressure, and 
vascular tone. During pregnancy, proper 
endothelial function is essential to accommodate 
the increased blood volume and ensure adequate 
perfusion to the placenta.38 However, oxidative 
stress can impair endothelial function by 
disrupting nitric oxide (NO) signaling, leading to 
vasoconstriction and hypertension, as seen in 
preeclampsia. Endothelial dysfunction also 
contributes to increased vascular permeability, 
inflammation, and coagulation, further 
exacerbating oxidative stress and promoting 
complications such as placental insufficiency. 
 
6. Hypoxia-Reoxygenation Injury 
 
Hypoxia, or low oxygen availability, occurs in the 
placenta during various stages of pregnancy, 
particularly in cases of placental insufficiency.39 
When blood flow is restricted, as seen in 
preeclampsia or IUGR, the placental tissue 
experiences hypoxia. Reoxygenation, when blood 
flow is restored, generates a surge of ROS in a  
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process known as hypoxia-reoxygenation injury. 
This rapid production of ROS overwhelms the 
antioxidant defenses, leading to cellular injury 
and oxidative damage. Hypoxia-reoxygenation 
injury is closely linked to placental dysfunction 
and has been identified as a critical mechanism in 
the development of pregnancy complications. 
 
Antioxidant Defense Systems 
 
The body’s antioxidant defense system plays a 
crucial role in mitigating oxidative stress by 
neutralizing reactive oxygen species (ROS) and 
preventing cellular damage.40 This system 
consists of both enzymatic and non-enzymatic 
antioxidants, which work together to maintain the 
balance between ROS production and elimination. 
During pregnancy, the antioxidant defense system 
is essential to protect maternal and fetal tissues 
from oxidative stress, especially as ROS levels 
increase due to heightened metabolic demands. 
The key components of the antioxidant defense 
system include enzymatic antioxidants, non-
enzymatic antioxidants, and endogenous 
antioxidant pathways. 
 
1. Enzymatic Antioxidants 
 
Enzymatic antioxidants form the first line of 
defense against ROS by catalyzing reactions that 
convert free radicals into less reactive 
molecules.41 These enzymes are particularly 
important in neutralizing the ROS produced 
during cellular respiration and other metabolic 
processes. The major enzymatic antioxidants 
include: 
 
 Superoxide Dismutase (SOD): SOD 
catalyzes the conversion of superoxide radicals 
(O₂⁻) into hydrogen peroxide (H₂O₂), which is less 
reactive. There are three forms of SOD: cytosolic 
(SOD1), mitochondrial (SOD2), and extracellular 
(SOD3), each serving to protect different cellular 
compartments from oxidative damage. 
Mitochondrial SOD, in particular, is critical 
during pregnancy, as mitochondria are the 
primary source of ROS. 
 
 

 
 Catalase: Catalase works in tandem with 
SOD by breaking down hydrogen peroxide into 
water and oxygen, preventing the accumulation of 
hydrogen peroxide, which can otherwise generate 
highly reactive hydroxyl radicals (OH•). Catalase 
is highly expressed in the liver, kidney, and 
erythrocytes, playing a key role in protecting 
these organs from oxidative damage during 
pregnancy. 
 
 Glutathione Peroxidase (GPx): GPx 
reduces hydrogen peroxide and organic peroxides 
to water and alcohol, respectively, using 
glutathione as a substrate. This enzyme is crucial 
in reducing lipid peroxides, which can cause 
damage to cellular membranes. Selenium is a key 
cofactor for GPx, and its activity is essential for 
maintaining redox balance, especially in the 
placenta. 

 

2. Non-Enzymatic Antioxidants 
 
Non-enzymatic antioxidants complement the 
enzymatic system by directly scavenging free 
radicals and interrupting oxidative chain 
reactions.42 These antioxidants are derived from 
dietary sources and endogenous synthesis and 
play a pivotal role in preventing oxidative damage 
during pregnancy. The most notable non-
enzymatic antioxidants include: 
 
 Vitamin C (Ascorbic Acid): A water-
soluble antioxidant, vitamin C neutralizes ROS in 
the aqueous environment of cells and tissues. It 
can regenerate other antioxidants, such as vitamin 
E, back to their active form, enhancing overall 
antioxidant capacity. Vitamin C also stabilizes 
free radicals by donating electrons, thus 
preventing oxidative damage to proteins and 
DNA. 
 
 Vitamin E (Tocopherol): Vitamin E is a 
lipid-soluble antioxidant that protects cell 
membranes from lipid peroxidation. It stabilizes 
free radicals within the lipid bilayer of cell 
membranes and is particularly important in tissues 
with high fat content, such as the placenta. 
Vitamin E is often studied in combination with  
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vitamin C, as these two antioxidants work 
synergistically to neutralize free radicals. 
 
 Glutathione (GSH): Glutathione is a 
tripeptide consisting of glutamine, cysteine, and 
glycine. It is one of the most important 
intracellular antioxidants, playing a role in 
detoxifying ROS, regenerating other antioxidants 
(such as vitamins C and E), and maintaining the 
redox state of cells. Glutathione also serves as a 
cofactor for glutathione peroxidase, ensuring the 
reduction of hydrogen peroxide and lipid 
peroxides. 
 
 Selenium: Selenium is a trace mineral that 
acts as a cofactor for glutathione peroxidase. 
Adequate selenium levels are essential for the 
optimal function of GPx, and by extension, for the 
overall reduction of oxidative stress during 
pregnancy. Selenium supplementation has been 
studied for its potential to reduce the risk of 
preeclampsia and other pregnancy complications 
related to oxidative stress. 

 

 Coenzyme Q10 (Ubiquinone): 
Coenzyme Q10 is both a component of the 
mitochondrial electron transport chain and an 
antioxidant that neutralizes ROS generated during 
cellular respiration. It also regenerates other 
antioxidants, such as vitamin E, and plays a role 
in energy production within the placenta and other 
maternal tissues. 
 
3. Endogenous Antioxidant Pathways 
 
In addition to enzymatic and non-enzymatic 
antioxidants, the body has several endogenous 
pathways that regulate the production and 
neutralization of ROS.43 These pathways are 
critical for maintaining redox balance, particularly 
under conditions of increased oxidative stress, 
such as pregnancy. 
 
 Nrf2 Pathway: The Nuclear factor 
erythroid 2-related factor 2 (Nrf2) is a key 
transcription factor that regulates the expression 
of genes involved in antioxidant defense. Under 
oxidative stress conditions, Nrf2 is activated and  

 
translocates to the nucleus, where it induces the 
expression of antioxidant enzymes, such as SOD, 
catalase, and GPx. This pathway is vital for the 
adaptive response to oxidative stress during 
pregnancy and has been studied in relation to 
preeclampsia and IUGR. 
 
 Thioredoxin System: The thioredoxin 
system, composed of thioredoxin (Trx), 
thioredoxin reductase, and NADPH, plays an 
important role in reducing oxidized proteins and 
maintaining cellular redox homeostasis. 
Thioredoxin helps protect cells from oxidative 
stress by repairing oxidized proteins and 
regulating signaling pathways involved in 
inflammation and cell survival. 
 
 Heme Oxygenase-1 (HO-1): Heme 
oxygenase-1 is an enzyme that breaks down heme 
into biliverdin, free iron, and carbon monoxide, 
all of which have antioxidant properties. HO-1 is 
upregulated in response to oxidative stress and 
plays a protective role in placental and vascular 
tissues during pregnancy. It has been studied for 
its potential to reduce the risk of preeclampsia by 
preventing oxidative damage to the placenta. 
 
Antioxidant Supplementation in Pregnancy 
 
Antioxidant supplementation has emerged as a 
promising approach to mitigate oxidative stress 
and reduce the risk of pregnancy complications.44 
The growing body of evidence linking oxidative 
stress to adverse pregnancy outcomes such as 
preeclampsia, gestational diabetes, intrauterine 
growth restriction (IUGR), and preterm birth has 
led to increased interest in the potential benefits 
of antioxidant supplementation. Antioxidants such 
as vitamins C and E, selenium, zinc, coenzyme 
Q10, and plant-based antioxidants have been 
studied for their capacity to neutralize reactive 
oxygen species (ROS), improve placental 
function, and enhance maternal and fetal health. 
 
1. Vitamin C and Vitamin E 
 
Vitamins C and E are two of the most widely 
studied antioxidants in the context of pregnancy. 
Vitamin C (ascorbic acid) is a potent water- 
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soluble antioxidant that helps neutralize ROS in 
the aqueous compartments of cells, while vitamin 
E (tocopherol) is a lipid-soluble antioxidant that 
protects cell membranes from lipid peroxidation. 
Together, these vitamins work synergistically to 
prevent oxidative damage in various tissues, 
including the placenta.Studies have shown mixed 
results regarding the efficacy of vitamins C and E 
in reducing pregnancy complications. Some 
research indicates that these vitamins can lower 
the risk of preeclampsia, a condition characterized 
by oxidative stress and endothelial dysfunction.45-

46 Vitamin C improves endothelial function and 
strengthens antioxidant defenses, while vitamin E 
stabilizes lipid membranes and reduces oxidative 
damage. However, large-scale trials, such as the 
Vitamins in Preeclampsia (VIP) trial, found no 
significant reduction in the incidence of 
preeclampsia with high-dose vitamin C and E 
supplementation. Despite these findings, some 
experts suggest that targeted supplementation, 
particularly in populations with low baseline 
antioxidant levels, may still be beneficial. 
 
2. Selenium 
 
Selenium is a trace mineral that plays a critical 
role in the antioxidant defense system, primarily 
as a cofactor for the enzyme glutathione 
peroxidase. This enzyme helps detoxify hydrogen 
peroxide and lipid peroxides, thereby protecting 
cells from oxidative damage. During pregnancy, 
selenium levels may decline, particularly in 
women with poor dietary intake or preeclampsia, 
leading to increased susceptibility to oxidative 
stress.Selenium supplementation has been 
investigated for its potential to reduce oxidative 
stress and improve pregnancy outcomes. Some 
studies have found that selenium supplementation 
in pregnant women at risk for preeclampsia can 
decrease markers of oxidative stress and improve 
placental function.47-48 Selenium’s ability to 
enhance glutathione peroxidase activity and 
support endothelial health has made it a promising 
candidate for reducing preeclampsia risk. 
However, more research is needed to establish 
optimal dosages and timing for selenium 
supplementation during pregnancy. 
 

 
3. Zinc 
 
Zinc is another essential mineral with antioxidant 
properties that support cellular function and 
immune health. It plays a role in protecting cells 
from oxidative damage by stabilizing cell 
membranes and serving as a cofactor for various 
antioxidant enzymes, including superoxide 
dismutase (SOD). Zinc also contributes to DNA 
repair and synthesis, processes that are critical for 
normal fetal development.In pregnancy, zinc 
deficiency has been linked to complications such 
as preterm birth, low birth weight, and gestational 
diabetes.49 Zinc supplementation has been shown 
to improve pregnancy outcomes by reducing 
oxidative stress, supporting immune function, and 
promoting healthy fetal growth. Research 
suggests that zinc may reduce the risk of 
preeclampsia by improving endothelial function 
and reducing inflammation. However, like other 
antioxidants, the benefits of zinc supplementation 
appear to be most pronounced in women who are 
zinc-deficient before or during pregnancy. 
 
4. Coenzyme Q10 
 
Coenzyme Q10 (CoQ10) is a naturally occurring 
antioxidant involved in mitochondrial energy 
production and the neutralization of ROS. It is 
particularly important for maintaining the health 
of tissues with high metabolic demands, such as 
the placenta. CoQ10 has been studied for its 
potential to reduce oxidative stress in pregnancy, 
especially in women at risk of 
preeclampsia.Research has shown that CoQ10 
supplementation can improve endothelial function 
and reduce markers of oxidative stress in women 
with preeclampsia or at risk for the condition. In 
addition, CoQ10 may enhance mitochondrial 
function, which is critical for energy production 
and placental health. Some studies suggest that 
CoQ10 supplementation may lower the risk of 
preeclampsia, but more randomized controlled 
trials are needed to confirm these findings and 
determine optimal dosage regimens. 
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5. Plant-based Antioxidants 
 
Plant-based antioxidants, including polyphenols, 
flavonoids, and carotenoids, are naturally 
occurring compounds found in fruits, vegetables, 
and herbs. These antioxidants exert their effects 
by scavenging free radicals, reducing 
inflammation, and supporting overall cellular 
health. Some of the most well-known plant-based 
antioxidants include resveratrol, quercetin, and 
curcumin, which have been studied for their 
potential to mitigate oxidative stress and improve 
pregnancy outcomes.Although there is limited 
clinical data on the efficacy of plant-based 
antioxidants during pregnancy, animal studies and 
small human trials suggest that these compounds 
may help reduce oxidative stress, improve 
placental function, and support fetal development. 
For example, resveratrol, a polyphenol found in 
grapes and berries, has been shown to protect 
against oxidative stress in animal models of 
pregnancy complications. However, the safety 
and efficacy of these compounds during 
pregnancy require further investigation, as high 
doses of certain plant-based antioxidants may 
have adverse effects on fetal development. 
 
6. Omega-3 Fatty Acids 
 
Omega-3 fatty acids, particularly 
eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA), have been 
recognized for their anti-inflammatory and 
antioxidant properties. These fatty acids are 
essential for fetal brain and eye development and 
have been shown to reduce the risk of preterm 
birth, gestational diabetes, and preeclampsia. 
Omega-3 fatty acids work by reducing 
inflammation, stabilizing cell membranes, and 
enhancing antioxidant defenses.Supplementation 
with omega-3 fatty acids during pregnancy has 
been shown to lower oxidative stress, improve 
endothelial function, and support placental 
health.50 Omega-3s may also help reduce the 
production of pro-inflammatory cytokines, which 
contribute to oxidative stress and pregnancy 
complications. Fish oil supplements, which are 
rich in EPA and DHA, are commonly  
 

 
recommended for pregnant women, especially 
those with low dietary intake of omega-3s. 
 
Clinical Implications of Antioxidant 
Supplementation 
 
The clinical implications of antioxidant 
supplementation during pregnancy are significant, 
given the growing body of evidence suggesting 
that oxidative stress plays a crucial role in various 
pregnancy complications. Healthcare providers 
are increasingly considering antioxidant 
supplementation as a potential strategy to improve 
maternal and fetal health outcomes. However, the 
implementation of such supplementation in 
clinical practice requires careful consideration of 
the types of antioxidants, dosages, timing, and 
individual patient circumstances. 
 
1. Personalized Supplementation Strategies 
 
One of the key clinical implications of antioxidant 
supplementation is the need for personalized 
strategies. Not all pregnant women are at the same 
risk for oxidative stress-related complications. 
Factors such as nutritional status, lifestyle 
choices, and pre-existing health conditions can 
significantly influence oxidative stress levels. For 
instance, women with a poor dietary intake of 
antioxidants or those with conditions like 
gestational diabetes or hypertension may benefit 
more from targeted supplementation. Healthcare 
providers should consider assessing antioxidant 
levels and dietary habits during prenatal visits to 
determine the need for supplementation and tailor 
recommendations accordingly. 
 
2. Timing and Dosage Considerations 
 
The timing and dosage of antioxidant 
supplementation are critical for maximizing 
benefits while minimizing potential risks. Some 
studies suggest that early intervention, 
particularly during the first and second trimesters, 
may be more effective in preventing oxidative 
stress-related complications.51 However, high 
doses of certain antioxidants can have adverse 
effects. For example, excessive vitamin E intake 
has been associated with an increased risk of  
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hemorrhagic complications. Therefore, clinical 
guidelines should recommend appropriate 
dosages based on existing evidence, and 
healthcare providers should educate patients about 
the importance of adhering to recommended 
levels. 
 
3. Monitoring and Assessment 
 
Regular monitoring of antioxidant levels and 
associated biomarkers of oxidative stress may 
help assess the effectiveness of supplementation 
strategies. Measuring serum levels of vitamins, 
minerals, and markers such as malondialdehyde 
(MDA) and total antioxidant capacity can provide 
insights into a patient’s oxidative stress status.52 
These assessments can help healthcare providers 
determine whether supplementation is effectively 
mitigating oxidative stress and adjust treatment 
plans as needed. Incorporating routine 
assessments into prenatal care may enhance 
overall maternal and fetal health outcomes. 
 
4. Integration into Prenatal Care 
 
Integrating antioxidant supplementation into 
routine prenatal care can enhance maternal 
education and promote healthier lifestyles.53 
Healthcare providers should emphasize the 
importance of a balanced diet rich in antioxidants, 
including fruits, vegetables, nuts, and whole 
grains, while considering supplementation as an 
adjunctive strategy. Educational programs can 
help pregnant women understand the role of 
oxidative stress and antioxidants in pregnancy and 
encourage them to make informed dietary 
choices. This holistic approach may improve 
maternal well-being and fetal development while 
fostering a supportive healthcare environment. 
 
Conclusion 
 
Antioxidant supplementation during pregnancy 
presents a promising strategy for mitigating 
oxidative stress and improving maternal and fetal 
health outcomes. The growing body of evidence 
highlighting the role of oxidative stress in 
pregnancy complications, such as preeclampsia, 
gestational diabetes, and intrauterine growth  

 
restriction, underscores the importance of 
addressing this critical aspect of maternal health. 
Antioxidants, including vitamins C and E, 
selenium, zinc, coenzyme Q10, and plant-based 
compounds, have shown potential benefits in 
reducing oxidative damage and enhancing 
placental function.However, the clinical 
application of antioxidant supplementation 
necessitates a tailored approach, taking into 
consideration individual risk factors, nutritional 
status, and existing medical conditions. 
Personalizing supplementation strategies, 
determining optimal dosages and timing, and 
conducting regular monitoring can help maximize 
the benefits while minimizing potential risks. 
Furthermore, healthcare providers should 
emphasize the importance of a balanced diet rich 
in natural antioxidants, reinforcing lifestyle 
changes that support overall maternal well-being. 
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