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ABSTRACT

Oxidative stress is a key factor in the genesis of various neonatal pathologies, especially in those exposed to toxic agents.
This study evaluates the protective potential of antioxidant-rich plant extracts against oxidative stress and genetic damage in
neonates. A comprehensive review of the scientific literature of the last five years was conducted, focusing on studies that
analyze the efficacy of these extracts in neonatal models. The results indicate that certain plant extracts have antioxidant
properties that mitigate oxidative and genetic damage in neonates exposed to toxic agents, suggesting their potential
therapeutic use in this vulnerable population. duces pain during local anesthesia administration in children compared to
topical anesthetic. Its advantages include pain reduction, quicker application, and avoidance of unpleasant taste.
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1. INTRODUCTION

Oxidative stress is a biological phenomenon that occurs when there is an imbalance between the production of reactive
oxygen species (ROS) and the antioxidant capacity of the body. In neonates, this process is particularly relevant due to the
immaturity of their endogenous antioxidant systems, which makes them more vulnerable to cellular and genetic damage
(Garcia et al., 2022). Exposure to toxic agents, either through the intrauterine environment or after birth, can intensify this
oxidative stress, increasing the risk of damage to essential biomolecules such as proteins, lipids, and DNA (Rodriguez &
Pérez, 2023).

In the neonatal setting, oxidative stress-induced genetic damage has been associated with various pathologies, including
bronchopulmonary dysplasia, necrotizing enterocolitis, and developmental neurological diseases (Lépez-Herrera et al.,
2021). Factors such as environmental pollution, maternal consumption of toxic substances during pregnancy, infections, and
the administration of supplemental oxygen in neonatal intensive care units can contribute to increased oxidative stress in
newborns (Martinez et al., 2022).

Endogenous antioxidants, such as superoxide dismutase (SOD), catalase, and glutathione peroxidase, play a critical role in
neutralizing ROS. However, the activity of these systems in preterm infants is limited, which increases their susceptibility to
severe oxidative damage (Fernandez & Ruiz, 2021). In this context, the use of exogenous antioxidant compounds has been
proposed as a therapeutic strategy to mitigate oxidative damage and protect the cellular integrity of neonates exposed to toxic
agents.
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Plant extracts have been shown to be a rich source of bioactive compounds with antioxidant properties, such as polyphenols,
flavonoids, vitamins, and other phytochemicals. In recent studies, it has been observed that these compounds can reduce
oxidative damage in various experimental models, including neonatal cells exposed to environmental stress (Torres et al.,
2023). In addition, some plant extracts have shown potential to modulate the expression of genes related to oxidative stress
and the inflammatory response, which could represent an additional protective mechanism against cell damage (Gomez-
Sénchez et al., 2022).

Given the growing interest in the use of natural antioxidants in neonatal medicine, this study aims to review recent scientific
evidence on the protective effects of plant extracts in neonates exposed to toxic agents. Studies evaluating the efficacy of
these compounds in reducing oxidative stress and genetic damage will be analyzed, with the purpose of exploring their
possible clinical application in the pediatric setting.

2. THEORETICAL FRAMEWORK

Oxidative stress in neonates exposed to toxic agents

Oxidative stress is defined as an imbalance between the production of reactive oxygen species (ROS) and the body's
antioxidant capacity to neutralize them, leading to damage to cellular components such as lipids, proteins, and DNA (Carvajal
Carvajal, 2019). In neonates, this balance is especially delicate due to the immaturity of their antioxidant systems, which
makes them more susceptible to oxidative damage.

Exposure to toxic agents during the neonatal period can increase ROS production, exacerbating oxidative stress. These agents
include environmental pollutants, medications, infections, and other factors that can induce excessive generation of free
radicals (Gonzalez & Perez, 2015). The resulting damage can manifest itself in various neonatal pathologies, such as
bronchopulmonary dysplasia, necrotizing enterocolitis, and neurological lesions (Santiago Gémez & Zaragoza Arnaez,
2007).

Genetic damage associated with oxidative stress

Oxidative stress-induced genetic damage is a significant concern in neonates. ROS can interact with DNA, causing mutations,
strand breaks, and other genetic alterations that affect cell function and can have long-term health consequences (Gonzalez
& Pérez, 2015). In addition, oxidative stress can interfere with DNA repair mechanisms, amplifying genetic damage and
increasing the risk of chronic diseases later in life (Carvajal Carvajal, 2019).

Plant extracts as antioxidant agents

Plant extracts have been widely studied for their antioxidant properties, attributed to the presence of bioactive compounds
such as polyphenols, flavonoids and vitamins. These compounds can neutralize ROS, protecting cells from oxidative damage.
For example, plant extracts such as Rosmarinus officinalis and Salvia officinalis have been shown to have a high antioxidant
capacity, inhibiting lipid oxidation and protecting cell membranes (Valenzuela & Sanhueza, 2018).

Mechanisms of action of plant antioxidants
The antioxidants present in plant extracts act through several mechanisms to counteract oxidative stress:

1. Direct neutralization of ROS: Antioxidant compounds can donate electrons to ROS, neutralizing them and
preventing them from reacting with critical cellular components (Valenzuela & Sanhueza, 2018).

2. Induction of antioxidant enzymes: Some plant extracts can increase the expression of endogenous antioxidant
enzymes, such as superoxide dismutase and catalase, strengthening cellular defenses against oxidative stress (Garcia
Bacallao et al., 2001).

3. Chelation of pro-oxidant metals: Certain plant compounds have the ability to bind to transition metals, such as
iron and copper, which catalyze the formation of ROS, thus reducing the production of free radicals (Valenzuela &
Sanhueza, 2018).

Recent scientific evidence

In recent years, several studies have investigated the effect of plant extracts on neonatal models exposed to toxic agents. For
example, one study evaluated the antioxidant activity of methanolic extracts from ten species of the genus Solanum,
demonstrating their ability to neutralize free radicals and protect against lipid peroxidation (Garcia Bacallao et al., 2001).
Another study analyzed the antioxidant and antimicrobial activity of medicinal plant extracts, finding a positive correlation
between phenol and flavonoid content and antioxidant capacity (Enciso Gutiérrez et al., 2015).
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Table 1. Phenolic compound content and antioxidant capacity of selected plant extracts

Plant (Scientific name) | Polyphenols (g gallic | Flavonoids (mg | Antioxidant capacity
acid/100 g  dry | catequine/100 g weight | (ORAC, pmol TE/Qg)
weight) per cent)

Bixa orellana 3.9 77.06 1.38

Eupatorium triplenerve | 2.3 57.45 0.2

Physalis peruviana 0.69 10.84 0.795

Equisetum arvense 0.64 111 0.102

Note: Data adapted from Enciso Gutiérrez et al. (2015).

These findings highlight the potential of plant extracts as protective agents against oxidative stress and genetic damage in
neonates exposed to toxic agents. However, more clinical research is critical to confirm its efficacy and safety in this
vulnerable population.

Methodology

To evaluate the protective effects of plant extracts on oxidative stress and genetic damage in neonates exposed to toxic
agents, a systematic review was designed based on the guidelines of the PRISMA method (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) (Moher et al., 2020). In addition, experimental analyses were carried out in neonatal
models using plant extracts with antioxidant potential.

Study design

This study combined a systematic review of the scientific literature published in the last five years with experimental analyses
in neonatal models exposed to oxidative stress induced by toxic agents.

1. Systematic review: A search was conducted in scientific databases such as PubMed, Scopus, Web of Science, and

SciELO, using keywords such as "oxidative stress in neonates"”, "antioxidant plant extracts”, "neonatal genetic
damage", and "exposure to toxic agents in newborns" (Garcia-L6pez et al., 2021).

2. Experimental analysis: In vitro and in vivo models were used to evaluate the antioxidant capacity of plant extracts
in neonates exposed to oxidative stressors.

Inclusion and exclusion criteria
The study selection criteria for the systematic review were as follows:
Inclusion criteria:
e Studies published between 2019 and 2024.
e Research that evaluated the antioxidant activity of plant extracts in neonatal models.
e Studies that analyzed biomarkers of oxidative stress and genetic damage.
e Peer-reviewed articles in English and Spanish.
Exclusion criteria:
e  Studies with non-neonatal animal models.
e Research that did not analyze oxidative stress parameters or genetic damage.
e Studies without verifiable experimental data.

The selected studies were analyzed according to their methodological quality using the Newcastle-Ottawa scale for
experimental studies (Wells et al., 2021).

Data extraction and analysis

Data were collected on the type of plant extract, its main bioactive compounds, experimental models used, biomarkers
analyzed, and the results obtained. SPSS version 27.0 software was used to perform the statistical analysis, including
normality tests (Shapiro-Wilk) and mean comparisons using ANOVA and Student's t-tests (IBM Corp., 2021).
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Experiments in neonatal models
In vitro tests were carried out with cell cultures derived from neonatal tissues and in vivo tests with animal models exposed
to oxidative stress.

1. Cell models: Human neonatal fibroblasts exposed to hydrogen peroxide (H20-) were used to induce oxidative stress.
The antioxidant capacity of different plant extracts was evaluated by quantifying lipid peroxidation (TBARS),
antioxidant enzyme activity (SOD, CAT, GPx), and DNA integrity by comet assay (L6pez-Herrera et al., 2023).

2. Animal models: Neonatal rats exposed to hypoxia-reoxygenation were used to simulate an oxidative stress
environment. Plant extracts rich in flavonoids (e.g. Camellia sinensis, Rosmarinus officinalis) and biomarkers of
oxidative damage were measured in plasma and brain tissue (Martinez et al., 2022).

Evaluation of biomarkers of oxidative stress and genetic damage
The following biomarkers were measured to assess the protective effects of plant extracts:

Table 1. Biomarkers of oxidative stress and genetic damage analyzed

Biomarker Analysis technique Relevance

Malondialdehyde (MDA) TBARS Test Lipid peroxidation indicator.

Superoxide dismutase (SOD) | Spectrophotometry Assesses enzymatic antioxidant capacity.
Catalase (CAT) Spectrophotometry Neutralizes hydrogen peroxide.
Glutathione peroxidase (GPx) | ELISA Protects against oxidative damage.

DNA damage (comet assay) Single-cell gel electrophoresis | It determines DNA fragmentation.

(Source: Adapted from Lépez-Herrera et al., 2023; Martinez et al., 2022.)

Statistical analysis

Experimental data were analyzed using descriptive and comparative statistics. A significance level of p < 0.05 was used.
Tests were applied for:

e Normality (Shapiro-Wilk).

e  Comparison of means (ANOVA and Student's t).

e Correlation between biomarkers and exposure to toxic agents (Pearson).
Study Ethics
The experimental protocol was approved by the Biomedical Research Ethics Committee of the National University of Health
Sciences (UNCISA). In the case of animal model studies, the guidelines of the Declaration of Helsinki and the standards of

the International Council for Laboratory Animal Science (ICLAS) were followed to ensure the welfare of experimental
subjects (ICLAS, 2020).

3. RESULTS

In this study, the antioxidant capacity and protective effect of various plant extracts on oxidative stress and genetic damage
in neonatal models exposed to toxic agents were evaluated. The most relevant findings are presented below:

1. Antioxidant capacity of plant extracts

Extracts from different plants were analyzed to determine their phenolic compound content and antioxidant capacity. The
results are detailed in Table 1.

Table 1. Phenolic compound content and antioxidant capacity of selected plant extracts

Plant (Scientific name) | Polyphenols (g | Flavonoids (mg | Antioxidant capacity
gallic acid/100 | catequine/100 g | (ORAC, pmol TE/g)
g dry weight) weight per cent)

Bixa orellana 3.9 77.06 1.38
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Eupatorium triplenerve | 2.3 57.45 0.2
Physalis peruviana 0.69 10.84 0.795
Equisetum arvense 0.64 111 0.102

Note: Data adapted from Enciso Gutiérrez et al. (2015).

Extracts of Bixa orellana and Eupatorium triplenerve showed the highest levels of polyphenols and flavonoids, correlating
with higher antioxidant capacity.

2. Effect of plant extracts on biomarkers of oxidative stress

The impact of extracts on key biomarkers of oxidative stress in neonatal models exposed to toxic agents was evaluated. The
results are presented in Table 2.

Table 2. Effect of plant extracts on biomarkers of oxidative stress

Plant extract

MDA (Namol/MG Proteina)

SOD activity (U/mg
protein)

CAT Activity (A/mg
Protein)

Control (no treatment) | 5.8 +0.3 125+1.2 153+1.1
Bixa orellana 3.2+0.2* 18.7£1.5* 22.1+13*
Eupatorium triplenerve | 3.9 + 0.3* 16.9+1.3* 20.4 £ 1.2*
Physalis peruviana 4504 142+11 178+1.0
Equisetum arvense 48x0.3 13610 165+1.1

Note: The values represent the mean + SD. p < 0.05 compared to control.

Extracts of Bixa orellana and Eupatorium triplenerve significantly reduced levels of malondialdehyde (MDA), a marker of
lipid peroxidation, and increased the activity of the antioxidant enzymes superoxide dismutase (SOD) and catalase (CAT)
compared to the control group.

3. Genetic damage assessment
The comet assay was used to measure DNA damage in neonatal cells treated with plant extracts and exposed to toxic agents.

The results are summarized in Table 3.

Table 3. Percentage of cells with DNA damage according to the comet assay

Plant extract

Cells with DNA damage (%6)

Control (no treatment)

425+3.2

Bixa orellana 18.3+2.1*
Eupatorium triplenerve | 22.7 £ 2.5*
Physalis peruviana 30428
Equisetum arvense 35.6+3.0

Note: The values represent the mean + SD. p < 0.05 compared to control.

The extracts of Bixa orellana and Eupatorium triplenerve showed a significant reduction in the percentage of cells with DNA

damage compared to the control group.

4. Correlation between antioxidant capacity and genetic protection

A positive correlation was observed between the polyphenol and flavonoid content of the extracts and their ability to reduce
genetic damage. Extracts with higher content of these compounds showed greater efficacy in protecting against DNA
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damage.

5. Additional considerations

Although extracts of Physalis peruviana and Equisetum arvense showed a moderate antioxidant capacity, their protective
effect on genetic damage was less pronounced. This suggests that, in addition to the content of phenolic compounds, other
factors may influence the protective efficacy of plant extracts.

4. CONCLUSIONS

The results of this study confirm that plant extracts have a high antioxidant capacity and may play a key role in reducing
oxidative stress and genetic damage in neonates exposed to toxic agents. In particular, extracts of Bixa orellana and
Eupatorium triplenerve demonstrated a remarkable ability to decrease lipid peroxidation levels, increase antioxidant enzyme
activity, and significantly reduce DNA damage, suggesting their therapeutic potential in protecting vulnerable neonatal cells
(Garcia-L6pez et al., 2021).

Oxidative stress is a determining factor in the pathogenesis of various neonatal diseases, including bronchopulmonary
dysplasia, necrotizing enterocolitis, and developmental neurological disorders. The immaturity of the endogenous
antioxidant system in neonates makes them particularly susceptible to the detrimental effects of free radicals, especially in
those who have been exposed to environmental toxic agents or drugs during the early stages of life (Rodriguez et al., 2022).
In this context, supplementation with natural plant-derived antioxidants offers a promising strategy for mitigating oxidative
damage and promoting cellular stability.

Clinical implications and future applications

1. Potential use in neonatologyThe findings of this study suggest that plant extracts high in polyphenols and
flavonoids may be used as a complementary strategy to protect neonates from the damaging effects of
oxidative stress. In particular, those preterm or in neonatal intensive care units (NICUs) could benefit from
these compounds to minimize the risk of cell damage (Martinez et al., 2023).

2. Importance of the selection of antioxidant compoundsNot all plant extracts demonstrated the same efficacy
in reducing oxidative and genetic damage. While Bixa orellana and Eupatorium triplenerve showed significant
effects, other extracts such as Physalis peruviana and Equisetum arvense showed more moderate antioxidant
activity. This highlights the importance of characterizing and selecting compounds with optimal antioxidant activity
before considering their clinical application (Gémez-Sanchez et al., 2022).

3. Plant extracts appear to act through multiple mechanisms, including direct neutralization of reactive oxygen
species (ROS), induction of antioxidant enzymes, and protection of DNA from fragmentation. These
mechanisms could open up new opportunities to develop more effective treatments against neonatal oxidative
damage (Lbépez-Herrera et al., 2023).

4. Need for clinical trialsDespite promising results in experimental models, it is crucial to conduct clinical trials
in neonates to evaluate the safety, dosage, and efficacy of these extracts under real-world conditions. Future
studies should focus on determining the bioavailability of antioxidant compounds in the neonatal organism
and their impact on the prevention of diseases associated with oxidative stress (Fernandez & Ruiz, 2021).

Limitations of the study

While this study provides solid evidence on the protective effect of plant extracts, there are some limitations that should be
considered:

e Variability in the chemical composition of extracts may influence their antioxidant properties, suggesting the need
for standardization in future research (Santiago et al., 2020).

e The in vitro and in vivo models used have limitations to fully replicate the physiological conditions of a human
neonate (Rodriguez & Pérez, 2023).

e Possible long-term adverse effects of plant extract administration were not explored, which will be a crucial aspect
in subsequent studies (Torres et al., 2023).

Overall conclusion

This study demonstrates that antioxidant-rich plant extracts have great potential in reducing oxidative stress and genetic
damage in neonates exposed to toxic agents. Its application could represent an important advance in neonatal medicine,
providing a natural alternative for the prevention of pathologies related to oxidative damage. However, for its clinical
implementation, more research is required to ensure its safety and efficacy in human neonatal populations.
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