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Abstract

Hypoxia in newborns continues to be a major contributor to early neonatal morbidity and long-term
neurological deficits. Diagnostic strategies increasingly focus on biochemical markers that indicate
oxidative stress and lipid peroxidation. Among these, malondialdehyde (MDA), a stable end product
of polyunsaturated fatty acid oxidation, has received particular attention due to its high reactivity
and strong association with oxidative tissue injury. In this study, we examine the potential of MDA
as a diagnostic marker for neonatal hypoxia, considering its biochemical origins, temporal
dynamics, and methods of measurement. We also explore the relationship between elevated MDA
levels and the severity of perinatal hypoxic injury. Furthermore, we discuss how MDA formation
interacts with cytokine signaling, membrane destabilization, and mitochondrial dysfunction,
providing an integrated perspective on the pathophysiological mechanisms underlying neonatal
hypoxic states.

Keywords: Malondialdehyde, neonatal hypoxia, oxidative stress, lipid peroxidation, biomarkers,
antioxidant defense, perinatal asphyxia.

Introduction

Hypoxia during the neonatal period initiates a cascade of metabolic disturbances, including
mitochondrial dysfunction, impaired oxidative phosphorylation, and activation of anaerobic
glycolysis. One of the earliest and most harmful consequences is the excessive production of
reactive oxygen species (ROS), which quickly attack membrane phospholipids. This leads to lipid
peroxidation—a chain reaction that compromises membrane integrity and generates toxic end
products. Among these, malondialdehyde (MDA) is the most extensively studied marker of
oxidative stress in perinatal medicine.

Elevated MDA levels reflect ongoing membrane damage, enzymatic imbalance, and systemic
oxidative stress. Newborns, particularly preterm infants, have underdeveloped antioxidant defenses,
including catalase, glutathione peroxidase, and superoxide dismutase systems. These developmental
limitations amplify lipid peroxidation during hypoxic episodes and result in the accumulation of
measurable MDA in plasma, urine, cerebrospinal fluid, and umbilical cord blood.

In recent years, MDA has emerged as a promising biochemical indicator of perinatal hypoxia and
hypoxic-ischemic encephalopathy (HIE). Clinical evidence indicates a strong correlation between
MDA concentration and the severity of asphyxia, Apgar scores, lactate levels, base deficit, and
neuroimaging findings. Understanding the biochemical pathways leading to MDA formation and
its link to hypoxic injury is therefore critical for improving diagnostic accuracy in neonatology.
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MDA Formation as a Result of Lipid Peroxidation in Hypoxic Tissue

Lipid peroxidation is initiated when reactive oxygen species (ROS)—including hydroxyl radicals
(*OH), superoxide anions (O2—), and hydrogen peroxide (H202)—attack polyunsaturated fatty acids
in cell membranes. The neonatal brain, rich in arachidonic and docosahexaenoic acids, is
particularly susceptible to this process. This chain reaction progresses through three stages:
initiation, propagation, and termination.

During initiation, ROS remove hydrogen atoms from fatty acid side chains, generating lipid radicals.
Propagation occurs as these radicals interact with oxygen to form lipid peroxyl radicals, which
further compromise membrane integrity. Eventually, unstable intermediates break down into
aldehydes, mainly malondialdehyde (MDA), which then diffuse from cells into systemic circulation
Hypoxia accelerates these reactions via several mechanisms. Mitochondrial decoupling increases
electron leakage, xanthine oxidase activation generates additional superoxides, and reduced ATP
levels impair membrane pump function, increasing vulnerability to oxidation. In newborns with
perinatal asphyxia, circulating MDA levels rise markedly within hours after injury. Notably, these
changes appear earlier than many inflammatory markers, highlighting MDA’s potential as an early
diagnostic indicator.

Temporal Dynamics of MDA in Neonatal Hypoxia

The temporal profile of MDA elevation reflects the progression of hypoxic injury. Umbilical cord
blood obtained at birth typically shows increased MDA levels in infants with low Apgar scores or
signs of metabolic acidosis. Within 6—12 hours, MDA concentration continues to rise as ROS
generation intensifies during reperfusion, which paradoxically inflicts secondary oxidative damage.
Persistent elevation of MDA for 24-48 hours correlates with severe hypoxic-ischemic
encephalopathy, multi-organ involvement, and deterioration of hepatocellular and myocardial
membrane stability. Studies using serial plasma measurements have demonstrated that the
magnitude and duration of MDA increase in a manner that closely parallels neurosonographic
abnormalities, EEG disturbances, and long-term neurological outcomes.

Cytokines such as TNF-a and IL-6 may indirectly modulate MDA levels. They enhance nitric oxide
synthase activity, contributing to peroxynitrite formation and additional oxidative injury. This
interplay explains why infants with systemic inflammatory responses or post-asphyxial sepsis
exhibit even higher MDA concentrations.

Diagnostic Value of MDA 1n Clinical Practice

MDA measurement has gained recognition as a valuable tool for assessing the severity of neonatal
hypoxia. Plasma and cord blood MDA levels are consistently higher in newborns with moderate to
severe asphyxia compared to healthy controls. Several studies report a statistically significant
correlation between MDA values and standard clinical parameters: low Apgar score, elevated
lactate, increased creatine kinase-BB, and reduced pH at birth.

Cord blood MDA level above defined thresholds may serve as an early predictor of hypoxic-
ischemic encephalopathy. In addition, elevated MDA levels in cerebrospinal fluid appear to be
closely linked to neuronal membrane damage and activation of the apoptotic pathway. In neonates
treated with therapeutic hypothermia, MDA monitoring may help assess the efficacy of
neuroprotective interventions and provide insight into ongoing oxidative processes.

311 | Page




£ 1

=
“‘f?@‘
. .

-2
\

Ing ‘Ev

, Practice and Nurs

icine

&P webofjournals.com/index.php/5

Journal of Med

ICINe

@ Web of Med

X

a4
4

Volume 3, Issue 11, November 2025 ISSN (E): 2938-3765

Analytical methods for quantifying MDA include thiobarbituric acid reactive substances (TBARS)
assay, high-performance liquid chromatography (HPLC), and mass spectrometry. While TBARS is
widely used due to its simplicity, HPLC offers greater specificity by distinguishing MDA from
interfering aldehydes. Standardization of measurement protocols remains an active challenge for
clinicians and researchers.

Systemic Consequences of Elevated MDA in Newborns

Excessive MDA is not only a marker but also a mediator of cellular injury. It forms adducts with
membrane proteins, impairs enzyme function, and crosslinks nucleic acids, producing mutagenic
and pro-apoptotic effects. MDA-protein complexes stimulate inflammatory signaling and may
participate in the amplification of systemic oxidative stress.

In the context of neonatal hypoxia, elevated MDA has been associated with myocardial dysfunction,
hepatic injury, renal tubular damage, and pulmonary oxidative stress. Preterm infants are especially
susceptible due to reduced antioxidant capacity, limited glutathione pools, and immature
mitochondrial protective mechanisms. The combination of hypoxia and secondary infection further
boosts MDA production, reflecting the escalation of oxidative imbalance.

Experimental studies demonstrate that antioxidant therapy—vitamin E, N-acetylcysteine,
melatonin—can attenuate MDA accumulation and reduce the severity of hypoxic injury. However,
clinical efficacy remains inconsistent, emphasizing the need for more targeted therapeutic
approaches.

Conclusion

MDA is a robust and informative biomarker of neonatal hypoxia, reflecting the extent of oxidative
membrane damage and the severity of hypoxic-ischemic injury. Its elevation follows a characteristic
temporal pattern that correlates with clinical, metabolic, and neurophysiological markers of
perinatal asphyxia. Although methodological standardization is required for its widespread clinical
adoption, MDA measurement offers valuable insight into oxidative processes and may guide early
diagnosis and treatment strategies.

Understanding the biochemical and pathophysiological mechanisms behind MDA formation
enhances our ability to interpret laboratory data and refine clinical decision-making in neonatology.
As research continues to clarify the diagnostic utility of MDA, it holds considerable promise as a
component of comprehensive evaluation for hypoxic states in newborns.
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