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ABSTRACT

Neurotrauma is a serious medical issue, and the mechanisms underlying this pathology are still being studied. It is
known that while damaged tissues such as muscles and skin heal without any physiological dysfunction, neurotraumas
do not heal properly and undergo functional alterations. Brain injury leads to a neuronal deficit, and the response to glial
cell injury involves tissue repair and strengthening in the central nervous system (CNS). In neurotrauma such as spinal
cord injury (SCI), various cells are activated, including astrocytes, pericytes, fibroblasts, and Schwann cells, which
contribute to glial cell growth and promote fibrotic scarring. Phagocytic cells also participate in the injury by releasing
pro-inflammatory cytokines and activating adhesion molecules. Immune cells such as monocytes and neutrophils infiltrate
the lesion and mediate inflammation by producing cytokines and chemokines. The neuroinflammation mediated by pro-
inflammatory cytokines represents a crucial point of this brain trauma. In this inflammation, where microglia participate,
producing pro-inflammatory cytokines and chemokines, endothelial cells are activated with the upregulation of selectins
and adhesion molecules. In this complex mechanism, macrophages intervene and contribute to tissue repair and healing.
The innate immune response leads to the alteration of the NLRP3 inflammasome with tissue damage and neurological
disorders, topics that will be covered here in this paper.
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INTRODUCTION

Neurotrauma is a sudden injury to the central nervous system (CNS) that includes traumatic brain injury (TBI) and
spinal cord injury (SCI). It is a prevalent cause of morbidity and mortality worldwide in the population of individuals
aged 45 years and younger (1), with the leading cause being falls and motor vehicle accidents (2).

The injury consists of a sudden, traumatic blow to the brain or spine. SCI involves damage to the spinal cord, resulting
in temporary or permanent functional changes. TBI occurs from an external mechanical force to the head that results in
an intracranial injury, with damage to the structure or functioning of the brain (3). TBIs are classified based on level of
severity and mechanism of injury, but even a minor non-concussive event has the capacity to produce long-term effects
(4).

Following the damage induced by the primary injury to the CNS, a secondary pathological injury occurs that causes

an inflammatory response, which can help to repair and regenerate neurons or can exacerbate neurodegeneration (5). The
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immune response during this secondary injury process is critical in determining the direction of healing, as it can be
beneficial and restorative for tissue repair or create further damage with a prolonged and overactive state of inflammation.

The pathophysiological mechanism of neurotrauma

Damaged tissue such as muscle and skin are generally followed by a healthy tissue repair response through a process
involving inflammation, angiogenesis, matrix deposition, and cell recruitment, which allows for healing without
physiological dysfunction (6). Neurotraumas differ, as they do not heal properly and undergo functional alterations with
structural and chemical disruptions and altered metabolic functioning of neurons (7). The pathophysiological mechanisms
accompanying biomechanical injury and tissue damage are still being studied, but growing evidence implicates the role
of the immune system in the response and repair process that follows neurotrauma (8-10).

Neurotrauma is associated with increased permeability of the blood-brain barrier (BBB), altered axonal transport, and
disrupted functions of neuronal and glial cells (11). The primary, mechanical cerebral injury of TBI results in direct tissue
damage and impaired metabolic regulation that can be described as an ‘ischemia-like’ pattern, which results in lactic acid
accumulation due to anaerobic glycolysis and increased membrane permeability and subsequent depolarization and the
release of neurotransmitters and other compounds that disrupt intracellular processes (1). Structural changes affecting the
biological membranes and nucleosome DNA take place, and cellular structures are degraded with subsequent cell death
(12).

After the initial, primary brain injury, there are a series of complex pathophysiological mechanisms that take place, a
reaction that is termed the “secondary injury”. These two events, the primary and secondary injuries, cause
neuropathology.

Brain injury results in neuronal damage and primary cell death in the CNS, and the secondary injury can lead to further
neuron death, depending on factors such as metabolic and trophic processes and gene transcription (13). The secondary
injury involves changes in the CNS including increased or decreased blood perfusion, dysfunction of cerebrovascular
autoregulation, loss of oxygenation, metabolic dysfunction, and cell death resulting from inflammation (1).

A continued state of inflammation that is mediated by microglia can continue the secondary injury and can result in
chronic neuroinflammation and the progression and development of neurodegenerative disorders (14).

Secondary injury in neurotrauma: an inflammatory cascade

The damaging mechanical forces of neurotrauma results in tissue damage, disrupted CNS homeostasis, and neuronal
cell death. This is followed by a cascade of cellular responses that can be reparative or cause secondary cellular injury.

Following a neurotrauma such as SCI, a neuronal deficit activates the immune response in the CNS of tissue repair
and strengthening and axon regeneration. Various glial cells such as astrocytes, pericytes, fibroblasts, endothelial cells,
and Schwann cells are activated, which contributes to glial cell growth and promotes fibrotic scarring (15). Glial cells
serve supportive functions for neurons by modulating synaptic interactions, providing structural support, and aiding, or
sometimes preventing, neuronal recovery following neurotrauma (16).

With sudden injury to the CNS, there is axon damage to neurons which interferes with cell signaling with the loss of
synaptic connections and propagation, and cell death (17). Glial cells release toxins and cytokines in response to the
mechanical damage of the injury, which can go on to damage surrounding remaining tissue that was not mechanically
injured by the initial trauma (15). Signaling cascades ensue with the infiltration of nonresident cells. Successively,
fibroblasts are activated and inhibitory extracellular matrix (ECM) proteins such as chondroitin sulfate proteoglycans
(CSPGs) are generated that prevent axon growth (18).

Following this, the secondary injury ensues with further disruption to neuronal functioning. These primary and
secondary injuries result in activated glial cells and the formation of cellular scars at the injury site of the spinal cord. The
fibrotic scar is largely composed of collagen, fibronectin, and laminin deposits in the core of the lesion (17).

Phagocytic cells also participate in the injury. Monocytes and macrophages detect damaged tissues via damage-
associated molecular patterns (DAMPSs) and when they are activated, they release anti-inflammatory molecules and
neurotrophic factors, beneficial for tissue regeneration, but also secrete pro-inflammatory cytokines which can exacerbate
secondary injury (19). Studies of monocyte and macrophage processes have revealed that M1 macrophages participate in
inflammation by cytokine release and tissue degeneration, while M2 macrophages contribute to neuronal repair and
healing (20).

This innate immune response leads to alterations of the NLRP3 inflammasome, which is involved in the
physiopathology of diverse neurological disorders such as Alzheimer’s disease, Parkinson’s disease, and multiple
sclerosis (21). The induction of NLRP3 leads to cleavage of caspase-1 and the maturation of IL-1, which is released and
recruits further immune cells from the ECM, adding to inflammation and tissue damage (21,22).
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Microglia are innate immune cells ubiquitous throughout the CNS that act similarly to macrophage cells. They are
quick to respond following brain and spinal cord injury and play a vital role in the reparation process (23). They react
swiftly to neurotrauma by releasing pro-inflammatory mediators that recruit other inflammatory cells including
neutrophils and monocytes (24). Monocytes, glial cells, and neutrophils, which detect damaged tissue and promote the
breakdown and clearance of debris at the injury site, release pro-inflammatory mediators with the activation of endothelial
cells and the upregulation of selectins and adhesion molecules. Secondary damage is inflicted with the release of
inflammatory cytokines IL-1, IL-6, and tumor necrosis factor (TNF) (25-27).

CONCLUSIONS

With brain trauma, neuroinflammation is mediated by pro-inflammatory cytokines (28). In TBI, If the microglial
response subsides after neuronal repair and homeostasis is restored, the secondary injury period is neuroprotective. But
continual microglial activation in the CNS and an exaggerated, chronic state of inflammation is damaging to neurons.
This harmful inflammatory reaction can cause neuronal dysfunction and interfere with gene suppression and lead to
neurological disorders.

CNS axon regeneration with glial cells is now being targeted as a focus of therapeutic efforts in neurotrauma, as
damaged cells are involved in scar formation and an ensuing inflammatory process that prevents neuronal axon growth
(29).

In conclusion, the immune response is vital to neurological tissue repair and regeneration after neurotrauma, but also
can cause a harmful inflammatory response that contributes to neuronal death and neurodegeneration.
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