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Introduction
Traumatic Brain Injury (TBI) is one of the leading causes of morbidity 

and mortality worldwide. It refers to any physical damage to the brain, often 
resulting from a sudden blow to the head, an object penetrating the skull, 
or whiplash-type injuries. It encompasses a wide range of conditions, from 
mild concussions to severe injuries that cause irreversible brain damage. In 
addition to the mechanical damage, TBI also triggers a cascade of biochemical 
processes that result in secondary injury, one of the most significant being 
neuroinflammation. Neuroinflammation is a complex biological response 
by the brain’s immune cells to various insults, including trauma, infection, 
or neurodegeneration. It involves the activation of glial cells—microglia and 
astrocytes—and the release of pro-inflammatory cytokines, chemokines and 
other molecules. While neuroinflammation is initially protective, intended 
to limit damage and promote repair, it often becomes dysregulated, leading 
to prolonged inflammation that can worsen the injury and lead to long-term 
cognitive, emotional and motor impairments. Thus, neuroinflammation plays 
a pivotal role in the pathophysiology of TBI and offers an important target for 
therapeutic intervention [1].

NMDA receptor antagonists, such as memantine, are primarily used in 
the treatment of Alzheimer's disease, but their potential in TBI has also been 
explored. These drugs work by blocking the excitotoxic effects of glutamate, 
a neurotransmitter that can contribute to neuronal injury in TBI. Glutamate 
excitotoxicity leads to calcium influx into neurons, triggering a cascade of 
events that culminates in cell death. By blocking NMDA receptors, these 
antagonists may reduce neuronal damage, protect against inflammation and 
improve recovery. Although the results of clinical trials have been mixed, the 
ongoing exploration of NMDA antagonists offers hope for neuroprotective 
strategies in TBI [2].

Description
Neuroinflammation is a hallmark of many neurological conditions, 

including TBI, Alzheimer’s disease, Parkinson’s disease and multiple sclerosis. 
After a traumatic event, the brain experiences immediate and delayed 
consequences, including both primary and secondary injury mechanisms. The 
primary injury is the direct mechanical damage caused to the brain structures, 
which results in tissue rupture, blood-brain barrier disruption and neuronal 
loss. However, it is the secondary injury, which can unfold over hours to days 
after the initial trauma, that is largely driven by neuroinflammatory processes 
and contributes significantly to the long-term damage. The primary mediators 
of neuroinflammation in the brain are glial cells, specifically microglia and 
astrocytes. These cells play critical roles in both the response to injury and the 
regulation of inflammatory processes. Microglia are the resident immune cells 
of the Central Nervous System (CNS). Under normal conditions, they maintain 

homeostasis by continuously surveilling the brain for pathogens, debris, 
or signs of injury. Upon injury, microglia become activated, changing shape 
and increasing the production of pro-inflammatory molecules, such as tumor 
necrosis factor-alpha (TNF-α), interleukins (IL-1β, IL-6) and Reactive Oxygen 
Species (ROS). While this response is meant to promote healing, it can become 
maladaptive, contributing to tissue damage if prolonged. Astrocytes are another 
type of glial cell that respond to brain injury by undergoing reactive astrogliosis. 
This process involves the proliferation and hypertrophy of astrocytes and the 
formation of a glial scar, which serves to limit the spread of damage. However, 
while this reactive response can be protective, the overproduction of glial scar 
tissue can impair neuronal regeneration and recovery, hindering functional 
recovery. Additionally, astrocytes, like microglia, contribute to the release of 
inflammatory mediators that exacerbate neuronal injury [3].

The activation of these glial cells sets in motion a complex series of 
inflammatory events that propagate the secondary damage following TBI. One 
of the key features of neuroinflammation in TBI is the imbalance between pro-
inflammatory and anti-inflammatory responses. An excessive pro-inflammatory 
response can lead to neuronal death, tissue necrosis and disruption of the 
blood-brain barrier, all of which worsen the injury and contribute to long-
term deficits. The blood-brain barrier plays a critical role in maintaining the 
homeostasis of the brain, protecting it from harmful substances and pathogens 
circulating in the bloodstream. However, in TBI, the BBB is often compromised. 
Mechanical injury to the brain causes direct damage to endothelial cells that 
line the blood vessels, allowing the leakage of blood components into the brain 
parenchyma. This leakage not only contributes to tissue swelling (cerebral 
edema) but also triggers the activation of inflammatory pathways. Inflammatory 
cytokines can further exacerbate the breakdown of the BBB, creating a vicious 
cycle of inflammation and damage [4].

The release of pro-inflammatory cytokines and other mediators is a key 
feature of neuroinflammation in TBI. Cytokines such as TNF-α, IL-1β, IL-6 
and IL-18 are elevated in the cerebrospinal fluid and serum following TBI 
and are associated with worse outcomes. These molecules are not only 
involved in amplifying the inflammatory response but also directly contribute 
to neuronal injury. For example, TNF-α has been shown to increase neuronal 
apoptosis (programmed cell death), while IL-1β contributes to the disruption 
of the blood-brain barrier and the recruitment of immune cells into the injured 
brain. In addition to cytokines, other inflammatory mediators, such as ROS 
and prostaglandins, play a role in neuroinflammation. ROS are highly reactive 
molecules that can cause oxidative damage to proteins, lipids and DNA, 
further exacerbating neuronal injury. Prostaglandins, which are produced 
from arachidonic acid by cyclooxygenase enzymes (COX-1 and COX-2), 
also contribute to neuroinflammation and neuronal death after TBI. Given 
the central role of neuroinflammation in the pathophysiology of TBI, several 
pharmacological strategies have been developed to modulate this process. The 
aim is to reduce the secondary injury and promote recovery by either inhibiting 
excessive inflammation or enhancing protective anti-inflammatory pathways. 
Below are some of the most promising pharmacological interventions currently 
under investigation [5].

Conclusion
Traumatic Brain Injury remains a major public health concern, with 

neuroinflammation playing a crucial role in the progression of secondary injury 
and long-term neurological deficits. The activation of glial cells, the release 
of pro-inflammatory cytokines and the disruption of the blood-brain barrier all 
contribute to the exacerbation of brain damage following injury. Pharmacological 
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interventions aimed at modulating neuroinflammation offer a promising avenue 
for improving outcomes in TBI patients. However, while preclinical studies show 
promising results, clinical trials have yielded mixed outcomes, highlighting the 
need for further research to identify the most effective therapeutic strategies. 
As our understanding of the complex interplay between neuroinflammation 
and brain injury continues to evolve, novel pharmacological approaches may 
hold the key to reducing the burden of TBI and improving the quality of life for 
those affected by this devastating condition. Ongoing research into the precise 
mechanisms of neuroinflammation and the development of targeted therapies 
will be essential to advancing treatment options for TBI in the future.
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