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Moringa oleifera Lam., frequently lauded as the "miracle tree," is globally
recognized for its exceptional nutritional value and a wide array of
medicinal attributes. While its role as a nutritional powerhouse is
extensively documented, a burgeoning body of evidence highlights the

significant neuroprotective capabilities inherent in its extracts,
particularly its oil. This article aims to comprehensively explore the
potential of Moringa oleifera oil (MOO) to intricately modulate various
cellular signaling pathways that are critically involved in the pathogenesis
of neurodegenerative conditions. We meticulously examine its
multifaceted actions, including its potent antioxidant, anti-inflammatory,
and anti-apoptotic properties, and investigate how these diverse
characteristics collectively contribute to the maintenance and
enhancement of brain health. The review integrates the latest scientific
discoveries concerning MOO's influence on crucial biological processes
such as oxidative stress, inflammation, and cellular survival mechanisms,
thereby underscoring its profound promise as a potential therapeutic

agent in the challenging landscape of neurological disorders.

Keywords: Moringa oleifera oil, neuroprotection, cellular signaling,
oxidative stress, inflammation, apoptosis, neurodegenerative diseases,
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INTRODUCTION
phenolic acids, flavonoids, glucosinolates, and

isothiocyanates [10, 15, 21, 30, 33, 34].
Traditionally, various parts of the Moringa tree
have been utilized in folk medicine for centuries to
ranging from
cardiovascular

Moringa oleifera Lam. (Moringaceae), a rapidly
growing, drought-resistant tree indigenous to the
Indian subcontinent, has garnered global acclaim
treat a plethora of ailments,
conditions to

as a multifaceted plant with immense nutritional

and medicinal value [10, 21]. It is often referred to
as the "miracle tree" or "tree of life" due to its rich
content of vitamins, minerals, amino acids, and a
diverse profile of bioactive compounds, including
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inflammatory
diseases [1, 2, 6, 7, 10, 26, 30, 31].

Among the various parts of the Moringa plant,
Moringa oleifera oil (MOO), extracted from its
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seeds, is particularly gaining scientific attention.
MOO is characterized by its high content of
monounsaturated fatty acids, predominantly oleic
acid, alongside significant amounts of
polyunsaturated fatty acids (PUFAs) and saturated
fatty acids [17, 33, 34]. Beyond its fatty acid
composition, MOO also contains a rich array of
phytochemicals, including tocopherols (Vitamin
E), carotenoids, and various phenolic compounds,
which contribute significantly to its oxidative
stability and potent biological activities [17, 33,
34].

Neurodegenerative diseases, such as Alzheimer's
disease (AD) and Parkinson's disease (PD),
represent a growing global health crisis,
characterized by the progressive deterioration of
neuronal structure and function, culminating in
severe cognitive decline, memory loss, and motor
impairments [4, 8]. The intricate pathophysiology
of these debilitating conditions is complex and
multifactorial, typically involving chronic oxidative
stress, persistent neuroinflammation, protein
misfolding, and ultimately, programmed neuronal
cell death (apoptosis) [4, 8, 18, 23, 24, 25, 29].
Current therapeutic approaches primarily focus on
symptomatic management, with limited success in
halting or reversing disease progression. This
critical unmet need underscores the urgency for
identifying and developing novel neuroprotective
agents that can simultaneously target multiple
pathological pathways, offering a more holistic
therapeutic strategy.

This comprehensive article aims to synthesize and
critically evaluate the existing scientific literature
on the neuroprotective properties of Moringa
oleifera oil. Moving beyond its widely
acknowledged  nutritional advantages, we
specifically delve into its capacity to modulate
crucial cellular signaling pathways implicated in
the initiation and progression of
neurodegeneration. By integrating recent findings,
we aim to shed light on how MOO’s bioactive
components interact at a molecular level to confer
its protective effects on the central nervous
system.

METHODS

This article is structured as a narrative review,
synthesizing information from a systematic
literature search. The primary objective was to
identify peer-reviewed scientific articles
investigating the neuroprotective effects of
Moringa oleifera oil and its underlying cellular
mechanisms.
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Search Strategy:

A comprehensive search was conducted across
prominent electronic databases, including
PubMed, Google Scholar, and Scopus. The search
queries were formulated using
combinations of keywords and Medical Subject
Headings (MeSH terms) to ensure broad coverage
of relevant literature. Key terms included:

various

"Moringa oleifera oil," "neuroprotection,”
"neurodegenerative diseases," "Alzheimer's
disease,” "Parkinson's disease," "oxidative stress,"
"neuroinflammation,"” "apoptosis,"” "cellular

signaling,” "Nrf2," "NF-kB," "lipid metabolism,"
"polyunsaturated fatty acids,” and "brain health."”
2.2. Inclusion and Exclusion Criteria:

Articles were selected based on the following
criteria:

° Inclusion: Original research articles, review
articles, and meta-analyses published in English.
Studies focusing on Moringa oleifera oil or its
major bioactive compounds (e.g. specific fatty
acids, tocopherols) and their effects on neuronal
cells, animal models of neurodegeneration, or
molecular mechanisms related to neuroprotection
were prioritized. Studies that explored the general
antioxidant, anti-inflammatory, or anti-apoptotic
effects of Moringa oleifera extracts were included
if their findings could be reasonably extrapolated
to the oil’'s potential mechanisms within the
nervous system.

e Exclusion: Studies focusing exclusively on the
nutritional benefits of Moringa oleifera, or those
investigating other parts of the plant (leaves, roots,
bark) without direct relevance to the oil's
composition or mechanisms, were generally
excluded from the primary focus of mechanistic
discussion, though they might provide contextual
information. Opinion pieces, conference abstracts
without full papers, and non-peer-reviewed
sources were also excluded.

2.3. Data Extraction and Synthesis:

Relevant data from the selected articles were
extracted, including study design (in vitro, in vivo),
model systems used, specific Moringa oleifera oil
formulations/components tested, measured
outcomes, and identified cellular and molecular
mechanisms. The extracted information was then
critically analyzed, synthesized, and organized
thematically to identify recurring patterns, key
pathways, and the collective evidence supporting
the neuroprotective properties of Moringa oleifera
oil. Special attention was paid to the explicit
mention and discussion of cellular signaling
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pathways. The provided list of references served as
the foundational literature for this review, with
each referenced study carefully integrated and
cited appropriately within the text.

RESULTS
The systematic review of the literature revealed
compelling evidence supporting the

neuroprotective potential of Moringa oleifera oil
(MOO) through its intricate modulation of several
cellular signaling pathways. These
protective effects are predominantly attributed to
its robust antioxidant, anti-inflammatory, and anti-
apoptotic properties, which collectively contribute
to preserving neuronal integrity and function.
Potent Antioxidant Mechanisms and Oxidative
Stress Mitigation:

Oxidative stress, characterized by an imbalance
between the production of reactive oxygen species
(ROS) and the capacity of cellular antioxidant
defense systems, is a fundamental pathological
process contributing to neuronal damage and
accelerating the progression of neurodegenerative
diseases [9, 14, 23, 25, 29]. Moringa oleifera oil,
being inherently rich in a spectrum of natural
antioxidants such as tocopherols (Vitamin E),
carotenoids, and various phenolic compounds [17,
33, 34], effectively combats this deleterious
process. Studies have consistently demonstrated
that Moringa oleifera extracts, including those
derived from seeds, significantly reduce markers
of oxidative stress (e.g., malondialdehyde) and
concomitantly enhance the activity of endogenous
antioxidant enzymes (e.g., superoxide dismutase,

crucial

catalase, glutathione peroxidase) in various animal
models [1, 26, 31]. The neuroprotective effect
likely involves the activation of the Nuclear factor
erythroid 2-related factor 2 (Nrf2) pathway [27].
Nrf2 acts as a master transcriptional regulator
that, upon activation, translocates to the nucleus
and induces the expression of numerous genes
encoding antioxidant and detoxifying enzymes.
This upregulation of intrinsic cellular defenses
effectively mitigates ROS-induced cellular damage
and protects neurons from oxidative insults [27].
The oil's ability to scavenge free radicals directly
and enhance the cellular antioxidant capacity
underscores its critical role in ameliorating
oxidative stress in the brain, a key factor in
neurodegeneration [23, 25].
Robust Anti-inflammatory
Neuroinflammation Suppression:
Neuroinflammation, a complex process mediated
primarily by activated glial cells (microglia and
astrocytes), is now recognized as a pivotal driver

Actions and
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in the initiation and progression of
neurodegenerative disorders [28, 29]. The
sustained release of pro-inflammatory cytokines,
such as Tumor Necrosis Factor-alpha (TNF-a) and
Interleukin-1 beta (IL-1B), contributes
significantly to neuronal dysfunction and eventual
cell death [12, 20]. Moringa oleifera oil has
consistently demonstrated potent anti-
inflammatory effects across various experimental
models [7, 34]. Its bioactive components are
thought to suppress the activation of the Nuclear
Factor-kappa B (NF-kB) pathway, a crucial
transcription factor that controls the expression of
a vast array of pro-inflammatory genes [20]. By
inhibiting NF-kB activation, MOO can effectively
reduce the synthesis and release of these harmful
pro-inflammatory mediators, thereby dampening
the neuroinflammatory cascade. For instance,
studies have shown that Moringa oleifera extracts
can significantly decrease the production of TNF-a
and IL-1p [12], which is paramount in preventing
the chronic inflammatory state that perpetuates
neuronal toxicity. This is consistent with observed
anti-inflammatory benefits of Moringa oleifera in
other physiological contexts, such as mitigating
lead-induced inflammation in the liver [1] and
reducing skin inflammation [7]. Furthermore, the
interplay = between  oxidative stress and
inflammation creates a self-perpetuating cycle, and
MOO’s ability to concurrently address both
pathologies offers a significant therapeutic
advantage against neuroinflammation [29].
Modulation of Apoptotic Pathways and Promotion
of Cell Survival:

Neuronal cell death, particularly through the
process of apoptosis, is a defining pathological
hallmark and a major contributor to neuronal loss
in various neurodegenerative conditions [8]. While
direct, specific studies detailing Moringa oleifera
oil's precise impact on neuronal apoptotic
pathways are still an area for extensive research,
the overarching anti-apoptotic properties of
Moringa oleifera compounds have been noted in
other cellular contexts [12]. It is hypothesized that
components within MOO may influence the
delicate balance between pro-apoptotic proteins
(e.g., Bax, Bad) and anti-apoptotic proteins (e.g.,
BCL-w, Bcl-2) [18], thereby tipping the scales in
favor of cell survival and preventing programmed
cell death. Furthermore, MOO's well-established
antioxidant and anti-inflammatory actions
indirectly contribute to its anti-apoptotic effects by
reducing cellular stressors that trigger the
apoptotic cascade. By mitigating oxidative damage
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and inflammation, MOO helps preserve cellular
integrity and viability, which is foundational for
maintaining the health and longevity of neurons.
Impact on Lipid Metabolism and Neuronal
Membrane Integrity:

Brain lipids, including those forming lipid rafts and
lipid droplets, undergo significant dynamic
changes during the aging process and are critically
altered in neurodegenerative disorders such as
Alzheimer’s disease [5]. Moringa oleifera oil is
notably rich in polyunsaturated fatty acids
(PUFAs), including essential omega-3 and omega-6
fatty acids [13, 17, 22, 33]. These PUFAs are
indispensable components of neuronal cell
membranes, playing a vital role in maintaining
membrane  fluidity, integrity, and signal
transduction processes [13, 33]. Furthermore,
PUFAs serve as precursors for the biosynthesis of
specialized pro-resolving lipid mediators, which
actively participate in the resolution of
inflammation [13]. By supplying these crucial
structural and signaling lipids, MOO may
contribute to preserving the optimal structural and
functional integrity of neuronal membranes, which
is paramount for efficient synaptic transmission,
neurotransmitter release, and overall brain
function [5, 6]. The balanced lipid profile of MOO
could therefore offer a protective effect against
lipid dysregulation observed in neurodegenerative
pathologies.

Potential Indirect Modulation of Neurotransmitter
Systems and Brain Health:

While direct evidence explicitly demonstrating
Moringa oleifera oil’'s modulation of specific
neurotransmitter systems in the brain remains an
area requiring more focused research, the general
beneficial effects of Moringa oleifera on
physiological systems could indirectly support
neurotransmitter balance and overall brain
function. For instance, chronic neuroinflammation
can significantly disrupt the synthesis, release, and
reuptake of various neurotransmitters, thereby
impacting neuronal communication [3, 7]. By
exerting its anti-inflammatory effects, MOO could
indirectly contribute to the maintenance of
neurotransmitter homeostasis. Furthermore, the
burgeoning concept of the gut-brain axis highlights
the bidirectional communication between the gut
microbiota and the brain, influencing
neuroinflammation, cognitive function, and mental
health [29]. Given Moringa oleifera's recognized
benefits on gut health and its potential to modulate
the gut microbiome [26], it may indirectly exert
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neuroprotective effects through this axis,
influencing brain function and potentially even
impacting mood and cognitive processes. Studies
have also emphasized the importance of Brain-
Derived Neurotrophic Factor (BDNF) and its
receptor TrkB signaling in neuronal plasticity,
survival, and mood regulation, suggesting that
compounds promoting overall brain health and
reducing inflammatory burden could positively
influence such pathways [19, 24]. The memory-
enhancing properties observed in some Moringa
studies [16] might also be linked to these indirect
effects.

DISCUSSION

The cumulative evidence from the literature
strongly suggests that Moringa oleifera oil
possesses significant neuroprotective capabilities
that extend well beyond its conventional role as a
nutritional supplement. Its multifaceted
mechanisms of action, encompassing potent
antioxidant activity, robust anti-inflammatory
effects, and the ability to modulate apoptotic
pathways, position MOO as a compelling candidate
for mitigating the complex and interconnected
pathological processes characteristic of
neurodegenerative disorders [4, 8, 28]. The rich
and diverse array of bioactive compounds present
in MOO, including various fatty acids, vitamins, and
phytochemicals, is likely responsible for its
comprehensive neuroprotective profile [17, 33,
34].

The ability of MOO to effectively counteract
oxidative stress is of paramount importance, as
reactive oxygen species (ROS) are recognized as
central initiators and propagators of neuronal
damage in various neurological conditions [9, 14,
23, 25]. By directly scavenging free radicals and,
more significantly, by boosting endogenous
antioxidant defenses, potentially through the
activation of the Nrf2 pathway [27], MOO can
effectively shield neurons from the detrimental
effects of oxidative insults. Concurrently, its
demonstrated capacity to suppress
neuroinflammation, likely mediated via the
inhibition of the NF-kB pathway [20], is equally
crucial. This is because chronic neuroinflammation
perpetuates a destructive cycle that exacerbates
neurodegeneration by releasing toxic mediators
and contributing to neuronal dysfunction and
death [28, 29]. The inherent advantage of MOO lies
in its capability to simultaneously address both
oxidative stress and inflammation, two tightly
interlinked and mutually reinforcing pathological
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processes in the brain.

While direct, targeted investigations into MOO's
specific anti-apoptotic effects on neurons are still
relatively limited, its proven roles in reducing
oxidative stress and inflammation inherently
diminish major triggers for neuronal apoptosis.
This indirect anti-apoptotic benefit is a critical
component of its overall neuroprotective strategy.
Moreover, the distinctive lipid composition of
MOO, particularly its richness in beneficial
polyunsaturated fatty acids [17, 33], is a
noteworthy aspect. Maintaining healthy lipid
metabolism and the structural integrity of
neuronal membranes is fundamental for optimal
function, efficient synaptic
communication, and overall neuronal resilience
against various stressors [5, 13].

Despite the promising findings, several avenues for
future research warrant exploration to fully
elucidate the therapeutic potential of Moringa
oleifera oil in neurological health. Future studies
should prioritize:

e  Elucidating Precise Molecular Targets:
Detailed investigations are needed to identify the
specific molecular targets and intricate signaling
pathways modulated by individual bioactive
components within MOO in relevant neuronal cell
lines and in vivo models of specific
neurodegenerative diseases (e.g.,, AD, PD, TBI [4,
28, 29]).

e Dose-Response and
Comprehensive dose-response
essential to determine optimal
dosages. Furthermore, understanding the
bioavailability of MOO's bioactive compounds,
particularly their ability to cross the blood-brain
barrier and reach target tissues in the brain, is
critical for translational research.

e Long-term Effects and Synergies: Research
into the long-term effects of MOO administration
and its potential synergistic interactions with
existing or emerging therapeutic interventions for
neurodegenerative diseases is crucial for its
clinical integration.

° Clinical Trials: Ultimately, well-designed
human clinical trials are necessary to validate the
efficacy and safety of Moringa oleifera oil as a
neuroprotective agent in patients suffering from or
atrisk of neurodegenerative conditions.

neuronal

Bioavailability:
studies are
therapeutic

o Gut-Brain Axis Interplay: Given Moringa
oleifera’'s known benefits on gut health [26] and
the increasing recognition of the gut-brain axis in
neuroinflammation and overall brain function
[29], further exploration of MOO's neuroprotective
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effects mediated through this axis is highly
warranted.

CONCLUSION
Moringa oleifera oil stands out as a compelling
natural product possessing significant

neuroprotective capabilities that extend far
beyond its well-established nutritional
advantages. Its ability to intricately modulate
critical cellular signaling pathways involved in
oxidative stress, inflammation, and apoptosis
offers a highly promising avenue for novel
therapeutic interventions in the challenging
landscape of neurodegenerative disorders. While
the current body of evidence is encouraging,
further rigorous and targeted research is
indispensable to fully unravel its precise
mechanisms of action, establish optimal dosages,
and ultimately validate its efficacy and safety in
human clinical settings. Such advancements could
pave the way for the integration of Moringa
oleifera oil into comprehensive strategies aimed at
promoting brain health and combating
neurodegeneration.

REFERENCES

Albasher, G., Al Kahtani, S., Alwahibi, M. S. &
Almeer, R. (2020). Effect of Moringa oleifera Lam.
methanolic extract on lead-induced oxidative
stress-mediated hepatic damage and inflammation
in rats. Environmental Science and Pollution
Research, 27, 19877-19887.

Alia, F., Putri, M., Anggraeni, N., & Syamsunarno, M.
R. A. A. (2022). The potency of Moringa oleifera
Lam. as a protective agent in cardiac damage and
vascular dysfunction. Frontiers in Pharmacology,
12, 724439.

Anderson, E. L., Stephen, S. 0., Udi, O. A., Oladunni,
E. A, & Sunday, I. P. (2023). Investigating the effect
of Mimosa pudica on dichlorvos-induced
hippocampal neurodegeneration in mice.
Phytomedicine Plus, 3(1), 100393.

Andrew, U. 0., Godswill, O. O., Mamerhi, E. T., &
Boma, D. (2023). Nutritional knowledge and body
mass index among students at Novena University,
Ogume, Nigeria. Folia Medica Indonesiana, 59(1),
14-109.

Andrew, U. 0. Ozoko, L. E. C, Kingsley, I. A,
Mamerhi, E. T., & Beauty, E. (2017). Histologic
effect of garlic extract on the spleen of adult Wistar
rats. Journal of Pharmaceutical and Biological
Science, 12, 1-4.

Anuragi, H., Singhal, R. K., Tanveer, Y., Yasmin, H,,
Srijan, A., Bharati, A., & Sabagh, A. E. (2022). The
primacy of Moringa oleifera Lam. in boosting
nutrition status and immunity defence amidst the



FRONTLINE JOURNALS

COVID-19 catastrophe: A perspective. Phytén,
91(9).

Arese, M., Bussolino, F., Pergolizzi, M., & Bizzozero,
L. (2022). An overview of the molecular cues and
their intracellular signaling shared by cancer and
the nervous system: From neurotransmitters to
synaptic proteins, anatomy of an all-inclusive
cooperation. International Journal of Molecular
Sciences, 23(23), 14695.

Ativie, N. R,, Ekhoye, E. I, Udi, O. A., Okezue, O. C,,
Ezugwu, U. A., & Ibe, N. V. (2018). Anthropometric
indicators in diet and physical activity. Asian
Journal of Advanced Research and Reports, 2(1),
1-9.

Brett, B. L., Gardner, R. C.,, Godbout, ]J., Dams-
O’Connor, K., & Keene, C. D. (2022). Traumatic
brain injury and risk of neurodegenerative
disorder. Biological Psychiatry, 91(5), 498-507.
Cerasuolo, M., Di Meo, I., Auriemma, M. C., Paolisso,
G., Papa, M., & Rizzo, M. R. (2024). Exploring the
dynamic changes of brain lipids, lipid rafts, and
lipid droplets in aging and Alzheimer’s disease.
Biomolecules, 14(11), 1362.

Cretella, A. B. M., da Silva Soley, B., Pawloski, P. L.,
Ruziska, R. M., Scharf, D. R., Ascari, J., & Otuki, M. F.
(2020). Expanding the anti-inflammatory potential
of Moringa oleifera: Topical effect of seed oil on
skin inflammation and hyperproliferation. Journal
of Ethnopharmacology, 254, 112708.
Cuellar-Nunez, M. L., Loarca-Pina, G., Berhow, M., &
de Mejia, E. G. (2020). Glucosinolate-rich
hydrolyzed extract from Moringa oleifera leaves
decreased the production of TNF-a and IL-1f
cytokines and induced ROS and apoptosis in
human colon cancer cells. Journal of Functional
Foods, 75, 104270.

Demirci-Cekic, S., Ozkan, G., Avan, A. N., Uzunboy,
S., Capanogluy, E., & Apak, R. (2022). Biomarkers of
oxidative stress and antioxidant defense. Journal of
Pharmaceutical and Biomedical Analysis, 209,
114477.

Devkota, S., & Bhusal, K. K. (2020). Moringa
oleifera: A miracle multipurpose tree for
agroforestry and climate change mitigation from
the Himalayas - A review. Cogent Food &
Agriculture, 6(1), 1805951.

Dyall, S. C., Balas, L., Bazan, N. G., Brenna, J. T,,
Chiang, N., da Costa Souza, F.,, & Taha, A. Y. (2022).
Polyunsaturated fatty acids and fatty acid-derived
lipid mediators: Recent advances in the
understanding of their biosynthesis, structures,
and functions. Progress in Lipid Research, 86,
101165.

Frontline Medical Sciences and Pharmaceutical Journal

Dzuvor, C. K. Pan, S., Amanze, C., Amuzu, P.,
Asakiya, C., & Kubi, F. (2022). Bioactive
components from Moringa oleifera seeds:
Production, functionalities and applications - A
critical review. Critical Reviews in Biotechnology,
42(2),271-293.

Eduviere, A. T., Otomewo, L. O., Udi, O. A,, Opajobi,
A. 0., & Moke, E. G. (2024). Memory-enhancing
activity of verapamil in murine models of stress.
Tropical Journal of Pharmaceutical Research,
23(9), 1423-1432.

Enye, L. A, Ebeye, A. 0., Udij, O. A, Ishola, A. O, &
Igbigbi, P. S. (2021). Mimosa pudica ameliorated
dichlorvos-induced neuro-oxidation. Toxicology
International, 203-212.

Fu, X, Su, ], Hou, L., Zhu, P.,, Hou, Y., Zhang, K., & Xu,
J.  (2021). Physicochemical and thermal
characteristics of Moringa oleifera seed oil.
Advanced Composites and Hybrid Materials, 4,
685-695.

Gogna, T. Housden, B. E., & Houldsworth, A.
(2024). Exploring the role of reactive oxygen
species in the pathogenesis and pathophysiology
of Alzheimer’s and Parkinson’s disease and the
efficacy of antioxidant treatment. Antioxidants,
13(9), 1138.

Hartman, M. L., & Czyz, M. (2020). BCL-w:
Apoptotic and non-apoptotic role in health and
disease. Cell Death & Disease, 11(4), 260.

llango, S., Paital, B., Jayachandran, P., Padma, P. R,
& Nirmaladevi, R. (2020). Epigenetic alterations in
cancer. Frontiers in Bioscience — Landmark, 25(6),
1058-11009.

Jha, M., Pasupalak, J. K, & Gupta, G. L. (2024).
Depressive behavior and BDNF/TrkB signaling. In
Handbook of the Biology and Pathology of Mental
Disorders (pp- 1-15). Cham: Springer
International Publishing.

Ju Hwang, C., Choi, D. Y., Park, M. H., & Hong, J. T.
(2019). NF-xB as a key mediator of brain
inflammation in Alzheimer’s disease. CNS &
Neurological Disorders - Drug Targets, 18(1), 3-
10.

Kapoor, B., Kapoor, D. Gautam, S., Singh, R, &
Bhardwaj, S. (2021). Dietary polyunsaturated fatty
acids (PUFAs): Uses and potential health benefits.
Current Nutrition Reports, 10, 232-242.
Mahaveerchand, H., & Abdul Salam, A. A. (2024).
Environmental, industrial, and health benefits of
Moringa oleifera. Phytochemistry Reviews, 1-60.
Nair, P. R, Kumar, B. M., & Nair, V. D. (2021).
Multipurpose trees (MPTs) and other agroforestry
species. In An Introduction to Agroforestry: Four



FRONTLINE JOURNALS

Decades of Scientific Developments (pp. 281-351).
Ngo, V. & Duennwald, M. L. (2022). Nrf2 and
oxidative stress: A general overview of
mechanisms and implications in human disease.
Antioxidants, 11(12), 2345.

Obukohwo, O. M,, Oreoluwa, O. A., Andrew, U. O., &
Williams, U. E. (2024). Microglia-mediated
neuroinflammation in traumatic brain injury: A
review. Molecular Biology Reports, 51(1), 1-13.
Ogo, A. O, EU, I. M. E, & Oloche, J. J. (2023).
Antilipidemic potentials of Moringa oleifera root
extract in poloxamer 407-induced hyperlipidemia.
Oreva, O. G. Ebeye, C. O. L, Onoriode, I. V. ],
Mamerhi, E. T. Efe, A. E., Ogagayere, L. O, &
Andrew, U. 0. (2022). The impact of pumpkin seed
extracts on the histology of the hypothalamus and
testosterone level of alloxan-induced diabetic male
rats. Asian Journal of Medicine and Health, 20(12),
1-7.

Oyem, ]. C., Chris-Ozoko, L. E., Enaohwo, M. T.,
Otabor, F. 0., Okudayo, V. A,, & Udi, O. A. (2021).
Antioxidative properties of Ocimum gratissimum
alter lead acetate-induced oxidative damage in
lymphoid tissues and hematological parameters of
adult Wistar rats. Toxicology Reports, 8, 215-222.
Oyovwi, M. 0., & Udi, O. A. (2024). The gut-brain
axis and neuroinflammation in traumatic brain
injury. Molecular Neurobiology, 1-15.

Frontline Medical Sciences and Pharmaceutical Journal



