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Abstract

Traumatic brain injury (TBI) is a large-scale health issue which reports high levels of long-term disability and death.
Beyond the initial mechanical damage TBI sets in motion a series of secondary injury processes in which neuroin-
flammation is very much at the core. In this review we look at the patho-physiological processes which follow TBI
with a close look at glial cell action, inflammasome signaling, and the chronic inflammatory environment which play
a role in the development of long-term neurodegeneration.

After TBI the blood barrier breaks down which in turn allows for peripheral immune cells to enter the central ner-
vous system. Resident microglia and astrocytes become activated which in turn produce a range of pro inflammatory
cytokines and reactive oxygen species. This immune response which is at first protective can become dysregulated
and may persist over time thus contributing to ongoing neuronal damage and synaptic dysfunction. In the center of
this response are inflammasomes which are the NLRP3 inflammasome that play a role in the maturation and release
of key pro inflammatory cytokines like IL-1beta and IL-18.

Chronic neuroinflammation in the wake of TBI is reported to play a large role in progressive cognitive decline and
in the increase of neurodegenerative diseases such as Alzheimer’s and Parkinson's. We present a review of present
research related to the cell and molecular bases of inflammation post TBI which also puts into focus the roles of
microglia, astrocytes, inflammasomes, and systemic immune responses.

These we have as a base which is then used to put forth new therapeutic approaches which in turn will improve the
long-term effects of TBI. We see in chronic neuroinflammation a very promising area for intervention to better the
health outcomes in TBI patients and to also in turn reduce the social impact of what is a very complex and at time
disabling condition. )
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Introduction (BBB), infiltration of peripheral immune cells, and activation of
Traumatic brain injury (TBI) refers to damage to the brain re- resident glial populations such as astrocytes and microglia. Both
sulting from external mechanical forces such as blunt trauma, the initial mechanical insult and the subsequent inflammatory
blast injuries, or penetrating objects. These injuries disrupt nor-  response contribute significantly to long-term morbidity, mortal-
mal brain function and trigger a complex cascade of second- ity, and reduced quality of life in affected individuals [1].

ary events, including the breakdown of the blood-brain barrier
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TBI is clinically classified into mild, moderate, and severe cat-
egories based on parameters such as the Glasgow Coma Scale
(GCS), duration of loss of consciousness (LOC), post-traumatic
amnesia (PTA), and neuroimaging findings. Mild TBI is char-
acterized by a GCS of 13—-15, LOC under 30 minutes, and PTA
lasting less than one day, typically with normal imaging. Mod-
erate TBI includes a GCS of 9-12, LOC lasting 30 minutes to
24 hours, and PTA of 1-7 days. Severe TBI is defined by a GCS
score of 3-8, LOC exceeding 24 hours, and PTA longer than 7
days, with neuroimaging findings ranging from normal to se-
verely abnormal.

Epidemiologically, TBI affects an estimated 69 million people
worldwide annually, with incidence rates approximately three
times higher in low- and middle-income countries compared to
high-income nations [2].

TBI-related brain injuries are broadly categorized into primary
and secondary injuries. Primary injury occurs now of impact and
involves localized tissue damage. Secondary injury evolves over
hours to days post-injury and is characterized by widespread
neuronal dysfunction caused by mechanisms such as diffuse ax-
onal injury, intracranial edema, excitotoxicity, oxidative stress,
and neuroinflammation.

At the cellular and molecular level, traumatic impact triggers the
release of pathogen-associated molecular patterns (PAMPs) and
damage-associated molecular patterns (DAMPs) from injured
cells. These molecules activate inflammatory cascades, leading
to disruption of CNS homeostasis. Ionic imbalance occurs due
to the dysregulated activity of glutamate, a major excitatory neu-
rotransmitter. Neuronal depolarization results in excessive glu-
tamate release, which promotes excitotoxicity and alters ionic
gradients—Ileading to sodium and calcium influx and potassium
efflux.

This ionic dysregulation places significant metabolic stress on
neurons. ATP-dependent ion pumps, particularly the Na*/K*-AT-
Pase, are overactivated to restore homeostasis, resulting in ac-
celerated ATP depletion. Mitochondrial dysfunction ensues as
calcium accumulates intracellularly, impairing ATP synthesis
and promoting hyper glycolysis and lactate buildup. The com-
bined energy deficit and calcium overload trigger enzymatic
pathways that culminate in programmed cell death and further
tissue damage [3].

Neuroinflammation and the Role in TBI

The central nervous system (CNS) has historically been regard-
ed as immunologically privileged, with the blood-brain barri-
er, microglia, and cytokines tightly regulating inflammation. In
healthy CNS, resting microglia, characterized by elongated pro-
cesses, maintaining homeostasis by clearing cellular debris and
modulating neuronal connectivity. Following traumatic brain
injury (TBI), microglia detect pathogen- and damage-associated
molecular patterns (PAMPs and DAMPs) via Toll-like receptors
(TLR) and nucleotide-binding oligomerization domain (NOD)-
like receptors, adopting an activated, amoeboid morphology to
migrate to the injury site. Activated microglia is traditionally
categorized into pro-inflammatory M1 and neuroprotective M2
phenotypes, with M1 expressing pro-inflammatory cytokines
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(e.g., TNF-0) and M2 promoting anti-inflammatory responses
and tissue repair via IL-10 secretion.

However, recent studies challenge this binary classification, pro-
posing a spectrum of microglial activation states. For instance,
M2 subtypes (M2a, M2b, M2c, M2d) exhibit distinct functions,
such as enhanced phagocytosis (M2a), mixed inflammatory ac-
tivity (M2b), tissue remodeling (M2c), or angiogenesis (M2d).
Emerging evidence suggests that microglial identity may be bet-
ter defined by gene expression profiles or surface markers, par-
ticularly in chronic conditions like Alzheimer’s disease, where
disease-associated microglia (DAM) play a critical role in pa-
thology. This evolving understanding of microglial dynamics
underscores the need for refined therapeutic strategies targeting
neuroinflammation in TBI [3].

After a trauma the microglia and the astrocytes activate and
interact to begin with their inflammatory process. Astrocytes,
similarly, to microglia, maintain CNS homeostasis and regulate
inflammatory cytokine release regulated by formation of the in-
flammasome. Astrocytes are the most numerous cell type in the
brain and have several roles in maintaining the CNS environ-
ment and together with neurons maintain ionic and water bal-
ances, control blood flow, form the BBB, and modulate synaptic
transmission. Another characteristic astrocyte shared with mi-
croglia are their long processes that sample their environments
for changes in homeostasis. Astrocytes form complex networks
of gap junctions and closely adhere to neurons, and through
unique end-feet adhere to blood vessels forming the BBB.

Once homeostasis is disrupted, astrocytes become activated (as-
trogliosis), which is indicated by an increase of glial fibrillary
acidic protein (GFAP), and like microglia, secrete numerous in-
flammatory products, including cytokines and chemokines such
as IL-1B, TNF-a, growth factors and ROS. Factors that stimulate
astrogliosis are DAMPs, PAMPs, cytokines from microglia, Ap
from neurons, albumin from BBB disruption, and synaptic glu-
tamate and ATP. In fact, the exact mechanism of astrogliosis is
still not fully understood.

Blood brain disruption is another key factor that allows the
monocyte entry into the CNS which has a role in inflammation
secondary to the injury. Even in mild TBI, where major bleeding
is not present, the BBB structure can be damaged or altered both
acutely and chronically, even several months and years after the
traumatic event as shown in human post-mortem tissue and in
preclinical models. The consequences of primary injury on the
BBB structure depend on the age, the type, and the severity of
the lesion.

The “opening” of the BBB can be seen as early as 3 min after
injury in a concussion model. The tight junction protein complex
could be altered after TBI. In fact, pial, and intracerebral blood
vessels present decreased claudin-5 and occluding expressions
soon after injury [4].The mitogen-activated protein kinase 5
(MEKS5)/extracellular signal-regulated kinase 5 (ERKS5) path-
way, a member of the conventional mitogen-activated protein
kinase (MAPK) family, modulates inflammation in traumat-
ic brain injury (TBI). Activated by stressors such as cytokines
and physical trauma, this pathway involves a cascade where
MAPK kinase kinases (MAP3Ks) phosphorylate MAPK kinases
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(MAP2Ks), which activate effector MAPKs, including MEKS5/
ERKS. Once activated, ERKS5 translocate to the nucleus, phos-
phorylating substrates like transcription factors to regulate cell
survival, proliferation, and apoptosis.

In TBI, MEKS5/ERKS downregulates pro-inflammatory factors
and cell cycle proteins, mitigating microglial polarization and
B-cell apoptosis, thus offering a potential therapeutic target for
managing neuroinflammation [3].

The assembly of the inflammasome- a multi-protein complex-
occurs as a response of the innate immunity. To identify in-
flammasomes, we utilize their sensor protein, which may have
NLR, an absent in melanoma 2 (AIM2) like receptor (ALR),
or pyrin. Inflammasomes belonging to the NLR group, which
includes NLRP1, NLRP3, and NLRC4, are further categorized
based on whether their nucleotide binding regions contain an
activation and recruitment domain for caspase (NLRC) or pyrin
(NLRP). The inflammasome complex consists of caspase-1 and
usually contains an adaptor protein known as apoptosis-associ-
ated speck-like protein containing a caspase recruiting domain
(ASC). Once the inflammasome is activated, ASC is oligom-
erized and thus allows pro-caspase-1 to bind to it and become
activated. The activation of caspase-1 results in the cleavage
and subsequent activation of IL-18 and IL-1B, as well as the
formation of a pyroptotic pore via the cleavage of gasdermin-D
(GSDMD). Due to this process, pyroptotic cell death and the
concomitant release of inflammatory cytokines and the intracel-
lular components occurs [3].

Chronic Inflammation

The T Cells possess an important role in chronic traumatic brain
injuries. In the referenced study, it was determined in an exper-
iment between two groups of mice the impact of these cells on
neuronal loss, motor function, and fear memory. Genetic T cell
deletion mice (which lack T Cells) and Wildtype mice were tak-
en in comparison. After three months of TBI-Injury, controlled
cortical impact assessing behavioral, histological, and immune
system response results were recorded. Neuronal loss can be re-
duced in absence of T Cells as it is the case in T Cell deletion
mice. However, lack of T cells led to alteration of freezing time
in fear memory test. It causes changes in fear memory process-
ing.

It changed the injured brain’s response from conditioning fear
to contextual fear because the fear was tested on 2 days in a
row and the freezing time on the second day was longer. Despite
unchanged lesion volume in both groups, the absence of T lym-
phocytes reduces monocytic infiltration into the brain 3 months
after TBI. So, we can see that chronic neuroinflammation is T
Cell dependent post TBI. Furthermore, the activation markers
MHCII and IFNy were reduced in monocytes in T Cell dele-
tion mice. This is the case for Microglial due to lower levels of
CD204 as well. As a result, absence of T cells shows a reduced
activation of monocytes and microglial which is beneficial for
reducing the chronic neuroinflammation post TBI [5].

Alzheimer’s disease shares many characteristics with TBI, in-
cluding neuronal loss, chronic inflammation, structural dam-
age and behavioral impairments. Additionally, they have many
pro-inflammatory pathways in common, such as NLRPI,
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NLRP3, AIM2, ASC speck activity, cytokine release, proptosis,
and chronic microglia activation, promoting neuronal loss. This
loss releases damage-associated molecular patterns (DAMPs)
which initiate a cycle of chronic inflammation and inflam-
masome activation enhancing neuronal degeneration further.
Alzheimer’s disease is influenced by genes strongly. However,
TBI relies on environmental factors. TBI conducts to the aggre-
gation of AP and tau proteins due to decreasing of their glym-
phatic and lymphatic clearance. TBI facilitates the occurrence
of AD onset by 4 - 10 years in predetermined people. Therefore,
inhibition of inflammatory cells, like microglia and astrocytes,
can play a crucial role in reducing the risk of AD post-TBI. In
TBI, the location and the severity of the injury have a decisive
role in determining the damage degree. Nevertheless, TBI is a
risk factor in developing AD, but it does not ensure the onset of
the disease [6].

Factors prior to TBI can have an impact on the recovery pro-
cess, such as stress. Weight loss of 9 — 10 % post-TBI in mice
was measured. Stress had no effect on it because the same out-
come was observed in the control group. Furthermore, the spa-
tial learning process with prior stress exposure was examined.
During the first days of post-TBI, stress exposure impaired the
spatial learning process. Nevertheless, this finding was deter-
mined to be transient because the testing of stress exposure on
chronic neuroinflammation 30 days post-TBI showed improve-
ment and was at the same level as without pre-stress exposure.
Stress exposure plays a negative and prolonged role in hypo-
thalamic-pituitary-adrenal axis activity. It elevated the neuroin-
flammatory markers like IL-1f, IL-6, TNF-a, and MCP-1 levels.
This leads to prolonged recovery and amplified inflammation re-
sponse which affects the cognitive deficits correspondingly [7].

The Effects of Hypobaric (HB) exposure was measured in many
tests to examine its negative impact on post-TBI injuries in sec-
ondary neuroinflammatory mechanisms. Morris Water Waze test
determines the negative changes that occur at the level of cogni-
tive impairments especially in memory and spatial learning post-
TBI injury. It worsens the ability for spatial search strategies and
increases the inefficient looping behavior within 6 - 72 hours of
post TBI.

Besides, depressive-like behaviors are elevated at 6 hours post-
TBI as shown in the forced swim test. Additionally, it leads
to increased neuronal loss in hippocampus, especially in the
CAl, CA2/3, and dentate gyrus regions because HB exposure
reinforces microglial activation and astrocyte reactivity in the
injured cortex up to 30 days post-TBI. This causes worsening
of cognitive deficits. On the other hand, HB exposure does not
show significant change of motor recovery and does not show
worsening of lesion volume after mild TBI, as demonstrated by
the Cavalieri method of unbiased stereology [8]. Another study
also exhibited the same outcome in the hypobaric exposure led
to the neuroinflammation, associated cell death and the cell cy-
cle activation. Treatment with cell cycle inhibitor CR8 can miti-
gate these negative effects remarkably [9].

TBI can cause cognitive, motor, or mood neuropsychiatric defi-
cits acutely after injury and can develop chronically. This occurs
due to the upregulation of pro-inflammatory cytokines / chemo-
kines like (IL-1b, CCL2, TNF alpha) which leads to neuroin-
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flammation because of microglial activation. This can endure for
long time post-TBI. The study provided an example about the
presence of CD68+ microglia after one year of controlled cor-
tical impact injury. Frequently injuring the head of mice shows
elevated levels of microglia and astrocytes which indicate the
white matter damage.

It aligns with hippocampal-dependent learning deficits 12 — 18
months post injury [10]. However, microglial priming lasted
with high activity 30 days post-TBI. The results of the experi-
ments demonstrated impairment in anterograde learning which
was not present on day 7 post-TBI. In the mentioned experi-
ment, the study highlighted the worsening of the cognitive defi-
cits when a new immune response occurs after 30 days post
TBI, like the presence of the injected LPS in experimental mice.
The monocyte/macrophage (CD11b+ /CD45high) was elevat-
ed which enhanced the neuroinflammation. This was driven by
resident microglia specifically in CA3 of the hippocampus that
increased the levels of the neuroinflammatory mRNA (IL-1b,
CCL2, and TNF alpha). Oppositely, the intensity of astrocytes
reactivity was unchanged after the new immune response and
the neurogenesis in hippocampus was not affected by this re-
sponse either [11].

Hyperglycemia enhances neuroinflammation, the cognitive and
motor impairments compared to sham rats without DM type 2.
It demonstrated the worsening of neuronal degeneration and at-
rophy. At the molecular level, diabetes mellitus type 2 increases
proinflammatory cytokines (IL-13, TNF-a) and decreases the an-
ti-inflammatory factors (IL-10, TGFp). These effects are caused
by the inhibition of the MEKS5/ERKS pathway. This pathway
regulates the expression of apoptosis markers, caspase-3 and the
Bax/Bcl-2 ratio, preventing neuronal death and neuroinflamma-
tion. Treating hyperglycemia post-TBI should also be taken into
consideration [12]. Physical exercise can influence neuroin-
flammation actively. The degree of the impact depends on the
timing of doing physical activities. Therefore, it was examined
further at different times in relation to TBI. The memory impair-
ment was enhanced in all exercise conditions, such as pre-TBI,
late phase TBI etc., except for time during early TBI.

Additionally, exercise during pre- TBI supports neuronal pro-
tection. It prevents the neuronal death and microglial activation
in hippocampus. On the opposite side, late TBI preserved the
hippocampus volume and reduced loss of mature neurons and
neuroinflammation. Next, the mice receive physical exercises
at different times. The first combination Pre-TBI and TBI-ear-
ly revealed improvement in memory without affecting neuronal
death or activation of neuroinflammatory cells. The second com-
bination, Pre-TBI and TBI-late, illustrated similar results but it
had a weaker impact on neuronal death and inflammation com-
pared to TBI-late version alone [13].

N-docosahexaenoylethanolamine (DHEA)

N-docosahexaenoylethanolamine (DHEA) is a possible treat-
ment that can help in the recovery of cognitive deficits after
a mild TBI. It was administered at 10 mg/kg/day for 7 days.
DHEA is neuroprotective in decreasing pro-inflammatory mole-
cules like cytokines (IL1f, IL6), reactive oxygen species, nitric
oxide, nitrites, and CD86. Synchronously, it elevates the anti-in-
flammatory CD206 and the antioxidant enzyme superoxide dis-
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mutase. It helps inhibit the pro-inflammatory microglia and alle-
viate cognitive impairments like anxiety and long-term memory
deficits. These indicate the high efficacy of the use of DHEA
against neuroinflammation [14].

MCC950

The inhibition of the NLRP3 inflammasome plays a crucial role
in BBB stability and decreasing rupture, and degree of neurolog-
ical damage post-TBI. This prevents the activation of the proin-
flammatory caspase-1. A pre-treatment with MCC950 revealed a
decline in BBB integrity and enhanced the neurological impair-
ments. It elevates the neuroinflammatory response of astrocytes
and microglial cells in expressing cytokines. On the other hand,
providing 3mg/kg of MCC950 1-hour post-TBI depletes the ex-
pression of the cytokines and improves the BBB integrity and
the neurological deficits as well. This drug has parodical roles
depending on the administration time, either pre- or post-TBI.
The expression of the proinflammatory cytokine IL1f remained
unaffected in both experiments showing the independence of
NLRP3 inhibition on its production [15].

Glucose-Dependent Insulinotropic Polypeptide (GIP)
Glucose-Dependent Insulinotropic Polypeptide (GIP) reveals
a high efficacy against cognitive and motor impairments like
recognition memory, balance and motor coordination over 4
weeks. These effects are achieved by a high dose of GIP. GFAP,
APP and BMX (nonreceptor protein involved in chronic neu-
roinflammation) levels were reduced from the first day post-TBI
and sustained throughout the entire study period. A decrease in
GFAP, biomarker for acute and chronic astrogliosis, indicates an
ameliorated anti-inflammatory response. Depletion of APP level
protects the neurons, as its elevation is a biomarker for neuronal
injury and degeneration. The accumulation of AR post-TBI is di-
minished. Therefore, the risk of developing Alzheimer’s disease
is also low. The results of this study demonstrate the neuropro-
tective and anti-inflammatory activity of GIP [16].

Intranasal delivery of IL-4

Intranasal delivery of IL-4 within 6 hours post-TBI promotes
hippocampus-dependent cognitive functions and spatial and
non-spatial memory. IL-4 leads to the maintenance of long-term
potentiation and a reduction in CA3 neuronal loss in the hippo-
campus. It reinstates cognitive functions to a near-full extent in
TBI mice. Furthermore, it enhances the production of anti-in-
flammatory cytokines (IL-10 and TGF-B) and polarizes the mi-
croglia toward an anti-inflammatory phenotype due to the acti-
vation of arginase 1 and PPARy [17].

Endocannabinoid (EC)

Endocannabinoid (EC) degradation inhibition with 2-arachido-
noyl glycerol (2-AG) using JZL184, 16 mg/kg was administered
30 minutes post TBI. It inhibits monoacylglycerol lipase. It en-
hances neuroprotection, maintains BBB stability and significant-
ly the cognitive and motor impairments 24 h post TBI. Addition-
ally, the expression of GFAP was declined which indicates the
suppression of astrocytes. However, the levels of the cytokines
(IL-1B, IL-6, CCL2, TNF-a) or oxidative stress markers (COX2,
NOX2) remained unaffected after the treatment. JZL184 was
effective in aiding recovery of impairments and decreasing neu-
roinflammation post-TBI [18].
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Anakinra

Anakinra drug targets secondary neurological injury post-TBI
by specifically on blocking the IL-1 receptor. It provides cogni-
tive and neuronal protection. This direct inhibition is more effec-
tive against neuroinflammation than blocking IL-1 alpha or beta
separately. It depletes the IL-1 and IL-6 levels post-TBI. Anak-
inra decreases cognitive deficits particularly spatial learning. It
enhances the recovery post-TBI. However, the lesion size is not
affected by this blockage [19].

MLC901

MLC901 (NeuroAiD IITM) administration (0.8g capsules/day
for 6 months) did not show any significant improvement in cog-
nitive functioning like complex attention. On the other hand, it
positively affected post-concussion symptoms like the speed of
processing information , quality of life, anxiety and depression.
These results were sustained after the treatment as revealed in
the 9-month follow-up [20].

Target Therapeutic approach Potential drugs
NLRP3 Inflammasome Direct Inhibitors MCC950
JAK2/STAT3 pathway JAK?2 Inhibition, STAT3 Suppression, NLRP3 Down- Ruxolitinib
regulation
interleukin-1f (IL-1pB) inhibitor Down regulates the pro inflammatory cytokines IL-1B antibody Canakinumab
Gasdermin D inhibitor Reduces the expression of proptosis related proteins JDHXD
Reactive oxygen species Inhibits TRPM2 channel activation N-acetyl-1-cysteine
Oxidative stress Reduces inflammation and oxidative stress markers resveratrol
Necroptosis RIPK1 Activation inhibitor Necrostatin-1
HMGBI and interleukin IL-1 inhibitors | Anti-inflammatory by reducing the expression of the Glycyrrhizin
receptors

Discussion

TBI triggers a multifaceted injury response involving both im-
mediate mechanical damage and secondary biochemical cas-
cades that unfold over time. Among these, neuroinflammation
is now recognized not merely as a secondary effect but as a key
pathological driver of long-term dysfunction. Activated microg-
lia and astrocytes orchestrate a potent inflammatory response
that can persist chronically, even after the resolution of the initial
injury. The sustained presence of pro-inflammatory cytokines,
ROS, and activated glial cells contributes to a maladaptive envi-
ronment, promoting neurodegeneration and impeding recovery.

Importantly, the role of inflammasome, specifically NLRP3—
has gained attention in recent years. These cytosolic complexes
amplify the inflammatory response and are directly involved in
neuronal death through caspase-1 activation and release of IL-1p.
Persistent inflammasome activation post-TBI suggests that thera-
peutic modulation of this pathway could be highly beneficial.

Furthermore, TBI-induced disruption of the BBB allows periph-
eral immune cell infiltration, which further amplifies neuroin-
flammatory signaling and primes microglia for chronic reactivi-
ty. This persistent inflammatory state shares similarities with the
pathogenesis of various neurodegenerative diseases, implying
shared mechanistic pathways and therapeutic targets.

While the immune response is essential for debris clearance and
initial repair, unchecked inflammation is detrimental. Thus, a
key challenge lies in developing therapies that modulate, rather
than suppress, the immune system to strike a balance between
neuroprotection and immune resolution.

Conclusion
TBI is a complex condition in which neuroinflammation plays
a pivotal role in shaping both acute and chronic outcomes. The

involvement of glial cells, systemic immune infiltration, and in-
flammasome activation underscores the multifactorial nature of
post-TBI pathology. Understanding these interconnected path-
ways provides a valuable framework for identifying new thera-
peutic interventions. Future strategies must aim to target specific
components of the inflammatory response, such as microglial
activation or inflammasome signaling, without compromising
the essential repair functions of the immune system. Tailored,
time-sensitive therapies hold promise for mitigating long-term
consequences of TBI, improving neurological outcomes, and re-
ducing the risk of subsequent neurodegeneration.

References

1. Kempuraj, D., Ahmed, M. E., Selvakumar, G. P., Thangav-
el, R., Dhaliwal, A. S., Dubova, L., ... & Zaheer, A. (2020).
Brain injury—mediated neuroinflammatory response and
Alzheimer’s disease. The Neuroscientist, 26(2), 134-155.

2. Dewan, M. C., Rattani, A., Gupta, S., Baticulon, R. E.,
Hung, Y. C., Punchak, M., Agrawal, A., Adeleye, A. O.,
Shrime, M. G., Rubiano, A. M., Rosenfeld, J. V., & Park,
K. B. (2018). Estimating the global incidence of traumatic
brain injury. Journal of neurosurgery, 130(4), 1080—1097.
https://doi.org/10.3171/2017.10.JNS17352

3. van de Wouw, M., Boehme, M., Dinan, T. G., & Cryan, J.
F. (2019). Monocyte mobilisation, microbiota & mental ill-
ness. Brain, behavior, and immunity, 81, 74-91. https://doi.
org/10.1016/j.bbi.2019.07.019

4. Dinet, V., Petry, K. G., & Badaut, J. (2019). Brain-Immune
Interactions and Neuroinflammation After Traumatic Brain
Injury. Frontiers in neuroscience, 13, 1178. https://doi.
org/10.3389/fnins.2019.01178

5. Ayerra, L., Shumilov, K., Ni, A., Aymerich, M. S., Friess,
S. H., & Celorrio, M. (2025). Chronic traumatic brain in-
jury induces neurodegeneration, neuroinflammation, and
cognitive deficits in a T cell-dependent manner. Brain

Page No: 05 / www.mKkscienceset.com J Clin Bio Med Adv 2025



10.

11.

12.

13.

research, 1850,
res.2025.149446
Johnson, N. H., de Rivero Vaccari, J. P., Bramlett, H. M.,
Keane, R. W., & Dietrich, W. D. (2023). Inflammasome
activation in traumatic brain injury and Alzheimer's dis-
ease. Translational research : the journal of laboratory and
clinical medicine, 254, 1-12. https://doi.org/10.1016/j.
trs1.2022.08.014

Ogier, M., Belmeguenai, A., Lieutaud, T., Georges, B., Bou-
vard, S., Carré, E., Canini, F., & Bezin, L. (2017). Cogni-
tive Deficits and Inflammatory Response Resulting from
Mild-to-Moderate Traumatic Brain Injury in Rats Are Exac-
erbated by Repeated Pre-Exposure to an Innate Stress Stim-
ulus. Journal of neurotrauma, 34(8), 1645-1657. https://doi.
org/10.1089/neu.2016.4741

Skovira, J. W., Kabadi, S. V., Wu, J., Zhao, Z., DuBose, J.,
Rosenthal, R., Fiskum, G., & Faden, A. I. (2016). Simulated
Aeromedical Evacuation Exacerbates Experimental Brain
Injury. Journal of neurotrauma, 33(14), 1292—-1302. https://
doi.org/10.1089/neu.2015.4189

Skovira, J. W., Wu, J., Matyas, J. J., Kumar, A., Hanscom,
M., Kabadi, S. V., Fang, R., & Faden, A. 1. (2016). Cell
cycle inhibition reduces inflammatory responses, neuronal
loss, and cognitive deficits induced by hypobaria exposure
following traumatic brain injury. Journal of neuroinflamma-
tion, 13(1), 299. https://doi.org/10.1186/s12974-016-0769-
2

Chen, H., Desai, A., & Kim, H. Y. (2017). Repetitive
Closed-Head Impact Model of Engineered Rotational Ac-
celeration Induces Long-Term Cognitive Impairments with
Persistent Astrogliosis and Microgliosis in Mice. Journal of
neurotrauma, 34(14), 2291-2302. https://doi.org/10.1089/
neu.2016.4870.

Muccigrosso, M. M., Ford, J., Benner, B., Moussa, D., Burn-
sides, C., Fenn, A. M., Popovich, P. G., Lifshitz, J., Walker,
F. R., Eiferman, D. S., & Godbout, J. P. (2016). Cognitive
deficits develop Imonth after diffuse brain injury and are
exaggerated by microglia-associated reactivity to peripher-
al immune challenge. Brain, behavior, and immunity, 54,
95-109. https://doi.org/10.1016/1.bbi.2016.01.009

Zhang, W., Hong, J., Zheng, W., Liu, A., & Yang, Y. (2021).
High glucose exacerbates neuroinflammation and apoptosis
at the intermediate stage after post-traumatic brain injury.
Aging, 13(12), 16088—-16104. https://doi.org/10.18632/ag-
ing.203136

Sanchez-Martin, T., Costa-Miserachs, D., Coll-Andreu, M.,
Portell-Cortés, 1., Garcia-Brito, S., & Torras-Garcia, M.
(2024). Treating Traumatic Brain Injury with Exercise: On-
set Delay and Previous Training as Key Factors Determining

149446. https://doi.org/10.1016/j.brain-

14.

15.

16.

17.

18.

19.

20.

its Efficacy. Neurorehabilitation and neural repair, 38(10),
715-728. https://doi.org/10.1177/15459683241270023
Ponomarenko, A. 1., Tyrtyshnaia, A. A., Pislyagin, E. A,
Dyuizen, 1. V., Sultanov, R. M., & Manzhulo, I. V. (2021).
N-docosahexaenoylethanolamine reduces neuroinflamma-
tion and cognitive impairment after mild traumatic brain
injury in rats. Scientific reports, 11(1), 756. https://doi.
org/10.1038/s41598-020-80818-9

Lopez-Rodriguez, A. B., Decouty-Perez, C., Farré-Alins,
V., Palomino-Antolin, A., Narros-Fernandez, P., & Egea, J.
(2022). Activation of NLRP3 Is Required for a Function-
al and Beneficial Microglia Response after Brain Trauma.
Pharmaceutics, 14(8), 1550. https://doi.org/10.3390/phar-
maceutics 14081550

Yu, Y. W., Hsieh, T. H., Chen, K. Y., Wu, J. C., Hoffer, B.
J., Greig, N. H., Li, Y., Lai, J. H., Chang, C. F,, Lin, J. W,
Chen, Y. H., Yang, L. Y., & Chiang, Y. H. (2016). Glu-
cose-Dependent Insulinotropic Polypeptide Ameliorates
Mild Traumatic Brain Injury-Induced Cognitive and Senso-
rimotor Deficits and Neuroinflammation in Rats. Journal of
neurotrauma, 33(22), 2044-2054. https://doi.org/10.1089/
neu.2015.4229

Pu, H., Ma, C., Zhao, Y., Wang, Y., Zhang, W., Miao, W.,
Yu, F., Hu, X., Shi, Y., Leak, R. K., Hitchens, T. K., Dixon,
C. E., Bennett, M. V., & Chen, J. (2021). Intranasal deliv-
ery of interleukin-4 attenuates chronic cognitive deficits via
beneficial microglial responses in experimental traumatic
brain injury. Journal of cerebral blood flow and metabolism
: official journal of the International Society of Cerebral
Blood Flow and Metabolism, 41(11), 2870-2886. https://
doi.org/10.1177/0271678X211028680

Katz, P. S., Sulzer, J. K., Impastato, R. A., Teng, S. X,
Rogers, E. K., & Molina, P. E. (2015). Endocannabinoid
degradation inhibition improves neurobehavioral function,
blood-brain barrier integrity, and neuroinflammation fol-
lowing mild traumatic brain injury. Journal of neurotrauma,
32(5), 297-306. https://doi.org/10.1089/neu.2014.3508
Newell, E. A., Todd, B. P., Mahoney, J., Pieper, A. A., Fer-
guson, P. J., & Bassuk, A. G. (2018). Combined Blockade
of Interleukin-lo and -1B Signaling Protects Mice from
Cognitive Dysfunction after Traumatic Brain Injury. eNeu-
ro, 5(2), ENEURO.0385-17.2018. https://doi.org/10.1523/
ENEURO.0385-17.2018

Pilipenko, P. L., Ivanova, A. A., Kotsiubinskaya, Y. V., Grig-
oryeva, V. N., Khrulev, A. Y., Skorokhodov, A. V,, ... &
Feigin, V. L. (2024). A Double-Blind, Placebo-Controlled,
Randomized, Multi-Centre, Phase lii Study Of MIc901
(Neuroaid 1i™) For The Treatment Of Cognitive Impair-
ment After Mild Traumatic Brain Injury. medRxiv, 2024-08.

Copyright: ©2025 Naeem Hamza, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Page No: 06 /

www.mKkscienceset.com

J Clin Bio Med Adv 2025



