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Introduction

Microglia, the brain’s resident immune cells, play a dual role in neuro-
toxicity. Their activation can lead to both neurotoxic inflammation and
neuroprotective effects, depending on their polarization state (M1 pro-
inflammatory vs. M2 anti-inflammatory). This article highlights the criti-
cal balance of microglial polarization and its implications for various neu-
rological disorders.[1]

This review emphasizes the significant yet often overlooked burden of neu-
rotoxicity caused by environmental pollutants. It discusses various classes
of toxins, their mechanisms of action, and the resulting neurological im-
pairments, advocating for greater awareness and preventative strategies to
mitigate these widespread risks to brain health.[2]

Chemotherapy-induced neurotoxicity (CIN) is a common and debilitating
side effect of cancer treatment. This article delves into the underlying
mechanisms of CIN, including mitochondrial dysfunction, oxidative stress,
and inflammation, and explores potential therapeutic approaches to prevent
or alleviate these neurological complications, improving patients’ quality
of life.[3]

This review summarizes the recent progress in understanding how nanopar-
ticles, due to their unique physical and chemical properties, can induce neu-
rotoxicity. It discusses various pathways of neurotoxicity, including oxida-
tive stress, inflammation, and blood-brain barrier disruption, and highlights
the need for thorough risk assessment and safe design of nanomaterials.[4]

Pesticides are a major source of environmental neurotoxicity. This review
explores the diverse mechanisms by which pesticides damage the nervous
system, including disruption of neurotransmission, oxidative stress, and
mitochondrial dysfunction, and identifies specific brain regions and cellu-
lar targets vulnerable to their toxic effects, emphasizing public health con-

cerns.[5]

Heavy metals like lead, mercury, and cadmium are well-known neurotox-
icants that can lead to severe neurological deficits. This review discusses
their mechanisms of neurotoxicity, such as oxidative stress and apoptosis,
and also explores the potential of various nanoparticles as protective agents
against heavy metal-induced neurotoxicity, suggesting novel therapeutic
avenues.[6]

Mitochondrial dysfunction is a central player in various forms of neurotox-
icity and a key contributor to the pathogenesis of neurodegenerative dis-
eases. This review elucidates how impaired mitochondrial function, in-
cluding altered energy metabolism, increased oxidative stress, and apop-
totic pathways, leads to neuronal damage and highlights mitochondria as
therapeutic targets.[7]

Drug-induced neurotoxicity poses a significant challenge in pharmacology
and medicine. This article comprehensively reviews the diverse mecha-
nisms by which various drugs exert their neurotoxic effects, including re-
ceptor dysfunction, ion channel modulation, oxidative stress, and inflam-
mation, and explores strategies for mitigating these adverse effects to im-
prove drug safety.[8]

Oxidative stress is identified as a fundamental mechanism underlying vari-
ous forms of neurotoxicity, leading to neuronal damage and cell death. This
review details how an imbalance between reactive oxygen species produc-
tion and antioxidant defenses contributes to neurotoxicity and neurodegen-
eration, highlighting the potential of antioxidant therapies.[9]

Inflammasomes, multi-protein complexes that trigger inflammatory re-
sponses, are increasingly recognized for their role in neurotoxicity and
the progression of neurodegenerative diseases. This article elucidates how
inflammasome activation in glial cells contributes to neuroinflammation,
neuronal damage, and cell death, suggesting these pathways as promising
therapeutic targets.[10]

Description

Neurotoxicity represents a significant challenge to neurological health,
stemming from a wide array of sources. These include intrinsic cellular
processes, environmental exposures, and therapeutic interventions. Un-
derstanding the mechanisms by which various agents damage the nervous
system is critical for both prevention and treatment. Studies reveal that
neurotoxicity can arise from complex cellular interactions, such as the dual
role of microglia in brain immunity, where their polarization state dictates
outcomes ranging from neurotoxic inflammation to neuroprotection [1].

Environmental factors are major contributors to neurotoxicity, often con-
stituting a neglected disease burden. Pollutants from various classes exert
damaging effects on neurological functions [2]. Specifically, pesticides
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are recognized as a significant source of environmental neurotoxicity, dis-
rupting neurotransmission, inducing oxidative stress, and causing mito-
chondrial dysfunction in vulnerable brain regions [5]. Heavy metals like
lead, mercury, and cadmium also act as potent neurotoxicants, leading to
severe neurological deficits through mechanisms such as oxidative stress
and apoptosis [6]. Interestingly, research suggests that certain nanoparti-
cles could offer protective benefits against heavy metal-induced neurotox-
icity, opening up new therapeutic possibilities [6]. The broader category of
nanoparticles themselves, due to their unique properties, can induce neu-
rotoxicity via oxidative stress, inflammation, and blood-brain barrier dis-
ruption, underscoring the necessity for rigorous risk assessment and safe
design of nanomaterials [4].

Beyond environmental exposures, medical treatments can inadvertently in-
duce neurotoxicity. Chemotherapy-induced neurotoxicity (CIN) is a preva-
lent and debilitating side effect of cancer treatment. Its mechanisms involve
mitochondrial dysfunction, oxidative stress, and inflammation, prompting
research into strategies to alleviate these complications and improve patient
quality of life [3]. Similarly, drug-induced neurotoxicity is a major con-
cern in pharmacology. Various drugs can exert neurotoxic effects through
diverse pathways, including receptor dysfunction, ion channel modulation,
oxidative stress, and inflammation. Efforts are underway to devise strate-
gies to mitigate these adverse effects and enhance drug safety [8].

At the cellular level, several fundamental mechanisms underpin various
forms of neurotoxicity. Oxidative stress is consistently identified as a cru-
cial player, leading to neuronal damage and cell death. An imbalance be-
tween reactive oxygen species production and antioxidant defenses con-
tributes significantly to neurotoxicity and neurodegeneration, highlighting
the therapeutic potential of antioxidant interventions [9]. Mitochondrial
dysfunction also plays a central role, not just in neurotoxicity but also in the
pathogenesis of neurodegenerative diseases. Impaired mitochondrial func-
tion, marked by altered energy metabolism, increased oxidative stress, and
activation of apoptotic pathways, directly contributes to neuronal damage
[7]. This makes mitochondria promising targets for therapeutic interven-
tion [7].

Inflammatory processes are intricately linked to neurotoxicity. Inflamma-
somes, which are multi-protein complexes that trigger inflammatory re-
sponses, are increasingly implicated in neurotoxicity and the progression
of neurodegenerative diseases. Their activation in glial cells contributes to
neuroinflammation, neuronal damage, and cell death, suggesting that these
pathways could be promising therapeutic targets [10]. Collectively, these
studies underscore the complex interplay of internal and external factors
in causing neurotoxicity. A holistic understanding of these diverse mecha-
nisms is essential for developing effective preventative measures and novel
therapeutic strategies to protect brain health.

Conclusion

Neurotoxicity is a complex and significant threat to brain health, arising
from various internal and external factors. Research highlights that intrin-
sic cellular mechanisms, such as the polarization state of microglia, can
either promote neurotoxic inflammation or offer neuroprotection, under-
scoring a critical balance for neurological disorders [1]. Environmental

exposures represent a major, often overlooked, source of neurotoxicity, in-
cluding pollutants, pesticides, and heavy metals like lead, mercury, and
cadmium, all of which induce neurological impairments through mecha-
nisms such as oxidative stress, mitochondrial dysfunction, and apoptosis
[2, 5, 6]. Even nanomaterials, due to their unique properties, can con-
tribute to neurotoxicity by causing oxidative stress, inflammation, and
blood-brain barrier disruption, necessitating careful risk assessment [4].
Furthermore, medically-induced neurotoxicity is a considerable concern.
Chemotherapy-induced neurotoxicity is a debilitating side effect of can-
cer treatment, often involving mitochondrial dysfunction, oxidative stress,
and inflammation [3]. Similarly, various drugs can exert neurotoxic effects
through receptor dysfunction, ion channel modulation, oxidative stress, and
inflammation, prompting efforts to improve drug safety [8]. At the molec-
ular level, oxidative stress is a fundamental mechanism driving neuronal
damage and cell death across many forms of neurotoxicity, suggesting an-
tioxidant therapies as a potential avenue [9]. Mitochondrial dysfunction
is another central player, contributing to neurotoxicity and neurodegener-
ative diseases through impaired energy metabolism, increased oxidative
stress, and apoptotic pathways [7]. Lastly, inflammasomes in glial cells
are increasingly recognized for their role in neuroinflammation and neu-
ronal damage, identifying them as promising therapeutic targets [10]. This
comprehensive understanding of diverse neurotoxic pathways is crucial for
developing effective preventative and therapeutic strategies.
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