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ABSTRACT

The reaction characterized by inflammation in the brain or the spinal column is known medically as
"neuroinflammation.” The central nervous system is impacted by neurodegeneration, which is
epitomized by the loss of neural functioning and structure. Neurodegeneration occurs as a result of
viral infection. It is mostly observed in a range of conditions referred to as "neurodegenerative
diseases," which primarily affect the elderly and hurt mental as well as physical performance. These
illnesses include amyotrophic lateral sclerosis, multiple sclerosis, Parkinson's disease, and
Alzheimer's disease. Neurodegeneration's fundamental causes continue to remain a mystery.
Nevertheless, new research indicates that several neurodegenerative mechanisms that are related
to depression a side effect of neurodegenerative disease are intimately associated with the
inflammatory process. Cytokines that promote inflammatory processes are crucial to understanding
the pathophysiology of depression and dementia. Activated microglial cells are believed to play a
major role in the inflammatory and immune responses that occur in neurological conditions and
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neurodegenerative conditions. Signaling chemicals are produced throughout neuroinflammation
and these molecules regulate multiple pro-apoptotic mechanisms. Treatment strategies for
neurological conditions with an inflammatory component involve grasping neurological inflammation
pathways, controlling the generation of cytokines, and managing the microglial inflammatory
reaction. Some herbal formulations discussed in this review like curcumin and rutin were useful in
the therapy of neuroinflammation induced neurodegeneration.

Keywords: Neuroinflammation;
disease.

1. INTRODUCTION

1.1 Neuroinflammation and Neurode-

generation

The reaction called neuroinflammation involves
every type of cell that inhabits the central
nervous system (CNS), including macroglia,
microglia, and neurons. Several factors, such as
initial insult, family history, surroundings, age,
infor past experiences, combine to stimulate
microglia and a complex neuroinflammatory
process [1].

For example, lipopolysaccharide (LPS), an
endotoxin present in a Gram-negative bacterial
outermost  membrane,  triggers  systemic
inflammatory reaction through tolling-like
receptor (TLR) signaling. Once LPS interacts
with TLR4 on the outer layer of microglia, 2
pathways for signaling are triggered, including
phosphoinositide  3-kinase/protein  kinase B
(PI3K/AKT) and mitogen-activated protein kinase
(MAPK), which in turn activates NF-B. The
stimulation of NF-B then mediates the generation
of cytokines that are pro-inflammatory,
chemokines that, and stimulated enzymes, like
COX-2 and nitric oxide synthase (iNOS), leading
to neurological inflammation. Understanding how
the body's immune system processes
information and uses NF-B to identify pathogens
is vital [2,3].

1.2 Role of Microglia in Neuroinflam-
mation

Microglia, = which are  natural  cerebral
macrophages, are crucial for both repair of
tissues and the organism's defense. They play a
critical part in inflammatory neurodegenerative
brain diseases. The initial indication of
neurological inflammation is the rise in
the activity of microglia [4]. Microglia when
triggered in response to infectious agents,
damage to tissues, abnormal stimulation,

neurodegenerative diseases;

Parkinson's disease; Alzheimer's

neurotoxins, infection, or trauma and activating a
multitude of protein and gene products, such as
iINOS, cytokines that are pro-inflammatory such
as |Interleukin 1 beta (IL-1), tumor necrosis
factor-alpha (TNF-), COX-1, COX-2, reactive
oxygen species (ROS), and potentially
neurotoxic chemicals that cause neural
problems, microglia gather, expand, move
around, phagocytose, provide antigens to T-cells,
discharge an array of oxidants, and cell death
explained in Fig. 1 [5].

The long-term neurotoxicity is facilitated by the
released mediators along with additional
neurotoxic substances from these cells that are
stimulated in recurrent neurological inflammation.
Activated microglia exhibit a neurodegenerative
function. But they might additionally have an anti-
infective effect (neuroprotective role) [6,7].

2. VARIOUS PATHWAYS OF NEUROIN-
FLAMMATION

2.1 Neuroinflammatory pathway including
cytokines

A cytokine produced within a single cell may
have contradictory impacts, leading to
the cell's demise, growth, and survival, relying on
the physiological environment in which it
functions [8].

Microglia activities linked to the inbuilt immune
response are connected to TNF- signaling & the
regulation of both inflammation and death. Given
the established correlation between TNF-mRNA
concentrations and hippocampal cell death, it
seems plausible that a specific TNF
concentration is required to initiate apoptotic
mechanisms. Risesin TNF- and IL-1 were
observed before the death of neurons. Beginning
with the release of proinflammatory cytokines like
TNF- and IL-1 as well as adhesion molecules,
inflammation is typically defined and controlled

[9].
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Fig. 1. Injury to neurons and the activation of microglia. The infection, stress caused by
oxidation, and neurotoxins, all activate microglia. Neuronal decline and malfunction are
brought about by chemical mediators released by microglia that are stimulated
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Fig. 2. TNFR1 signalling pathway. TNF-a binds to its receptor (TNFR1), and following tumor
necrosis factor receptor 1-associated death domain protein (TRADD), binding,
neuroinflammation and apoptosis pathways can be initiated

Both accelerated progression of illness and
pathogenic inflammation depend on TNF-a and
IL-1. They are believed to have the ability to
disrupt the blood-brain barrier (BBB) [10], and
allow the passage of dangerous substances such
as nitric oxide (NO). Both long-term neurological
conditions like AD and PD and sudden
neuroinflammatory  disorders like  strokes,
ischemia, & brain damage depend on IL-1 for
their progression. TNF is a potent cytokine of
inflammation that triggers death by activating
sensors that have a similar cytoplasm pattern
that indicates an internal death domain.

The key mediator of the effects of IL-1 is the
interleukin 1 receptor (IL-1R1). Via a caspase 3-
mediated pathway, TNFR1 stimulation provides a
biochemical pathway that facilitates the quick
demise of cells given in fig. 2 [11].

2.1.1 Neuroinflammation pathway and ROS

Because of inflammation-induced cellular
oxidative stress & harm to DNA, macrophages
and microglia overproduce reactive oxygen
species (ROS) [12]. The body is continually
producing free radicals and oxidative stress,
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which can damage the brain and are possible
causes or effects of many disorders.

ROS is a multi-potent, diffusible biochemical
atomic or molecular type with an unattached
electron that reacts with stimuli from the
environment [13]. ROS is capable of performing
transmitting signals tasks. ROS may trigger
disease by directly harming macromolecules in
biology as well as by triggering several genes
that regulate the signaling processes that lead to
inflammation. Acute and chronic inflammation
illnesses, heredity, and aging represent a few of
the primary reasons for increased ROS
formation.

Mitochondria are an important conduit of ROS
generated by the chain of electron transport
because they're susceptible to oxidative harm,
which can cause dysfunction in the mitochondria
& harm to tissues. Redox-sensitive factor NF-B
cascade activation can be brought about by
oxidative stress, which is the condition resulting
from malfunctioning mitochondria. While the
etiology of a number of these types of
neurological conditions varies, mitochondrial
dysfunction is commonly observed in a variety of
neurodegenerative conditions, including brain
ischemia-reperfusion damage, Alzheimer's
disease (AD), Parkinson's disease (PD),
Huntington's disease (HD), and memory loss
caused by alcohol [14,15]

2.1.2 Nitric oxide and neuroinflammation

pathway

NO is an unbound gas signaling agent that
regulates the neurological & immune systems.
Several simulations, including LPS, TNF- qa, IL-1
or IFN-gamma, may contribute to the formation
of INOS. By the manufacture of NO via the
induced isoform of INOS, which catalyzes the
transformation of l-arginine to I-citrulline & NO,
neuroinflammation may also result in the demise
of neurons [16]. Higher concentrations of NO
have been shown to cause the nitrification of
many proteins in the brain tissues of patients
suffering from neurodegenerative diseases such
as AD, PD, HD, and amyotrophic lateral sclerosis
(ALS). Nitroxidative stress in the brain can result
from being exposed to cytotoxic chemicals or
from neurological disorders that cause increased
amounts of superoxide anions and NO.
Superoxide anion and NO together can generate
other cytotoxic compounds that may be
connected to the demise of neural -cells.

However, in high concentrations, they can be
significant cytotoxic substances leading to
neurodegeneration [17].

2.1.3 MAPK pathway in neuroinflammation

Microglia when stimulated induces the MAPK
cascade. A variety of external stimuli & cytokines
associated with inflammation can stimulate the
MAPK-related genes SAPK and JNK. It is shown
that activated SAPK/JNK phosphorylates the c-
jun and regulates the function of multiple
transcription factors after translocating into the
nucleus. Upon stimulation, SAPK/INK links onto
the trans-activation region of the c-Jun amino
acid and increases the production of the AP-1-
dependent gene. AP-1 regulates the production
of several mediators of inflammation, including
COX-2 and the iNOS. In conclusion, it has been
shown that LPS-induced stimulation of microglia
throughout neuroinflammation depends critically
upon the p38 MAPK, AKT, and mTOR pathways
[18,19]

3. NEURODEGENERATION-INDUCED
NEUROINFLAMMATION

Microglia are first activated after an offence, and
this causes the production of pro-inflammatory
mediators that encourage the permeabilization of
the BBB after a systemic neuroinflammation [20].
As a result, there is a chance that peripheral
macrophages could play a significant role in how
neuroinflammation turns out as a result of
increased BBB permeability. Accordingly, altered
CD4+ and CD8+ T cells have been seen in the
peripheral blood of individuals with
neurodegenerative  disorders, indicating a
persistent antigenic assault and the possibility
that T cells may be involved in
neurodegenerative diseases [21].

While T cells invade the CNS, astrocytes and
neurons, the most prevalent glial cell population
of the CNS that also takes part in the innate
immune response, which is triggered as a result
of constant insult during inflammation or
infection, cell factors that affect microglial fate
invade the epithelial cells of the BBB. HIV-1 if
stored in astrocytes, which contributes
significantly to the neurodegenerative effects of
the virus. Accordingly, the pathogenesis of
neurodegenerative illness places a strong
emphasis on chronic neuroinflammation and
microglia activation [22,23].
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Fig. 3. Relationship between neuronal death and microglial activation. Release of neurotoxic or
protective compounds may occur as a result of microglial activation. When neurotoxic
chemicals are released, they favour neuroinflammation or neuronal death, which results in
neurodegeneration. Reactive oxygen species (ROS)

While T cells invade the CNS, astrocytes and
neurons, the most prevalent glial cell population
of the CNS that also takes part in the innate
immune response, which is triggered as a result
of constant insult during inflammation or
infection, cell factors that affect microglial fate
invade the epithelial cells of the BBB. HIV-1 if
stored in astrocytes, which contributes
significantly to the neurodegenerative effects of
the virus. Accordingly, the pathogenesis of
neurodegenerative illness places a strong
emphasis on chronic neuroinflammation and
microglia activation [23].

Reactive oxygen and nitrogen species, tumor
necrosis, and glutamate are primarily produced
by microglial cells and are all neurotoxic when
released in high doses following microglial
activation, which is most likely brought on by the
stimulation of TLRs via aggregated proteins, as
is the case in AD, MS, PD, and ALS patients
represented in fig. 3 [24].

4. TREATMENT

4.1 Various Formulations for Treating
Neuroinflammation Induced Neurode-
generation

4.1.1 Curcumin Longvida

Due to curcumin's poor bioavailability and BBB
permeability, which have been recognised as
possible limitations in the majority of CNS
illnesses, regulated formulation of curcumin is

necessary for efficient treatment results. Another
noteworthy example is Longvida Optimised
Curcumin, which has about 80 mg of curcumin in
a solid lipid formulation. It can traverse the blood-
brain barrier because of its lipid layers, according
to studies in mice. The bioavailability of Longvida
is said to be four times higher than that of
unformulated curcumin. According to behavioural
findings, this modest dose of Longvida curcumin
enhanced cognitive abilities. This biodegradable
curcumin formulation can improve
neuroinflammation and the ensuring neurological
impairment by achieving the  desired
bioavailability in the brain [25].

4.1.2 Curcumin as meriva formulation

Another formulation regarded as one of the most
blood-brain barrier disruption. As liposome
nanocarriers that have been developed for the
available sources of curcumin is Meriva®. It is an
Indena formulation of curcumin that has a patent.
A total of 20% of the product's weight is made up
of curcumin, which is combined with soy lecithin
in a 1:2 weight ratio during formulation. Meriva
curcumin was found in several clinical studies to

have a greater bioavailability than regular
curcumin. Human  volunteers underwent
simultaneous examinations of Meriva and

curcuminoid absorption and final bioavailability
[26].

4.1.3 Quercetin

There was a suggestion that there is a molecular
relationship between AD and a few of the risk

189



Raju et al.; Asian J. Res. Rep. Neurol., vol. 6, no. 1, pp. 185-193, 2023; Article no.AJORRIN.109293

indicators associated with this neurodegenerative
disease; oxysterols appear to be the missing
piece due to their neurotoxic characteristics. The
anti-inflammatory flavonoid quercetin had been
pretreated on the cells to bolster these results.
Remarkably, flavonoids' anti-inflammatory effects
in SH-SY5Y cells were enhanced when it was
incorporated into cyclodextrin-dodecyl carbonate
nanoparticles compared to flavonoid in their free
form. Scientists incorporated quercetin into
nanoparticles to improve the antioxidant's ability
to cross the blood-brain barrier and enter target
cells. The findings suggest that this mode of drug
administration might offer a novel therapeutic
strategy for halting or delaying the progression of
AD [27].

4.1.4 Methyl prednisolone liposomes

GSH-PEG liposomal methylprednisolone in this
trial showed an extended plasma circulation over
the free drug, according to the pharmacokinetics.
GSH-PEG liposomes increase
methylprednisolone's  medicinal  availability,
enabling the achievement of a successful brain
level at a lower dose and frequency of
administration. GSH-PEG liposomal drug
treatment resulted in a notably higher eight-hour
brain absorption of the medication than the free
medication (6.5). Lastly, the notion that
enhanced medication delivery to the central
nervous system is beneficial for managing the
neuroinflammation associated with EAE, as well
as MS, is supported by glutathione pegylated
liposomal methylprednisolone's greater
effectiveness over free the medication and non-
targeted pegylated liposomal methylprednisolone
[28,29].

4.1.5 TNF-a siRNA nanoemulsions

Neuroinflammation is a hallmark of both acute
and chronic neurological disorders. The main
goal of this research was to evaluate if an
intranasal cationic nanoemulsion carrying an
anti-TNF siRNA may have any anti-inflammatory
properties. Nanoemulsion significantly lowered
TNF-a concentrations in LPS-stimulated cells
[30]. In the animal's brain, charged
nanoemulsions were absorbed almost five times
faster being injected Dby i.v, versus non-
encapsulated siRNA. Additionally, in an LPS-
induced experiment involving neuroinflammation,
TNF  siRNA nanoemulsions  administered
intravenously dramatically reduced the
unregulated levels of TNF-a. These results
showed that intranasal administration of cationic

nanoemulsions carrying TNF siRNA was a
successful method to knock down the gene, and
this approach has great promise for averting
neurological inflammation [31].

4.1.6 Rutin

This investigation looks into the potential benefits
of rutin in protecting rats administered
intracerebroventricular streptozotocin (ICV-STZ)
infusions against oxidative harm and cognitive
impairments. The animals received bilateral
injections of ICV-STZ (3 mg/kg), while the
untreated rats received the same dosage of a
vehicle. In the hippocampus of ICV-STZ rats,
rutin pretreatment in order (25 mg/kg, oral, every
day for three weeks) substantially lowered the
levels of thiobarbituric acid (TBA) reacting
substances, poly ADP-ribosyl polymerase action,

nitrite, lowered glutathione (GSH), and the
function of its relying enzymes, glutathione
peroxidase [GPx] and glutathione reductase

[GR], as well as catalase [32]. Supplementing
with rutin  substantially mitigated cognitive
abnormalities noticed in ICV-STZ rats. As a
result, this research suggests that rutin might be
useful in managing neuroinflammation and
sporadic Alzheimer-type dementia in addition to
being useful for minimizing cognitive impairment
[33].

5. CONCLUSION

These investigations concluded that
the formulations effectively protected against
neurodegeneration in  models of animals.
Conditions  known as  neuroinflammatory
disorders impact the parts of the brain where the
body's immune response is compromised. Glial
cells in general, but especially microglia, and
inflammation effectors from both the acquired
and innate immune systems serve as detectors
for disrupted neural tissue equilibrium in the
central nervous system and regionally respond to
injury to nerve cells or the introduction of foreign
materials through the brain. The primary
mechanism governing neuroinflammation is the
differential activation of microglial cells, which
may give rise to either toxicity resulting in
neurodegeneration or neurological protection.
Consequently, reliant upon  surroundings,
neurons may degenerate or become preserved.
Some of the above discussed formulations
either herbal or herbal formulations effectively
prevented neuroinflammation induced neurode-
generation.
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