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Abstract: Alzheimer's disease (AD) is a progressive neurodegenerative disorder presenting memory loss, cognitive
decline, synaptic dysfunction and irreparable neuronal damage. It is the most common dementia disorder in the world,
and a major public health problem. Although much research has been done into this, no pharmacologic treatments
yet exist that can effectively prevent or reverse disease progression and only offer symptomatic relief. The purinergic
P2X7 receptor and the subsequent NLRP3 inflammasome signaling pathway have well established as key players in
the regulation of neuro-inflammatory responses in AD. Extracellular ATP binding to the P2X7 receptor leads to
assembly of the NLRP3 inflammasome complex. Caspase-1 activation and further increase in the production of pro-
inflammatory cytokines like interleukin-1 beta (IL-1p) and interleukin-18 (IL-18), speed up the injury of neurons and
disease progression. As a natural alternative remedy, medicinal plants with multi-target pharmacological activities
have been an object of special interest for the treatment of AD. Dalbergia sissoo Roxb. Sheesham is a common
medicinal tree of the Fabaceae family that has been traditionally utilized for inflammatory, neurological and oxidative
stress disorders. Plant have shown the presence of various bioactive compounds such as flavonoids and phenolic
compounds, with notable antioxidant, anti-inflammatory and neuroprotective effects. The therapeutic properties of
Dalbergia sissoo can be linked to its anti-oxidative properties, down-regulation of pro-inflammatory cytokines and
protection of neuronal cells from inflammatory damage. Recently increases of its phytochemical ingredients may affect
ATP-mediated activation of P2X7 receptor and inhibition of NLRP3 inflammasome signalling in Alzheimers disease.
The present review aims to delve into the potential mechanism of action of Dalbergia sissoo in Alzheimer's disease
(AD), focusing on the interaction between the P2X7 receptor and NLRP3 inflammasome.

Keywords: P2X7 Receptor, NLRP3 Inflammasome, Flavonoids, Phenolic compound, Interlukin-18(IL-18),
interleukin-1 beta (IL-1p).

1. Introduction

1.1 Global burden and unmet therapeutic needs of Alzheimer’s disease

Alzheimer's disease (AD) is the most prevalent neurodegenerative disease and summarizes the
primary cause of dementia all over the world. It involves a gradual loss of thinking and mental
skills, memory loss, abnormal behavior, and a loss of independence (Knopman et al., 2021). With
the global increase in the ageing population and in life expectancy, the ratio of Alzheimer's patients
has also risen significantly. Based on estimates from the global health community, the number of
persons affected by AD is now in millions, and in the next few decades it is projected to increase
significantly and will be a major public health problem. The disorder is found mostly in older

people, and symptoms range from mild forgetfulness and confusion to total incontinence and
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death(“2026 Alzheimer’s Disease Facts and Figures,” 2026; Knopman et al., 2021; Rabinovici,
2019). Cognitive changes that occur in AD are related to learning, reasoning, language, decision-
making and executive functioning. With disease progression, there is extensive loss of neurons and
disruption of synapses, which results in highly debilitating and fatal consequences(Heneka et al.,
2015; Soyon Hong, 2016). Aside from the deterioration of the brain the disease of Alzheimer's
affects the emotional and psychological stress of care takers and family members. Alzheimer's
disease places a huge cost in terms of economics and health care. Medical services, admission,
rehabilitation, and care are among the most relevant costs of the provision of health care services
on a global level for the long-term period(“2026 Alzheimer’s Disease Facts and Figures,” 2026;
Cummings et al., 2026; Isik, 2010; Rabinovici, 2019). As the number of AD cases is rising, the
burden on health care services and social support systems has grown(Isik, 2010; Rabinovici, 2019).
Although there has been much research and progress in elucidating the disease process, there are
few treatments that can modify the disease. Current therapy is limited to symptomatic relief, and
more effective and safe therapeutic interventions are needed to stop the progression of this

disease(Di Virgilio et al., 2018; Simone et al., 2014; Yiannopoulou & Papageorgiou, 2013).
1.2 Limitations of current pharmacological interventions

Today approved pharmacological treatments for AD are mainly acetylcholinesterase inhibitors
(e.g. Donepezil, Rivastigmine, and Galantamine) and NMDA receptor antagonists (e.g.
Memantine)(Simone et al., 2014; Yiannopoulou & Papageorgiou, 2013). Acetylcholinesterase
inhibitors in turn fix cholinergic neuro-transmission by inhibiting the action of acetylcholine-
esterase, an enzyme that breaks down acetylcholine in the brain, which will temporarily enhance
memory and mental skills (Knopman et al., 2021). These medications may help with symptoms
for a short time, but aren't good at preventing nerve cell degeneration or disease progression. The
therapeutic effects in most of the cases are minimal and temporary, particularly in mid to severe
Alzheimer's disease(Long & Holtzman, 2019; Rabinovici, 2019; Soyon Hong, 2016). In addition,
these drugs can cause some side effects, such as nausea and vomiting, dizziness, gastrointestinal
problems, headache, and cardiovascular issues, which can affect patients' adherence(Oberoi et al.,
2026; Xiao et al., 2025). The plethora of failed clinical trials testing drugs aimed at treating
amyloid has also reinforced the complexity and multifactorial nature of Alzheimer’s. The multiple

pathological mechanisms, such as amyloid deposition, tau hyperphosphorylation, oxidative stress,
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mitochondrial dysfunction, neuroinflammation etc. make it difficult to focus on a single molecular
pathway in AD, which has led to only limited success. Hence, new therapeutic alternatives that
can simultaneously regulate more than one of the pathological processes associated with the
evolution of a disease are an interesting objective(Azargoonjahromi, 2024; Hampel et al., 2023;

Kepp et al., 2023; Morales et al., 2013; Rawat et al., 2022; Sayas & Avila, 2021).
1.3 Neuroinflammation as a central driver of disease progression

Today, neuroinflammation is considered one of the key pathological mechanisms that underlies
the onset and the progression of Alzheimer's disease. Until recently, chronic neuroinflammation
was regarded as a secondary process resulting from neuronal damage, but is now recognized to
actively engage in disease progression(Heneka et al., 2015; W. Zhang et al., 2023). Activated
microglial cells and astrocytes produce inflammatory mediators like cytokines, chemokines, nitric
oxide and reactive oxygen species continuously(Cherry et al., 2014; Monif et al., 2010). Resident
immune cells within the central nervous system (CNS), called microglia, are activated in response
to the presence of amyloid beta and neuronal injury. Activated microglia produce inflammatory
cytokines like tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6) and interleukin-1f (IL-
1B) that help to cause dysfunction of neurons and damage to synapses(Colom-Cadena et al., 2020;
Lalo & Pankratov, 2023). Episodic episodes of inflammatory response also lead to oxidative stress,
mitochondrial dysfunction, and increased amyloid plaque formation, further driving a
neurodegenerative vicious cycle(Heneka et al., 2015; Long & Holtzman, 2019; Tanzi, 2012).
Evidence mounting suggests that the abnormal inflammatory processes are a major factor in the
development of cognitive changes and neuronal loss that occur in Alzheimer's disease (AD).
Modulation of neuroinflammatory signalling pathways therefore has become a potential approach
to slow down disease progression and maintain neuronal function(Liddelow et al., 2017; W. Zhang

et al., 2023; Zhao et al., 2019).
1.4 Purinergic signalling and role of P2X7 receptor

Dysregulated purinergic signalling is a very important player in neuroimmune communication and
inflammatory processes on the central nervous system. Purinergic receptors are expressed by cells
derived from cells of the immunocompetent system, such as microglial cells, in the brain.

Extracellular adenosine triphosphate (ATP) is a danger associated molecular signal that activates
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these cell types(Bedetta et al., 2025; Grygorowicz & Struzynska, 2019; Monif et al., 2009). The
P2X7 receptor has been attracting special interest amongst the purinergic receptors due to its
known relevance in neuroinflammation and neurodegeneration(Diaz-Hernandez et al., 2009;
Monif et al., 2009). P2X7 is a ligand-gated ion channel which is highly expressed on activated
microglia. In pathological conditions, extracellular ATP activates the P2X7 receptor which leads
to increase in intracellular calcium and potassium efflux and activates inflammatory intracellular
signalling pathways(Bedetta et al., 2025; Y. H. Chen et al., 2021; Kachappilly et al., 2026). The
P2X7 receptor activation stimulates the assembly of the NLRP3 inflammasome complex leading
to the activation of caspase-1 and the maturation of pro-inflammatory cytokines such as IL-1f3 and
IL-18(D1 Virgilio et al., 2017; SPERLAGH et al., 2006). Chronic activation of this inflammatory
pathway causes oxidative stress, mitochondrial dysfunction, synaptic failure and ultimately
neuronal death in AD(Kachappilly et al., 2026). Recent study of the P2X7 receptor—NLRP3
signalling pathway clearly reveals that this pathway is of central interest in chronic
neuroinflammation and is therefore a potential target for development of new drugs for treatment
of the Alzheimer disease(Beltran-Lobo, Hughes, et al., 2023; Y. H. Chen et al., 2021; Dhuna, 2019;
K. Zhang et al., 2025).

1.5 Rationale for multi-target herbal interventions

Alzheimer's disease is a multifactorial disease, and the underlying pathological processes are
closely linked: abnormal buildup of amyloid-f3, abnormal tau levels and structure, oxidative stress,
impaired mitochondrial function, abnormal excitability, and chronic neuroinflammation(Heneka
et al., 2015; W. Zhang et al., 2023). Despite its successes, the molecular target approach to the
development of therapeutics has had restricted clinical impact mainly as they are unable to account
for the complexity of disease progression. Because of its multiple modulations of pathological
pathways, herbal medicines have been receiving quite a bit of attention as alternative therapeutic
agents(Y. H. Chen et al.,, 2021; Cherry et al., 2014; Zhao et al., 2019). Various bioactive
phytochemicals, such as flavonoids, alkaloids, phenolic acids, glycosides, and terpenoids, with
antioxidant, anti-inflammatory, antiapoptotic, and neuroprotective activities are present in
medicinal plants(Faleye et al., 2023; Ramezani et al., 2023). The compounds may have synergic
effects that make them even more effective and reduce side effects. Herbal drugs tend to be better

tolerated and less harmful than synthetically based medicines when used over an extended
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period(Meng-zhen et al., 2022; Vauzour et al., 2008). Their multi-target pharmacological activities
make them particularly suitable for chronic neurodegenerative disorders, such as Alzheimer's
disease. Thus, the search for medicinal plants that are potential controllers of neuroinflammatory
signalling pathways is an emerging area within neurotherapies(Ali Esmail Al-Snafi, 2021; Bryan

etal., n.d.).
1.6 Dalbergia sissoo as a promising neurotherapeutic candidate

Dalbergia sissoo Roxb., known as Sheesham or Indian rosewood, is a medicinal plant of the
Fabaceae family. It grows widely in South Asia and is used traditionally in Ayurveda and other
traditional system of medicine for the treatment of inflammatory disorders, skin diseases,
gastrointestinal disorders and neurological disorders(Al-Snafi, 2017a). That every part of the plant
(leaves, bark, roots and heartwood) has significant medicinal value. Chemical analysis of
Dalbergia sissoo revealed the presence of certain phytochemical compounds such as flavonoids,
phenolic compounds, tannins, glycosides, alkaloids and saponins which are biologically active(Al-
Snafi, 2017a; Hossen et al., 2023; Kasa et al., 2015). These phytochemicals display potent
antioxidant, anti-inflammatory, antimicrobial and neuroprotective properties. Experimental works
have shown that extract of Dalbergia sissoo has potential to decrease oxidative stress, inhibition
of production of inflammatory cytokines and protection of neuronal cells from oxidative and
inflammatory injury(Asif & Kumar, 2009; Brijesh et al., n.d.; Sau & Handral, 2015; Swaroop &
Banerjee, 2014). The neuroprotective role of Dalbergia sissoo could be linked to the modulation
of inflammatory signalling pathways such as the P2X7 receptor — NLRP3 inflammasome axis.
Ultimately, Dalbergia sissoo could potentially help to reduce the chronic inflammation in the brain
and impairing of the neurons that are connected to Alzheimer's disease, by doing these actions in
relation to oxidative stress, cytokines and the activation of microglia. Overall, Dalbergia sissoo is
a potential herbal drug to be explored more in the field of Alzheimer's disease(Al-Snafi, 2017a;
Asif & Kumar, 2009; Gandhi et al., 2022; Hossen et al., 2023; Sau & Handral, 2015; Sehra &
Sharma, n.d.; Swaroop & Banerjee, 2014; Vanshita & Bajpai, 2023).

2. Pathophysiology of Alzheimer's disease

Alzheimer's Disease is a complex and progressive neurodegenerative disorder which involves

gradual neuronal loss, synaptic dysfunction and cognitive decrease(Knopman et al., 2021; Tanzi,
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2012). The pathogenesis of AD is linked to several molecular and cellular mechanisms which are
interconnected such as accumulation of amyloid-beta, hyperphosphorylation of tau, oxidative
stress, mitochondrial dysfunction, and chronic neuroinflammation(Heneka et al., 2015; Long &
Holtzman, 2019; Soyon Hong, 2016). All of these pathological events may be contributing to

neuronal degeneration and the progression of dementia.
2.1 Amyloid cascade hypothesis

One of the most accepted hypothesis concerning the pathogenesis of Alzheimer's disease is the
amyloid cascade hypothesis. This hypothesis suggests that the amyloid precursor protein (APP) is
abnormally processed leading to an increased production and accumulation of amyloid-beta (AP)
peptides in the brain(Kepp et al., 2023; Y. Zhang et al., 2023). These peptides cluster together to
create extracellular amyloid plaques, which are regarded as pathological markers of AD. Amyloid
beta plaques disrupt neuronal communications and synaptic transmission, causing dysfunction of
synapses and a decrease in cognitive function(Balgoon et al., 2019; Sondag et al., 2009). Soluble
AP oligomers are especially neurotoxic and interfere with synaptic plasticity, memory formation
and neuronal survival. Moreover, the deposition of amyloid beta leads to the activation of
inflammatory pathways, mitochondrial dysfunction and oxidative stress, accelerating the process
of neurodegeneration(Sondag et al., 2009). The accumulation of amyloid plaques is a progressive
process that leads to subsequent downstream pathological events that play important roles in the
development and progression of Alzheimer's disease(Azargoonjahromi, 2024; Hampel et al.,

2023).
2.2 Hyper-phosphorylated Tau proteins and neurofibrillary tangles.

Tau is another MA protein which regulates the stability of the neuronal cytoskeletons and axonal
transport. Tau normally plays a role in maintaining the integrity and regular functioning of
neurons(Rawat et al., 2022; Sayas & Avila, 2021). Hyperphosphorylation of tau protein is
associated with dissociating it from microtubules and is found to be abnormal in Alzheimer's
disease. Changes in the levels of hyperphosphorylated tau within neurons lead to the development
of intracellular neurofibrillary tangles (NFTs) that are another pathological hallmark of AD(Rawat
et al.,, 2022; H. Zhang et al., 2021). These tangles hinder the movement of nutrients down the

axons, cause trouble in communicating between neurons, and lead to "synaptic failure. Eventually,
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an increasing number of neurofibrillary tangles are generated which causes the degeneration and
death of neurons(Paolicelli et al., 2011; Shankar & Walsh, 2009). In the case of Alzheimer's
disease, there is a strong correlation with the severity of the cognitive decline and the presence of
tau pathology. As abnormal tau protein spreads to other areas of the brain, memory difficulties
become more severe and neurological functions become impaired. As such, genesis of NFTs and
tau hyperphosphorylation are a major component of neurodegeneration observed in AD(Heneka

et al., 2015; Long & Holtzman, 2019).
2.3 Oxidative stress and mitochondrial dysfunction

Oxidative stress is a key pathological factor in Alzheimer's disease, and is caused by an imbalance
between the generation of reactive oxygen species (ROS) and the antioxidant defence system. Due
to the high metabolic rate, the inability to regenerate and their proximity to oxygen, neurons are
susceptible to oxidative damage(Ali et al., 2024; Ténnies & Trushina, 2017). Over production of
ROS causes damage of cell lipids, proteins and nucleic acids leading to impaired function and life
of neurons(Tonnies & Trushina, 2017). Oxidative stress is also responsible for the aggregation of
amyloid-beta and hyperphosphorylation of tau, thus forming a vicious circle of neuronal damage
and inflammation. Mitochondrial dysfunction in the generation of ROS and in energy metabolism
impairment is crucially relevant to Alzheimer's disease(Ali et al., 2024; Raheja et al., 2021).
Impaired function of damaged mitochondria is characterized by decreased production of ATP,
distorted calcium controls and higher levels of oxidative stress. The disease is accelerated by
abnormality of the mitochondria which further increases neuronal apoptosis and reduces their
functional capabilities as synapses(Armstrong et al., 2002; Sanz & Virgilio, 2000; Tewari et al.,
2024). Thus, oxidative stress/mitochondrial damage has been proposed as one of the significant

factors of neurodegeneration in AD.
2.4 Neuroinflammation in Alzheimer's Disease

Inflammation of the nervous system has been identified as one of the significant pathogenic
processes in Alzheimer Disease (AD). The inflammatory activity of microglia and astrocytes is
chronically activated after deposition of amyloid beta and injury to neurons, causing chronic
inflammatory responses in the brain(Cherry et al., 2014; de Vries et al., 1997; W. Zhang et al.,

2023). Microglia, which are resident immune cells in the central nervous system, are vital in
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maintaining homeostasis of the neurons. In the progression of AD, activated microglia generate
the pro-inflammatory cytokines, chemokines, nitric oxide and ROS. Likewise, activated astrocytes
have a role in inflammatory signalling and neuronal dysfunction(Hanisch & Kettenmann, 2007;

Monif et al., 2010).

2.5 Signaling through P2X7 Purinergic receptors and NLRP3 inflammasome

signalling

Purinergic signalling is an important mechanism in the regulation of inflammatory responses in
the central nervous system. After the injury or stress, release of extracellular ATP serves as DAMS
and activates purinergic receptors on microglial cells(Bedetta et al., 2025; Soares-Bezerra et al.,
2015). P2X7 receptors are mainly expressed on activated microglia. Increased ATP in the
extracellular compartment causes activation of P2X7 receptor, leading to a variety of
accompanying events, including Ca influx, K efflux, and initiation of intracellular inflammatory
signalling pathways(Y. H. Chen et al., 2021; Wei et al., 2025). The P2X7R activation stimulates
the assembly of NLRP3 inflammasome complex, composed of NLRP3 protein, ASC adaptor
protein and pro-caspase-1. This complex formation induces the maturation and release of pro-
inflammatory cytokines, e.g. interleukin-18 (IL-18) and interleukin-1f (IL-1p) through maturation
of caspase-1(Francistiova et al., 2020; Huang et al., 2024; Wei et al., 2025). The P2X7 receptor-
NLRP3 inflammasome axis is chronically activated, leading to oxidative stress, mitochondrial
dysfunction, chronic neuroinflammation and neuronal degeneration in Alzheimer's disease. Hence,
modulation of this signalling cascade has become a therapeutic target for preventing
neuroinflammation-mediated damage and to halt the progression of AD(L. H. Jiang & Roger,

2020; Martin et al., 2019; Territo & Zarrinmayeh, 2021).
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P2X7 receptor activation by extracellular ATP triggers ionic flux and cellular stress signals, leading to NLRP3 inflammaasome assembly,
caspase-1 activation, and maturation of IL-1p and IL-18, which drive chronic neuroinflammation and neurodegeneration in Alzheimer's disease.

Figure 2. P2X7 Receptor—NLRP3 Inflammasome Activation

The figure demonstrates ATP-mediated activation of the P2X7 receptor on microglial cells, leading
to potassium efflux, ROS generation, NLRP3 inflammasome assembly, caspase-1 activation, and
release of inflammatory cytokines including IL-1B and IL-18, which contribute to chronic

neuroinflammation and neuronal injury in Alzheimer’s disease.
3. P2X7 receptor as a therapeutic target in AD.

The purinergic P2X7 receptor (P2X7R) has become a key molecular target in Alzheimer's disease,

because of its key role in neuroinflammatory signalling and in neuronal degeneration. There is
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growing evidence that dysregulated activation of the P2X7 receptor is found in chronic
inflammation, oxidative stress, dysfunction of synapses, and progressive loss of neurons as seen
in Alzheimer's disease(P. Jiang et al., 2025; Ryu & McLarnon, 2008). Modulation of P2X7 receptor
signalling therefore has become a focus of interest for the potential treatment of AD, as
neuroinflammation is now known to play a significant role in the pathology of the disease(Beltran-

Lobo, Reid, et al., 2023; Grygorowicz & Struzynska, 2019).

3.1 Expression and function of P2X7R in CNS

P2X7 receptor is a ligand-gated ion channel of the P2X family, which is mainly activated by
extracellular adenosine triphosphate (ATP). P2X7 receptors are abundantly expressed on
microglial cells within the central nervous system (CNS), with lower levels of expression also seen
on astrocytes and oligodendrocytes and in some neuronal sub-populations(Faria et al., 2012;
Hardebo et al., 1987; Katkar, 2026). In normal physiological states, P2X7R expression is relatively
low, and it plays a supporting role in maintaining immune surveillance, neurotransmitter release
and cellular homeostasis. When the receptor is activated physiologically, it plays a role in
regulating immune responses and neuronal communication in the brain(Godoy et al., 2019;
Grygorowicz & Struzynska, 2019; Kachappilly et al., 2026). In pathological situation, however,
such as oxidative stress, trauma, amyloid- accumulation or neurodegeneration, the concentration
of ATP in the outside increases considerably, causing the longer activation of the P2X7 receptor(Y.
H. Chen et al., 2021). The continued activity of P2X7R results in the influx of calcium, the efflux
of potassium, the depolarization of the membrane and the activation of inflammatory signalling
pathways. Receptor over-activation also facilitates mitochondrial dysfunction, production of
reactive oxygen species and the assembly of inflammasomes, which allows for neuronal damage
and neurodegeneration. Hence, P2X7R is emerging as a critical link connecting neuronal damage
with inflammatory reactions in AD(Y. H. Chen et al., 2021; Francistiova et al., 2020; Sperlagh et
al., 2002).

3.2The microglial activation and release of cytokines P2X7R.

The resident CNS immune cells called microglia are essential for maintaining neuronal
homeostasis. In the context of Alzheimer 's disease, amyloid beta deposition and neuronal injury

activates the microglial cell leading to increased expression and activation of the P2X7
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receptor(Grygorowicz & Struzynska, 2019; Monif et al., 2009). If P2X7R is activated, then
microglial transformation occurs by adopting pro-inflammatory phenotype which releases
excessive inflammatory mediators(Bedetta et al., 2025; K. Zhang et al., 2025). NLRP3
inflammasome complex activation is stimulated by ATP mediated stimulation of P2X7R and
results in caspase-1 activation and maturation of pro-inflammatory cytokines, including
interleukin-1p (IL-1PB) and interleukin-18 (IL-18). Moreover, activated microglia can produce
tumor necrosis factor-alpha (TNF-a), nitric oxide and reactive oxygen species, which can further
exacerbate neuroinflammation and neuronal damage(Islam et al., 2022; L. H. Jiang & Roger, 2020;
Shieh et al., 2014). Chronic inflammatory signalling stimulated by the activation of P2X7R leads
to dysfunction at the synapse, oxidative stress, mitochondrial impairment and apoptosis of neurons.
A neurotoxic environment is brought about through the chronic production of IL-1p and TNF-a
which accelerates cognitive decline and progression of Alzheimer's disease. Thus, the inhibition
of P2X7R regarding microglial activation could be a possible therapeutic target for modulating

neuro-inflammatory damage in AD(Bockstiegel et al., 2023; Lin et al., 2026).
3.3 Experimental Evidence in the Field of AD Models Targeting P2X7R

Targeting the P2X7 receptor in Alzheimer’s disease is therapeutically important as seen from
several experimental studies in cellular and animal models(Kachappilly et al., 2026). The P2X7R
has been implicated directly in the disease pathogenesis with increased expression reported in
microglial cells located near the amyloid plaques in the AD brain(Maschio et al., 2024; Ni et al.,
2013). The pharmacological blockade of P2X7R or genetic deletion of this receptor has
demonstrated to prevent neuroinflammation, microglial activation, and pro-inflammatory
cytokines production in animal studie(Di Lauro et al., 2022; Ryu & McLarnon, 2008)s. Excessive
activation of P2X7R signalling has been correlated with increases in amyloid-beta (Af) deposition,
impairment of synapses plasticity and decreases in cognitive performance in transgenic mouse
models of Alzheimer's disease (AD). It has also been shown that blockade of the P2X7 receptor
reduces oxidative stress, mitochondrial dysfunction and protects the survival of neurons in
experimental models(Di Lauro et al., 2022; Ryu & McLarnon, 2008). The results are consistent
with the hypothesis that modulation of P2X7R-mediated signaling pathways may delay the
progression of disease and be neuroprotective in Alzheimer's disease. Synthetic P2X7 receptor

antagonists and limitations
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3.4 Synthetic P2X7 receptor antagonists and limitations

There are a number of synthetic P2X7 receptor antagonists developed and studied for anti-
inflammatory and neuroprotective properties. Brilliant blue G, A-740003 and other selective
antagonists have shown encouraging activity in pre-clinical models that have been associated with
reduced inflammasome activation, cytokine release and neuronal damage(X. Chen et al., 2014;
Honore et al., 2006). However, although some very promising preclinical data have emerged,
clinical translation of synthetic P2X7 antagonists has proven problematic. Poor blood—brain barrier
(BBB) penetration is one major disadvantage that impedes sufficient drug delivery to the central
nervous system (CNS)(de Koning et al., 2025; de Vries et al., 1997; Lee & Funk, 2023). However,
many synthetic antagonists are poorly bioavailable, have short half-lives and lack selectivity.
Adverse effects of long-term use of synthetics can also include hepatotoxicity, immunosuppression
and off-target toxicity. Because several pathological processes are thought to underpin the
pathology of Alzheimer's disease, an intervention approach that focuses on the P2X7 receptor
alone may not yield the desired therapeutic effect(Y. H. Chen et al., 2021; McLarnon et al., 2006;
Parvathenani et al., 2003). These restrictions have motivated scientists to find multi-target and
safer therapeutic interventions. Natural, multi-target P2X7 modulators with increased safety are

needed.
3.5 Need for safer, natural, multi-target P2X7 modulators

Herbal medicines possess multi-target pharmacological properties and are generally associated
with improved safety and tolerability during long-term administration(Prakash Dahiya et al.,
2025a). Many plant-derived compounds including flavonoids, phenolic acids, alkaloids, and
tannins, exhibit anti-inflammatory, antioxidant, and neuroprotective effects. These phytochemicals
can simultaneously regulate multiple pathological pathways involved in Alzheimer’s disease,
including oxidative stress, mitochondrial dysfunction, cytokine production, and inflammasome
activation. Herbal interventions also provide synergistic effects through interactions among
multiple bioactive compounds, thereby enhancing therapeutic efficacy(Bidula et al., 2025; Fischer

et al., 2014; Liang et al., 2025).

Compared to synthetic antagonists, natural P2X7 modulators may demonstrate better long-term

safety profiles and reduced toxicity. Therefore, identification and development of herbal
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compounds capable of regulating P2X7 receptor—NLRP3 inflammasome signalling may provide

promising therapeutic strategies for Alzheimer’s disease management(Bidula et al., 2025; Riya A

Nalawade et al., 2025).

Table 1. Comparison of Synthetic versus Herbal P2X7 Receptor Modulators

Compound / | Type Mechanism of | Therapeutic Effects Limitations
Extract Action
A-740003 Synthetic Competitive Reduces IL-1B release | Poor BBB
antagonist inhibition of | and neuroinflammation | penetration
P2X7R
Brilliant Synthetic dye | Blocks ATP | Suppresses microglial | Low selectivity
Blue G binding to P2X7R | activation and
bioavailability
Curcumin Natural Inhibits P2X7- | Antioxidant and anti- | Poor solubility
phytochemical | NLRP3 signalling | inflammatory effects
Resveratrol | Natural Downregulates Reduces oxidative | Low oral
polyphenol P2X7R expression | stress and cytokine | bioavailability
release
Dalbergia Herbal extract | Multi-target Antioxidant, anti- | Limited  direct
sissoo extract modulation of | inflammatory, clinical evidence
inflammatory neuroprotective effects
pathways

4. Pharmacological and Phytochemical Profile of Dalbergia sissoo

4.1 Botanical description and ethnomedicinal significance

Dalbergia sissoo Roxb., commonly known as Sheesham or Indian rosewood, is a deciduous

medicinal tree belonging to the family Fabaceae. It is widely recognized for its therapeutic

importance and has been extensively used in traditional systems of medicine including Ayurveda,

Unani, and folk medicine. The plant is valued not only for its durable timber but also for its
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medicinal properties associated with different plant parts such as leaves, bark, roots, flowers, and

seeds(Al-Snafi, 2017b; Hossen et al., 2023; Prakash Dahiya et al., 2025a).

Taxonomy

Taxonomic Rank Classification
Kingdom Plantae

Division Magnoliophyta

Class Magnoliopsida

Order Fabales

Family Fabaceae

Genus Dalbergia

Species Dalbergia sissoo Roxb.

Dalbergia sissoo is native to the Indian subcontinent and is widely distributed throughout India,
Pakistan, Nepal, Bangladesh, and Afghanistan. It commonly grows in subtropical and tropical
regions, particularly near riverbanks and alluvial soils. Due to its medicinal and economic
importance, the plant is also cultivated in several Asian and African countries(Hossen et al., 2023;

Prakash Dahiya et al., 2025a).

Traditionally, Dalbergia sissoo has been used for the treatment of various inflammatory, infectious,
gastrointestinal, and neurological disorders. Different plant extracts are utilized for management
of fever, skin diseases, wounds, ulcers, diarrhea, rheumatism, and pain. In traditional medicine,
the plant is also considered useful in strengthening the nervous system and improving general

health(Al-Snafi, 2017a; Brijesh et al., n.d.; Hossen et al., 2023).
4.2 Traditional uses related to neurological and inflammatory disorders

In traditional medicinal systems, Dalbergia sissoo has been regarded as a valuable therapeutic
agent for neurological and inflammatory disorders(Sehra & Sharma, n.d.; Swaroop & Banerjee,

2014). The leaves and bark extracts are believed to possess brain-stimulating and nervine tonic

VOLUME 10 ISSUE 07 2026 PAGE NO: 364


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

JOURNAL OF https://doi.org/10.71058/jodac.v10i0717

“'DYNAMICS AND CONTROL

properties that may help improve mental performance and reduce weakness associated with

neurological dysfunction(Qin et al., 2024; Vanshita & Bajpai, 2023).

Traditional healers have used Dalbergia sissoo preparations as a brain tonic for improving
memory, concentration, and mental alertness. The plant has also been used in conditions associated
with fatigue, stress, and age-related cognitive decline(Article et al., 2016; Raheja et al., 2021).
These medicinal claims suggest possible neuroprotective and cognitive-enhancing effects of the

plant(Al-Snafi, 2017b; Gandhi et al., 2022; Prakash Dahiya et al., 2025a).
Anti-inflammatory applications

Extracts of Dalbergia sissoo have long been used for treating inflammatory conditions such as
arthritis, joint pain, swelling, and inflammatory skin disorders. The anti-inflammatory activity of
the plant is mainly attributed to its flavonoids, tannins, and phenolic compounds, which help
suppress inflammatory mediators and oxidative stress(Asif & Kumar, 2009; Sagar & Upadhyaya,
2010).

The traditional use of Dalbergia sissoo in inflammatory disorders provides scientific rationale for
investigating its therapeutic role in neuroinflammation-associated diseases such as Alzheimer’s

disease(Al-Snafi, 2017a; Brijesh et al., n.d.; Gandhi et al., 2022; Hossen et al., 2023).
4.3 Phytochemical constituents of Dalbergia sissoo

Phytochemical investigations have revealed that Dalbergia sissoo contains a wide range of
bioactive compounds responsible for its pharmacological activities(Brijesh et al., n.d.; Hossen et
al., 2023; Sehra & Sharma, n.d.; Vanshita & Bajpai, 2023). Major phytochemical groups identified
in the plant include flavonoids, phenolic compounds, glycosides, tannins, alkaloids, saponins, and
terpenoids(Farag et al., 2001; Prakash Dahiya et al., 2025a). These compounds exhibit antioxidant,
anti-inflammatory, antimicrobial, and neuroprotective activities(Brijesh et al., n.d.; Hossen et al.,

2023; Sehra & Sharma, n.d.; Vanshita & Bajpai, 2023).
4.3.1 Flavonoids

Flavonoids are among the major phytochemical constituents present in Dalbergia sissoo. These
compounds possess strong antioxidant and anti-inflammatory properties that contribute

significantly to neuroprotection(Meng-zhen et al., 2022; Spencer, 2009).
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Quercetin: Quercetin is a well-known flavonoid identified in Dalbergia sissoo. It exhibits potent
free radical scavenging activity and helps reduce oxidative stress-induced neuronal damage.
Quercetin has also been reported to inhibit inflammatory cytokine production and suppress
activation of inflammatory signalling pathways, including the NLRP3 inflammasome pathway(Ma

et al., 2020; Minocha et al., 2022).

Kaempferol: Kaempferol is another important flavonoid present in Dalbergia sissoo. It
demonstrates antioxidant, anti-inflammatory, and neuroprotective properties. Kaempferol helps
protect neuronal cells from oxidative injury and may regulate microglial activation associated with

neuroinflammation(Faleye et al., 2023; Hole & Williams, 2020; Khanna et al., 2025).
4.3.2 Phenolic compounds

Phenolic compounds present in Dalbergia sissoo contribute significantly to its antioxidant and

anti-inflammatory effects(Al-Snafi, 2017).

Gallic acid: Gallic acid is an important phenolic compound known for its strong antioxidant
activity. It protects neuronal tissues against oxidative stress by neutralizing reactive oxygen species

and inhibiting lipid peroxidation(Deepali et al., 2025; Hossen et al., 2023).
Polyphenols

Polyphenolic compounds present in Dalbergia sissoo exhibit significant neuroprotective effects
through modulation of inflammatory responses and oxidative stress pathways. These compounds

may help maintain mitochondrial integrity and improve neuronal survival(Hossen et al., 2023).

4.3.3 Glycosides, tannins, and alkaloids

Dalbergia sissoo also contains glycosides, tannins, alkaloids, and other secondary metabolites that
contribute to its therapeutic effects(Brijesh et al., n.d.; Farag et al., 2001; Vanshita & Bajpai, 2023).
Glycosides possess anti-inflammatory and membrane-stabilising activities, while tannins exhibit
antioxidant and antimicrobial properties. Alkaloids present in the plant may influence
neurotransmitter activity and central nervous system function. Collectively, these bioactive
compounds contribute to the multi-target pharmacological profile of Dalbergia sissoo(Al-Snafi,

2017; Farag et al., 2001; Vauzour et al., 2008; Yu et al., 2016).
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Table 2. Phytochemicals Isolated from Dalbergia sissoo and Their Biological Activities

Category Compound Chemical Class Reported Biological Activity
Name
Flavonoid Kaempferol Flavonol ROS scavenging, anti-inflammatory activity
Phenolic Gallic acid Polyphenol Antioxidant and free radical scavenging
compound
Tannin Tannic acid Polyphenolic tannin Anti-inflammatory and antimicrobial activity
Glycoside Sissooside Glycoside Membrane stabilization and anti-
inflammatory effects
Alkaloid Various alkaloids | Nitrogen-containing CNS modulation and neuroprotection
compounds

4.4 Pharmacological activities relevant to neuroprotection

The pharmacological activities of Dalbergia sissoo are closely associated with mechanisms

involved in neurodegeneration and Alzheimer’s disease pathology. The plant demonstrates anti-

inflammatory, antioxidant, and neuroprotective properties that may help reduce neuronal damage

and cognitive impairment(Asif & Kumar, 2009; Prakash Dahiya et al., 2025a; Sau & Handral,
2015; Vanshita & Bajpai, 2023).

VOLUME 10 ISSUE 07 2026

PAGE NO: 367


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

JOURNAL OF https://doi.org/10.71058/jodac.v10i0717

“'DYNAMICS AND CONTROL

4.4.1 Anti-inflammatory activity

Dalbergia sissoo exhibits significant anti-inflammatory activity through suppression of
inflammatory mediators and cytokines. Experimental studies have demonstrated reduction in pro-
inflammatory cytokines such as IL-1B, TNF-a, and IL-6 following administration of plant
extracts(Asif & Kumar, 2009; Sagar & Upadhyaya, 2010; Yu et al., 2016). The anti-inflammatory
effects are mainly attributed to inhibition of inflammatory signalling pathways and suppression of
microglial activation by reducing chronic inflammatory responses. Dalbergia sissoo may help
prevent neuronal injury associated with Alzheimer’s disease(Asif & Kumar, 2009; Boongird et al.,

2025; Prakash Dahiya et al., 2025).
4.4.2 Antioxidant activity

The antioxidant activity of Dalbergia sissoo is primarily mediated by flavonoids and polyphenolic
compounds that neutralize reactive oxygen species (ROS) and reduce oxidative stress.Plant
extracts have been shown to enhance endogenous antioxidant defense systems including
superoxide dismutase, catalase, and glutathione peroxidase. Reduction of oxidative stress helps
preserve mitochondrial function and neuronal membrane integrity(Deepali et al., 2025; Jain et al.,

2025).
4.4.3 Neuroprotective and cognitive-enhancing effects

Experimental studies suggest that Dalbergia sissoo possesses neuroprotective and cognitive-
enhancing properties. Plant extracts have demonstrated beneficial effects on learning ability,
memory retention, and neuronal survival in animal models(Swaroop & Banerjee, 2014).
Neuroprotective activity may result from combined antioxidant and anti-inflammatory
mechanisms, along with regulation of neuronal signalling pathways. By suppressing oxidative
stress and inflammatory damage, Dalbergia sissoo may help preserve synaptic function and reduce
progression of neurodegeneration associated with Alzheimer’s disease(Al-Snafi, 2017a; Swaroop

& Banerjee, 2014).
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5. Proposed Mechanistic Interplay Between Dalbergia sissoo and the

P2X7-NLRP3 Axis

Neuroinflammation in Alzheimer’s disease is mediated through complex molecular pathways
involving immune activation, oxidative stress, and inflammatory signalling. Among these
mechanisms, the ATP-mediated P2X7 receptor—NLRP3 inflammasome pathway plays a central
role in amplifying chronic neuroinflammatory responses and neuronal degeneration(Y. H. Chen et
al., 2021; Fan et al., 2020; Heneka et al., 2015). The phytochemical constituents of Dalbergia
sissoo possess significant antioxidant and anti-inflammatory properties that may interfere with
multiple stages of this signalling cascade(Hossen et al., 2023; Prakash Dahiya et al., 2025; Sau &
Handral, 2015). Therefore, Dalbergia sissoo may function as a multi-target neuroprotective agent
capable of modulating neuroinflammation and neuronal injury associated with Alzheimer’s

disease(Swaroop & Banerjee, 2014).
5.1 ATP-induced P2X7 receptor activation and downstream signalling

Extracellular adenosine triphosphate (ATP) acts as an important danger-associated molecular
signal released from damaged or stressed neurons during neurodegeneration. Elevated
extracellular ATP concentrations activate the P2X7 receptor present predominantly on microglial

cells in the central nervous system(L.-H. Jiang et al., 2021; Mufioz et al., 2021; Tewari et al., 2024).

Activation of the P2X7 receptor causes rapid ionic imbalance characterized by calcium influx and
potassium efflux across the cell membrane(Karmakar et al., 2016). This ionic disturbance leads to
membrane depolarization and initiation of downstream inflammatory signalling pathways.
Sustained activation of P2X7R also promotes mitochondrial dysfunction and excessive generation

of reactive oxygen species (ROS)(D’amico et al., 2021; Lenertz et al., 2009).

ROS generation contributes significantly to oxidative stress, cellular injury, and activation of
inflammasome signalling pathways. In addition, prolonged P2X7 receptor stimulation enhances
microglial activation and release of inflammatory mediators, thereby intensifying neuronal damage
and synaptic dysfunction in Alzheimer’s disease(Aktary et al., 2025; D’amico et al., 2021; Lenertz
et al., 2009).
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5.2 Role of NLRP3 inflammasome in neurodegeneration

The NLRP3 inflammasome is a multiprotein inflammatory complex involved in regulation of
innate immune responses and neuroinflammation. Activation of the NLRP3 inflammasome occurs
in response to ATP-mediated P2X7 receptor stimulation, mitochondrial dysfunction, oxidative
stress, and amyloid-beta accumulation(D’amico et al., 2021; Karmakar et al., 2016; Y. Zhang et
al., 2020). The inflammasome complex consists of NLRP3 protein, ASC adaptor protein, and pro-
caspase-1. Assembly of this complex results in activation of caspase-1, an important inflammatory
enzyme responsible for processing immature cytokines into their active forms(Bockstiegel et al.,

2023; Heneka et al., 2013).

Activated caspase-1 promotes maturation and release of pro-inflammatory cytokines such as
interleukin-1p (IL-1B) and interleukin-18 (IL-18). These cytokines contribute to chronic
neuroinflammation, synaptic dysfunction, neuronal apoptosis, and progression of
neurodegeneration in Alzheimer’s disease(Bai & Zhang, 2021; Mariathasan et al., 2004; McManus
& Latz, 2024). Persistent activation of the NLRP3 inflammasome establishes a vicious
inflammatory cycle that further enhances oxidative stress, amyloid-beta toxicity, and neuronal
injury. Consequently, inhibition of NLRP3 inflammasome activation has emerged as an important
therapeutic strategy for controlling neuroinflammatory damage in AD(Bai & Zhang, 2021; Li &
Gong, 2025).

5.3 Evidence supporting phytochemical modulation of P2X7R and NLRP3

Bioactive compounds present in Dalbergia sissoo, particularly flavonoids and phenolic
compounds, exhibit strong antioxidant and anti-inflammatory activities that may interfere with
ATP-mediated inflammatory signalling(Deepali et al., 2025; Hossen et al., 2023). Flavonoids such
as quercetin and kaempferol have been reported to inhibit microglial activation, suppress
inflammatory cytokine production, and reduce oxidative stress(Minocha et al., 2022; Spencer,
2009). These compounds may inhibit ATP-induced P2X7 receptor activation and prevent ionic

imbalance associated with inflammasome assembly.

In addition, phytochemicals present in Dalbergia sissoo may suppress reactive oxygen species
generation and mitochondrial dysfunction, thereby reducing activation of the NLRP3

inflammasome complex due to Their anti-inflammatory mechanisms include inhibition of
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inflammatory transcription factors, reduction of cytokine release, and suppression of microglial-
mediated neuronal toxicity(Hossen et al., 2023; Vanshita & Bajpai, 2023). Although direct
experimental evidence involving Dalbergia sissoo and P2X7-NLRP3 signalling in Alzheimer’s
disease remains limited, the known pharmacological activities of its phytochemicals strongly

support its potential neuroprotective role.
5.4 Comparative mechanisms with other natural P2X7/NLRP3 inhibitors

Several natural compounds have demonstrated the ability to regulate P2X7 receptor signalling and

inhibit NLRP3 inflammasome activation in neurodegenerative disorders(Bidula et al., 2025).

Curcumin: Curcumin, a polyphenolic compound derived from Curcuma longa, exhibits potent
antioxidant and anti-inflammatory activities(Faria et al., 2012; Nuka et al., 2018). Experimental
studies have shown that curcumin suppresses activation of the P2X7 receptor and inhibits assembly
of the NLRP3 inflammasome complex. Curcumin also reduces production of inflammatory
cytokines, oxidative stress, and neuronal apoptosis, thereby improving cognitive function in

Alzheimer’s disease models(Faria et al., 2012; Fischer et al., 2014; Liang et al., 2025).

Resveratrol: Resveratrol, a natural polyphenol present in grapes and berries, has also
demonstrated neuroprotective effects through modulation of inflammatory signalling pathways.
Resveratrol suppresses P2X7 receptor expression, inhibits inflammasome activation, and reduces
release of IL-1B and TNF-a. In addition, it protects neurons against oxidative stress and

mitochondrial dysfunction(Bissacotti et al., 2025; Chiang et al., 2025; Feng & Zhang, 2019).

Similar to curcumin and resveratrol, phytochemicals present in Dalbergia sissoo may exert
neuroprotective effects through simultaneous regulation of oxidative stress, inflammatory
signalling, and inflammasome activation(Bissacotti et al., 2025; Chiang et al., 2025; Faria et al.,
2012; Feng & Zhang, 2019; Fischer et al., 2014). The multi-component phytochemical profile of
Dalbergia sissoo may provide synergistic therapeutic benefits compared to single-compound

interventions.
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6. Integrative Perspective and Future Research Directions

The current increased knowledge of the importance of neuroinflammation in Alzheimer's disease
has led to the desire to find new therapeutic compounds that can target several different pathways
in the pathology simultaneously(Forstl & Kurz, 1999). The results have demonstrated the high
antioxidant, anti-inflammatory, and neuroprotective properties of Dalbergia sissoo, which could
have potential therapeutic applications in neurodegenerative diseases(Gandhi et al., 2022). While,
there is initial pharmacological evidence to suggest that it may have medicinal value, there is still

much work to do before it can be clinically significant in the management of Alzheimer's disease.
6.1 Gaps in current evidence and need for experimental validation

Further studies should be done to validate the molecular mechanism of neuroprotection of D.
sissoo especially modulation of P2X7 receptor-NLRP3 inflammasome signalling pathway(Aktary
et al., 2025; Grygorowicz & Struzynska, 2019; Herdiana, 2025). Moreover, advanced formulation
strategies and translational studies are needed to enhance therapeutic-efficacy and clinical-
applicability. To date, there is a lack of evidence to fill in the missing pieces and further
experimental validations are still needed(Aktary et al., 2025; D. Chen & Sun, 2025). The
antioxidant and anti-inflammatory features of Dalbergia sissoo have been highlighted; however
direct experimental studies to assess its therapeutic efficacy in Alzheimer's disease are few(Simone
et al., 2014; Stanciu, 2025). The studies currently available focus mainly on the general
pharmacological activities including anti-inflammatory, antimicrobial, hepatoprotective and
antioxidant activity; with little or no attention on specific neurodegenerative activities(Prakash
Dahiya et al., 2025). Well-designed in vivo and in vitro study is missing on direct interaction of
the phytochemical constituents of Dalbergia sissoo with the P2X7 receptor-NLRP3
inflammasome pathway in the models of Alzheimer's disease and Physiologic validation by
transgenic animal models of AD, neuronal cell culture, and mechanistic studies based on
biomarkers is needed to validate its proposed neuroprotective effects. Further research should
confirm the evaluation of parameters like inflammatory cytokines, oxidative stress markers,
amyloid beta burden, synaptic integrity, mitochondrial function and cognitive performance after
dalbergia sissoo extracts or isolated phytochemicals(Aktary et al., 2025; Ayodele et al., 2021; D.
Chen & Sun, 2025; Simone et al., 2014; Yiannopoulou & Papageorgiou, 2013). These studies will
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give better scientific data to support the use of it for therapeutic purposes in neurodegenerative

disease.
6.2 Challenges in translation

While the pharmacological potential of Dalbergia sissoo has shown some promise, different
challenges have to be surmounted before its clinical application can be realised(Deepali et al.,
2025). These limitations are associated with low bioavailability, variation in phytochemical
composition and non-standardization of the therapeutic formulations(D. Chen & Sun, 2025;

Hossen et al., 2023).
6.2.1 Bioavailability and pharmacokinetics

A drawback of phytochemicals derived from plants is their inability to be well absorbed in the
human stomach and intestine(Al-Snafi, 2017b; Sehra & Sharma, n.d.). The flavonoids and
phenolic compounds which are available in Dalbergia sissoo have low water solubility, poor
absorption, rapid metabolism, and low systemic circulation(Deepali et al., 2025; Spencer, 2009;
Vauzour et al., 2008). The utility of these drugs for therapeutic use may be limited by these
pharmacokinetic properties, and the drugs may not be delivered adequately to the brain.
Furthermore, the crossing of the blood-brain barrier (BBB) is a great problem in the treatment of
neurodegenerative diseases. The failure to reach adequate levels in the central nervous system
could mean that bioactive compounds do not adequately enter the CNS to regulate the neuro-
inflammatory pathways(de Koning et al., 2025; de Vries et al., 1997). It is therefore necessary to
conduct comprehensive studies over the absorption, distribution, metabolism, excretion and BBB
permeability of the phytochemicals from Dalbergia sissoo(de Koning et al., 2025; Raheja et al.,
2021). Optimization of drug delivery systems and dosing strategies will also be crucial to enhance

the therapeutic outcomes.
6.2.2 Standardization and quality control

Standardization of herbal medicines represents another major challenge in translational research.
The phytochemical composition of Dalbergia sissoo may vary depending on geographical origin,

environmental conditions, harvesting methods, and extraction procedures(Gandhi et al., 2022).
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Variability in phytochemical content can lead to inconsistencies in therapeutic efficacy and
reproducibility of experimental results(Gandhi et al., 2022). Therefore, maintaining batch-to-batch
consistency is essential for development of reliable and clinically acceptable herbal

formulations(Gandhi et al., 2022; Sau & Handral, 2015).

Advanced phytochemical profiling techniques such as high-performance liquid chromatography
(HPLC), mass spectrometry, and spectroscopic analysis should be employed for identification and
quantification of major bioactive compounds. Standardization based on specific phytochemical
markers would help ensure quality control, safety, and therapeutic consistency of Dalbergia sissoo-
based formulations(Article et al., 2016; Brijesh et al., n.d.; Gandhi et al., 2022; Swaroop &
Banerjee, 2014).

6.3 Advanced strategies for enhanced efficacy

To overcome translational limitations and improve therapeutic efficacy, advanced pharmaceutical
and nanotechnological approaches should be explored for delivery of Dalbergia sissoo

phytochemicals.
6.3.1 Nanoformulations and targeted delivery

Herbal compounds can be improved in their bioavailability and brain-targeting efficiency with use
of nanotechnology-based drug delivery system (NDDDS)(Herdiana, 2025; Kaczmarek-Hajek et
al., 2018). Phytochemicals of D. sissoo could be improved with the advantage of solubility,
stability, and controlled release by encapsulation in the form of nanoparticles, liposomes, nano
emulsions, or polymeric carriers(Vanshita & Bajpai, 2023). Nanoparticles are potential
nanocarriers to overcome the blood-brain barrier and target the neuronal tissues with bioactive
compounds. Likewise, liposomal formulations might help resist degradation of phytochemicals
and prolong their time in systemic circulation(Article et al., 2016; Herdiana, 2025; Vanshita &
Bajpai, 2023). Finally, specific delivery systems could minimize unwanted activity and enhance
therapeutic efficacy by specifically regulating inflammatory signalling pathways associated with
Alzheimer's disease(Herdiana, 2025). Thus, adapting such nanoformulation strategies could
perhaps be a great deal in delivering clinical application of Dalbergia sissoo; which could be very

interesting in neurodegenerative disorders.
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6.3.2 Synergistic phytochemical combinations

Synergistical effect between many of the active ingredients present in the seed might exert a
reinforcing effect, thus increasing the therapeutic efficacy of Dalbergia sissoo(Al-Snafi, 2017b).
The combined actions of flavonoids, phenolic compounds, tannins, and alkaloids found in the plant
could play a role in managing oxidative stress, inflammatory pathways, mitochondrial dysfunction,
and apoptosis of neurons(Brijesh et al., n.d.; Farag et al., 2001; Hossen et al., 2023; Sehra &
Sharma, n.d.). Phytochemical synergism has the potential to enhance inhibition of inflammatory
cytokines, decrease oxidative stress and increase neuronal survival(Hossen et al., 2023). Using a
network pharmacology and systems biology perspective might help guide the identification of
potential synergistic interactions between phytochemicals in order to better understand the multi-
target therapeutic mechanisms(Sehra & Sharma, n.d.). This may help in formulating effective

herbal medicine for managing Alzheimer's Disease.
6.4 prospects for clinical studies and clinical relevance.

The increasing setting of neuroinflammation as a therapeutic effects goal in Alzheimer's disease
supplies powerful motivation for considering the interventions utilizing Dalbergia sissoo in a
scientific atmosphere(Angioni et al., 2024; Forstl & Kurz, 1999). It is currently based on
preliminary experimental findings of its antioxidant, anti-inflammatory and neuroprotective
properties, indicating substantial translational potential. Future research should be aimed at
investigating the safety, tolerability, pharmacokinetics and therapeutic efficacy of a standardized
formulation of Natural Plants in mild cognitive impairment and Alzheimer's disease
patients(Colom-Cadena et al., 2020; Territo & Zarrinmayeh, 2021; J. Zhang et al., 2024). With a
focus on inflammatory mediators, oxidative stress parameters, amyloid-beta burden, and cognitive
performance, biomarker-based studies may offer insightful information regarding the status of
treatments(Aktary et al., 2025; Colom-Cadena et al., 2020). The use of more controlled systems
of drug delivery and well-defined phytochemical formulations could prove useful in the course of
clinical trials and help the researchers who are trying to convert the usefulness of *Dalbergia
sissoo* into a therapeutic use as an adjuvant or complementary treatment in neurodegenerative
conditions(Brijesh et al., n.d.; Gandhi et al., 2022; Prakash Dahiya et al., 2025a). This merging of
ancient traditional healing practices and contemporary neuroscience research could thus aid in the

formulation of more effective and safe therapeutic approaches to Alzheimer's disease.
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7. Conclusion

Dalbergia sissoo is a highly promising, multi-target herbal therapy for Alzheimer's disease, rich in
bioactive phytochemicals that provide robust antioxidant, anti-inflammatory, and neuroprotective
defenses. A core mechanism of its efficacy is the modulation of the ATP-mediated P2X7-NLRP3
inflammasome axis. By suppressing this pathway, D. sissoo constituents prevent caspase-1
activation and the release of toxic pro-inflammatory cytokines like IL-1B and IL-18, thereby

halting microglial hyperactivation and protecting neurons.

This multi-target botanical approach offers reduced toxicity and improved long-term safety
compared to single-target synthetic antagonists. Although comprehensive clinical trials,
standardized formulations, and innovative drug delivery methods are still required to fully validate
its clinical efficacy, D. sissoo demonstrates extraordinary translational potential, successfully

uniting traditional herbal medicine with modern neurotherapeutics.

VOLUME 10 ISSUE 07 2026 PAGE NO: 376


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

JOURNAL OF https://doi.org/10.71058/jodac.v10i0717

“'DYNAMICS AND CONTROL

References

2026 Alzheimer’s disease facts and figures. (2026). Alzheimer’s and Dementia, 22(4).
https://doi.org/10.1002/alz.71345

Aktary, N., Jeong, Y., Oh, S., Shin, Y., Sung, Y., Rahman, M., Ramos Santiago, L., Choi, J., Song,
H. G., Nurkolis, F., Ribeiro, R. I. M. A., Park, M. N., & Kim, B. (2025). Unveiling the
therapeutic potential of natural products in Alzheimer’s disease: insights from in vitro, in

vivo, and clinical studies. In Frontiers in Pharmacology (Vol. 16). Frontiers Media SA.
https://doi.org/10.3389/fphar.2025.1601712

Ali Esmail Al-Snafi. (2021). Medicinal plants possessed beneficial therapeutic effects in
Alzheimer’s disease and memory deficits. GSC Biological and Pharmaceutical Sciences,
17(2), 008-033. https://doi.org/10.30574/gscbps.2021.17.2.0321

Ali, J., Choe, K., Park, J. S., Park, H. Y., Kang, H., Park, T. J., & Kim, M. O. (2024). The Interplay
of Protein Aggregation, Genetics, and Oxidative Stress in Alzheimer’s Disease: Role for
Natural Antioxidants and Immunotherapeutics. In Antioxidants (Vol. 13, Number 7).
Multidisciplinary Digital Publishing Institute (MDPI).
https://doi.org/10.3390/antiox 13070862

Angioni, D., Cummings, J., Lansdall, C. J., Middleton, L., Sampaio, C., Gauthier, S., Cohen, S.,
Petersen, R. C., Rentz, D. M., Wessels, A. M., Hendrix, S. B., Jessen, F., Carrillo, M. C.,
Doody, R. S., Irizarry, M., Andrews, J. S., Vellas, B., Aisen, P., Andrieu, S., ... Zhou, J. (2024).
Clinical Meaningfulness in Alzheimer’s Disease Clinical Trials. A Report from the EU-US
CTAD Task Force. The Journal of Prevention of Alzheimers Disease, 11(5), 1219-1227.
https://doi.org/10.14283/jpad.2024.112

Armstrong, J. N., Brust, T. B., Lewis, R. G., & Macvicar, B. A. (2002). Activation of Presynaptic
P2X 7-Like Receptors Depresses Mossy Fiber-CA3 Synaptic Transmission through p38
Mitogen-Activated Protein Kinase.

Article, O., Yasmeen, S., & Gupta, P. (2016). IN VITRO DEMONSTRATION OF DALBERGIA
SISSOO (INDIAN ROSEWOOD) METHANOLIC EXTRACTS AS POTENTIAL AGENTS
FOR SUNSCREENING AND DNA NICK PREVENTION.

Asif, M., & Kumar, A. (2009). ANTI-INFLAMMATORY ACTIVITY OF ETHANOLIC
EXTRACT OF DALBERGIA SISSOO (ROXB.) BARK. In Malaysian Journal of
Pharmaceutical Sciences (Vol. 7, Number 1).

Ayodele, T., Rogaeva, E., Kurup, J. T., Beecham, G., & Reitz, C. (2021). Early-Onset Alzheimer’s
Disease: What Is Missing in Research? Current Neurology and Neuroscience Reports, 21(2),
4. https://doi.org/10.1007/s11910-020-01090-y

VOLUME 10 ISSUE 07 2026 PAGE NO: 377


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

JOURNAL OF https://doi.org/10.71058/jodac.v10i0717

“'DYNAMICS AND CONTROL

Azargoonjahromi, A. (2024). The duality of amyloid-f: its role in normal and Alzheimer’s disease
states. In Molecular Brain (Vol. 17, Number 1). BioMed Central Ltd.
https://doi.org/10.1186/s13041-024-01118-1

Bai, H., & Zhang, Q. (2021). Activation of NLRP3 Inflammasome and Onset of Alzheimer’s
Disease. In  Frontiers in Immunology (Vol. 12). Frontiers Media S.A.
https://doi.org/10.3389/fimmu.2021.701282

Balgoon, M. J., Ahmed, G. A. R., Qusti, S. Y., & Shaker, S. (2019). Transit phases of B-amyloid
and tau proteins formation and re-solubilisation in AD rat hippocampus tissue as probed by

ATR-IR  spectroscopy. Neurology Psychiatry and Brain Research, 31, 1-8.
https://doi.org/10.1016/;.npbr.2018.11.001

Bedetta, M., Pizzo, P., & Lia, A. (2025). The Multifaceted Role of P2X7R in Microglia and
Astrocytes. In  Neurochemical — Research ~ (Vol. 50, Number 4). Springer.
https://doi.org/10.1007/s11064-025-04502-y

Beltran-Lobo, P., Hughes, M. M., Troakes, C., Croft, C. L., Rupawala, H., Jutzi, D., Ruepp, M. D.,
Jimenez-Sanchez, M., Perkinton, M. S., Kassiou, M., Golde, T. E., Hanger, D. P., Verkhratsky,
A., Perez-Nievas, B. G., & Noble, W. (2023). P2X7R influences tau aggregate burden in
human tauopathies and shows distinct signalling in microglia and astrocytes. Brain, Behavior,
and Immunity, 114, 414-429. https://doi.org/10.1016/j.bbi.2023.09.011

Beltran-Lobo, P., Reid, M. J., Jimenez-Sanchez, M., Verkhratsky, A., Perez-Nievas, B. G., &
Noble, W. (2023). Astrocyte adaptation in Alzheimer’s disease: a focus on astrocytic P2X7R.
In Essays in Biochemistry (Vol. 67, Number 1, pp. 119-130). Portland Press Ltd.
https://doi.org/10.1042/EBC20220079

Bidula, S., Piyasirananda, W., Bielecka, H., Bibi¢, L., Beekman, A., & Stokes, L. (2025). Screening
herbal and natural product libraries to aid discovery of novel allosteric modulators of human
P2X7. Purinergic Signalling, 21(2), 365-379. https://doi.org/10.1007/s11302-024-10055-6

Bissacotti, B. F., da Silveira, M. V., Assmann, C. E., Copetti, P. M., Santos, A. F. dos, Fagan, S. B.,
da Rocha, J. A. P., Schetinger, M. R. C., Morsch, V. M. M., Bottari, N. B., Machado, A. K.,
& da Silva, A. S. (2025). Resveratrol Alleviates Inflammatory Response Through
P2X7/NLRP3 Signaling Pathway: In Silico and In Vitro Evidence from Activated Microglia.
Pharmaceuticals, 18(7). https://doi.org/10.3390/ph18070950

Bockstiegel, J., Engelhardt, J., & Weindl, G. (2023). P2X7 receptor activation leads to NLRP3-
independent IL-1B release by human macrophages. Cell Communication and Signaling,
21(1). https://doi.org/10.1186/s12964-023-01356-1

Boongird, C., Tearneukit, W., Wongpipathpong, W., Suthutvoravut, U., Thongpan, M.,
Pongsettakul, N., McKay, G. J., Rattanasiri, S., Anothaisintawee, T., & Thakkinstian, A.
(2025). Comparative efficacy of pharmacotherapy and non-pharmacotherapy for treating

VOLUME 10 ISSUE 07 2026 PAGE NO: 378


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

JOURNAL OF https://doi.org/10.71058/jodac.v10i0717

“'DYNAMICS AND CONTROL

Alzheimer’s disease: A systematic review and network meta-analysis for cognitive, behavior
and functional outcomes. Alzheimer s & Dementia, 21(S4).
https://doi.org/10.1002/alz70858 097093

Brijesh, S., Daswani, P. G., Tetali, P., Antia, N. H., & Birdi, T. J. (n.d.). Studies on Dalbergia sissoo
(Roxb.) leaves: Possible mechanism(s) of action in infectious diarrhoea.

Bryan, K. J., Lee, H.-G., Perry, G., Smith, M. A., & Casadesus, G. (n.d.). A service of the National
Library of Medicine. In National Institutes of Health.

Chen, D., & Sun, Y. (2025). Current Status of Plant-Based Bioactive Compounds as Therapeutics
in Alzheimer’s Diseases. In Journal of Integrative Neuroscience (Vol. 24, Number 1). IMR
Press Limited. https://doi.org/10.31083/JIN23090

Chen, X., Hu, J., Jiang, L., Xu, S., Zheng, B., Wang, C., Zhang, J., Wei, X., Chang, L., & Wang,
Q. (2014). Brilliant Blue G improves cognition in an animal model of Alzheimer’s disease
and inhibits amyloid-B-induced loss of filopodia and dendrite spines in hippocampal neurons.
Neuroscience, 279, 94—101. https://doi.org/10.1016/j.neuroscience.2014.08.036

Chen, Y. H., Lin, R. R., & Tao, Q. Q. (2021). The role of P2X7R in neuroinflammation and
implications in Alzheimer’s disease. In Life Sciences (Vol. 271). Elsevier Inc.
https://doi.org/10.1016/;.1£s.2021.119187

Cherry, J. D., Olschowka, J. A., & O’Banion, M. K. (2014). Neuroinflammation and M2 microglia:
the good, the bad, and the inflamed. Journal of Neuroinflammation, 11(1), 98.
https://doi.org/10.1186/1742-2094-11-98

Chiang, M.-C., Yang, Y.-P., Nicol, C. J. B., Chiang, T., & Yen, C. (2025). Resveratrol-Enhanced
Human Neural Stem Cell-Derived Exosomes Mitigate MPP+-Induced Neurotoxicity
Through Activation of AMPK and Nrf2 Pathways and Inhibition of the NLRP3
Inflammasome in SH-SYSY Cells. Life, 15(2), 294. https://doi.org/10.3390/1ife15020294

Colom-Cadena, M., Spires-Jones, T., Zetterberg, H., Blennow, K., Caggiano, A., Dekosky, S. T.,
Fillit, H., Harrison, J. E., Schneider, L. S., Scheltens, P., De Haan, W., Grundman, M., Van
Dyck, C. H., Izzo, N. J., & Catalano, S. M. (2020). The clinical promise of biomarkers of
synapse damage or loss in Alzheimer’s disease. In Alzheimer s Research and Therapy (Vol.
12, Number 1). BioMed Central Ltd. https://doi.org/10.1186/s13195-020-00588-4

Cummings, J. L., Zhou, Y., Yang, Y., Zhong, K., Fonseca, J., Osse, A. L., & Cheng, F. (2026).
Alzheimer’s disease drug development pipeline: 2026. Alzheimer’s & Dementia:
Translational Research & Clinical Interventions, 12(2). https://doi.org/10.1002/trc2.70251

D’amico, R., Fusco, R., Siracusa, R., Impellizzeri, D., Peritore, A. F., Gugliandolo, E., Interdonato,
L., Sforza, A. M., Crupi, R., Cuzzocrea, S., Genovese, T., Cordaro, M., & Di Paola, R. (2021).
Inhibition of p2x7 purinergic receptor ameliorates fibromyalgia syndrome by suppressing

VOLUME 10 ISSUE 07 2026 PAGE NO: 379


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

JOURNAL OF https://doi.org/10.71058/jodac.v10i0717

“'DYNAMICS AND CONTROL

nlrp3  pathway.  International  Journal — of  Molecular  Sciences,  22(12).
https://doi.org/10.3390/ijms22126471

de Koning, L. A., Vazquez-Matias, D. A., Beaino, W., Vugts, D. J., van Dongen, G. A. M. S., van
der Flier, W. M., Ries, M., van Vuurden, D. G., Vijverberg, E. G. B., & van de Giessen, E.
(2025). Drug delivery strategies to cross the blood-brain barrier in Alzheimer’s disease: a
comprehensive review on three promising strategies. In The journal of prevention of
Alzheimer's disease (Vol. 12, Number 7, p. 100204).
https://doi.org/10.1016/j.tjpad.2025.100204

de Vries, H. E., Kuiper, J., de Boer, A. G., Van Berkel, T. J. C., & Breimer, D. D. (1997). The
Blood-Brain Barrier in Neuroinflammatory Diseases. Pharmacological Reviews, 49(2), 143—
155. https://doi.org/10.1016/S0031-6997(24)01320-6

Deepali, D., Gulia, V., Kumar, S., Rani, J., Barwant, M. M., & Kumar, D. (2025). Dalbergia sissoo
Ethanolic Extract: A Natural Source of Antioxidant, Antibacterial, and Anticorrosive Agents.
Chemistry & Biodiversity, 22(9). https://doi.org/10.1002/cbdv.202500602

Dhuna, K. (2019). Novel Pharmacological Modulators of P2X7 receptor.

Di Lauro, C., Bianchi, C., Sebastian-Serrano, A., Soria-Tobar, L., Alvarez-Castelao, B., Nicke, A.,
& Diaz-Hernandez, M. (2022). P2X7 receptor blockade reduces tau induced toxicity,

therapeutic  implications in  tauopathies.  Progress in  Neurobiology, 208.
https://doi.org/10.1016/j.pneurobio.2021.102173

Di Virgilio, F., Dal Ben, D., Sarti, A. C., Giuliani, A. L., & Falzoni, S. (2017). The P2X7 Receptor
in Infection and Inflammation. Immunity, 47(1), 15-31.
https://doi.org/10.1016/j.immuni.2017.06.020

Di Virgilio, F., Sarti, A. C., & Grassi, F. (2018). Modulation of innate and adaptive immunity by
P2X  ion  channels. Current  Opinion  in  Immunology, 52,  51-59.
https://doi.org/10.1016/j.c01.2018.03.026

Diaz-Hernandez, M., Diez-Zaera, M., Sanchez-Nogueiro, J., Gémez-Villafuertes, R., Canals, J.
M., Alberch, J., Miras-Portugal, M. T., & Lucas, J. J. (2009). Altered P2X7-receptor level and
function in mouse models of Huntington’s disease and therapeutic efficacy of antagonist
administration. The FASEB Journal, 23(6), 1893—1906. https://doi.org/10.1096/1].08-122275

Faleye, O.S., Lee, J. H., & Lee, J. (2023). Selected flavonoids exhibit antibiofilm and antibacterial
effects against Vibrio by disrupting membrane integrity, virulence and metabolic activities.
Biofilm, 6. https://doi.org/10.1016/j.bioflm.2023.100165

Fan, X., Ma, W., Zhang, Y., & Zhang, L. (2020). P2X7 Receptor (P2X7R) of Microglia Mediates
Neuroinflammation by Regulating (NOD)-Like Receptor Protein 3 (NLRP3) Inflammasome-

VOLUME 10 ISSUE 07 2026 PAGE NO: 380


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

Ve JOURNAL OF https://doi.org/10.71058/jodac.v10i0717

DYNAMICS AND CONTROL

Dependent Inflammation After Spinal Cord Injury. Medical Science Monitor, 26.
https://doi.org/10.12659/MSM.925491

Farag, S. F., Ahmed, A. S., Terashima, K., Takaya, Y., & Niwa, M. (2001). Isoflavonoid glycosides

from Dalbergia sissoo. Phytochemistry, 57(8), 1263—1268. https://doi.org/10.1016/S0031-
9422(01)00195-9

Faria, R., Ferreira, L., Bezerra, R., Frutuoso, V., & Alves, L. (2012). Action of natural products on
P2 receptors: A reinvented era for drug discovery. In Molecules (Vol. 17, Number 11, pp.
13009-13025). https://doi.org/10.3390/molecules171113009

Feng, L., & Zhang, L. (2019). Resveratrol Suppresses AB-Induced Microglial Activation Through
the TXNIP/TRX/NLRP3 Signaling Pathway. DNA and Cell Biology, 38(8), 874—879.
https://doi.org/10.1089/dna.2018.4308

Fischer, W., Urban, N., Immig, K., Franke, H., & Schaefer, M. (2014). Natural compounds with
P2X7 receptor-modulating properties.  Purinergic  Signalling, 10(2), 313-326.
https://doi.org/10.1007/s11302-013-9392-1

Forstl, H., & Kurz, A. (1999). Clinical features of Alzheimer’s disease. European Archives of
Psychiatry and Clinical Neuroscience, 249(6), 288-290.
https://doi.org/10.1007/s004060050101

Francistiova, L., Bianchi, C., Di Lauro, C., Sebastian-Serrano, A., de Diego-Garcia, L., Koboldk,
J., Dinnyés, A., & Diaz-Hernandez, M. (2020). The Role of P2X7 Receptor in Alzheimer’s
Disease. In Frontiers in Molecular Neuroscience (Vol. 13). Frontiers Media S.A.
https://doi.org/10.3389/fnmol.2020.00094

Gandhi, T., Shah, H., Trivedi, R., Deshmukh, A., & Hingorani, L. (2022). Safety Evaluation of a
Standardized Dalbergia sissoo Leaf Extract (DSLE). Pharmacognosy Research, 14(2), 172—
180. https://doi.org/10.5530/pres.14.2.25

Godoy, P. A., Ramirez-Molina, O., & Fuentealba, J. (2019). Exploring the role of P2X receptors
in Alzheimer’s disease. In Frontiers in Pharmacology (Vol. 10). Frontiers Media S.A.
https://doi.org/10.3389/fphar.2019.01330

Grygorowicz, T., & Struzynska, L. (2019). Early P2X7R-dependent activation of microglia during
the asymptomatic phase of autoimmune encephalomyelitis. Inflammopharmacology, 27(1),
129-137. https://doi.org/10.1007/s10787-018-0528-3

Hampel, H., Hu, Y., Hardy, J., Blennow, K., Chen, C., Perry, G., Kim, S. H., Villemagne, V. L.,
Aisen, P., Vendruscolo, M., Iwatsubo, T., Masters, C. L., Cho, M., Lannfelt, L., Cummings,
J. L., & Vergallo, A. (2023). The amyloid-f Pathway in Alzheimer’s Disease: A Plain
Language Summary. Neurodegenerative Disease Management, 13(3), 141-149.
https://doi.org/10.2217/nmt-2022-0037

VOLUME 10 ISSUE 07 2026 PAGE NO: 381


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

JOURNAL OF https://doi.org/10.71058/jodac.v10i0717

“'DYNAMICS AND CONTROL

Hanisch, U.-K., & Kettenmann, H. (2007). Microglia: active sensor and versatile effector cells in
the normal and pathologic brain. Nature Neuroscience, 10(11), 1387-1394.
https://doi.org/10.1038/nn1997

Hardebo, J. E., Kéhrstrom, J., & Owman, C. (1987). P1- and P2-purine receptors in brain
circulation. European Journal of  Pharmacology, 144(3), 343-352.
https://doi.org/10.1016/0014-2999(87)90387-6

Heneka, M. T., Carson, M. J., Khoury, J. El, Landreth, G. E., Brosseron, F., Feinstein, D. L., Jacobs,
A. H., Wyss-Coray, T., Vitorica, J., Ransohoff, R. M., Herrup, K., Frautschy, S. A., Finsen,
B., Brown, G. C., Verkhratsky, A., Yamanaka, K., Koistinaho, J., Latz, E., Halle, A., ...
Kummer, M. P. (2015). Neuroinflammation in Alzheimer’s disease. In The Lancet Neurology
(Vol. 14, Number 4, pp. 388—405). Lancet Publishing Group. https://doi.org/10.1016/S1474-
4422(15)70016-5

Heneka, M. T., Kummer, M. P., Stutz, A., Delekate, A., Schwartz, S., Vieira-Saecker, A., Griep,
A., Axt, D., Remus, A., Tzeng, T.-C., Gelpi, E., Halle, A., Korte, M., Latz, E., & Golenbock,
D. T. (2013). NLRP3 is activated in Alzheimer’s disease and contributes to pathology in
APP/PS1 mice. Nature, 493(7434), 674—-678. https://doi.org/10.1038/nature11729

Herdiana, Y. (2025). Bridging the Gap: The Role of Advanced Formulation Strategies in the
Clinical Translation of Nanoparticle-Based Drug Delivery Systems. International Journal of
Nanomedicine, Volume 20, 13039—13053. https://doi.org/10.2147/IJN.S554821

Hole, K. L., & Williams, R. J. (2020). Flavonoids as an Intervention for Alzheimer’s Disease:
Progress and Hurdles Towards Defining a Mechanism of Action . Brain Plasticity, 6(2), 167—
192. https://doi.org/10.3233/bpl-200098

Honore, P., Donnelly-Roberts, D., Namovic, M. T., Hsieh, G., Zhu, C. Z., Mikusa, J. P., Hernandez,
G., Zhong, C., Gauvin, D. M., Chandran, P., Harris, R., Medrano, A. P., Carroll, W., Marsh,
K., Sullivan, J. P., Faltynek, C. R., & Jarvis, M. F. (2006). A-740003 [N-(1-{[(Cyanoimino)(5-
quinolinylamino) methyl]amino}-2,2-dimethylpropyl)-2-(3,4-dimethoxyphenyl)acetamide],
a Novel and Selective P2X7 Receptor Antagonist, Dose-Dependently Reduces Neuropathic
Pain in the Rat. The Journal of Pharmacology and Experimental Therapeutics, 319(3), 1376—
1385. https://doi.org/10.1124/jpet.106.111559

Hossen, Md. F., Nijhu, R. S., & Khatun, A. (2023). A phytochemical and pharmacological review
on Dalbergia sissoo: A potential medicinal plant. Journal of Pharmacognosy and
Phytochemistry, 12(1), 52-57. https://doi.org/10.22271/phyto.2023.v12.i1a.14557

Huang, Q., Ying, J., Yu, W., Dong, Y., Xiong, H., Zhang, Y., Liu, J., Wang, X., & Hua, F. (2024).
P2X7 Receptor: an Emerging Target in Alzheimer’s Disease. In Molecular Neurobiology
(Vol. 61, Number 5, pp. 2866—2880). Springer. https://doi.org/10.1007/s12035-023-03699-9

VOLUME 10 ISSUE 07 2026 PAGE NO: 382


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

JOURNAL OF https://doi.org/10.71058/jodac.v10i0717

“'DYNAMICS AND CONTROL

Isik, A. T. (2010). Late onset Alzheimer’s disease in older people. In Clinical interventions in aging
(Vol. 5, pp. 307-311). https://doi.org/10.2147/cia.s11718

Islam, J., Cho, J. A., Kim, J. Y., Park, K. S., Koh, Y. J., Chung, C. Y., Lee, E. J., Nam, S. J., Lee,
K.,Kim, S. H., Park, S. H., Lee, D. Y., Kim, B. C., Lee, K. H., & Seong, S. Y. (2022). GPCR19
Regulates P2X7R-Mediated NLRP3 Inflammasomal Activation of Microglia by Amyloid 3
in a Mouse Model of Alzheimer’s Disease. Frontiers in Immunology, 13.
https://doi.org/10.3389/fimmu.2022.766919

Jain, P. K., Parashar, A. K., & Shrivastava, V. (2025). A review on exploring the health benefits
and antioxidant properties of bioactive polyphenols. In Discover Food (Vol. 5, Number 1).
Springer Nature. https://doi.org/10.1007/s44187-025-00637-7

Jiang, L. H., & Roger, S. (2020). Targeting the P2X7 receptor in microglial cells to prevent brain
inflammation. In Neural Regeneration Research (Vol. 15, Number 7, pp. 1245-1246).
Wolters Kluwer Medknow Publications. https://doi.org/10.4103/1673-5374.272575

Jiang, L.-H., Caseley, E. A., Muench, S. P., & Roger, S. (2021). Structural basis for the functional
properties of the P2X7 receptor for extracellular ATP. Purinergic Signalling, 17(3), 331-344.
https://doi.org/10.1007/s11302-021-09790-x

Jiang, P., Wang, C., Jia, F., Wu, H., Hao, H., & Jing, S. (2025). P2X7 receptor as a key player in
pathological pain: insights into Neuropathic, inflammatory, and cancer pain. In Frontiers in
Pharmacology (Vol. 16). Frontiers Media SA. https://doi.org/10.3389/fphar.2025.1585545

Kachappilly, N., Pizzo, P., & Basso, E. (2026). The neuronal P2X7R controversy: Revisiting
evidence, methods, and unresolved questions. In Neuropharmacology (Vol. 289). Elsevier
Ltd. https://doi.org/10.1016/j.neuropharm.2026.110876

Kaczmarek-Hajek, K., Zhang, J., Kopp, R., Grosche, A., Rissiek, B., Saul, A., Bruzzone, S., Engel,
T., Jooss, T., Krautloher, A., Schuster, S., Magnus, T., Stadelmann, C., Sirko, S., Koch-Nolte,
F., Eulenburg, V., & Nicke, A. (2018). Re-evaluation of neuronal P2X7 expression using
novel mouse models and a P2X7-specific nanobody. ELife, 7.
https://doi.org/10.7554/eLife.36217

Karmakar, M., Katsnelson, M. A., Dubyak, G. R., & Pearlman, E. (2016). Neutrophil P2X7
receptors mediate NLRP3 inflammasome-dependent IL-1f secretion in response to ATP.
Nature Communications, 7. https://doi.org/10.1038/ncomms 10555

Kasa, J. K., Singh, T. U., Parida, S., Addison, M. P., Darzi, S. A., Choudhury, S., Kandasamy, K.,
Singh, V., Dash, J. R., Shanker, K., & Mishra, S. K. (2015). Assessment of Indian Rosewood
(Dalbergia sissoo) Standardized Leaf Extract on Isoproterenol-Induced Myocardial Injury in
Rats. Cardiovascular Toxicology, 15(3), 250-260. https://doi.org/10.1007/s12012-014-9292-
9

VOLUME 10 ISSUE 07 2026 PAGE NO: 383


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

JOURNAL OF https://doi.org/10.71058/jodac.v10i0717

“'DYNAMICS AND CONTROL

Katkar, S. (2026). 308 | Review INTERNATIONAL JOURNAL OF PHARMACEUTICAL
SCIENCES 300 | P a g e Int. J of Pharm. Sci, 4, 300.
https://doi.org/10.5281/zenodo.20491510

Kepp, K. P., Robakis, N. K., Heilund-Carlsen, P. F., Sensi, S. L., & Vissel, B. (2023). The amyloid
cascade hypothesis: an updated critical review. In Brain (Vol. 146, Number 10, pp. 3969—
3990). Oxford University Press. https://doi.org/10.1093/brain/awad159

Khanna, S., Kumar, S., Sharma, P., Daksh, R., Nandakumar, K., & Shenoy, R. R. (2025).
Flavonoids regulating NLRP3 inflammasome: a promising approach in alleviating diabetic
peripheral neuropathy. In Inflammopharmacology (Vol. 33, Number 5, pp. 2231-2262).
Springer Science and Business Media Deutschland GmbH. https://doi.org/10.1007/s10787-
025-01729-7

Knopman, D. S., Amieva, H., Petersen, R. C., Chételat, G., Holtzman, D. M., Hyman, B. T., Nixon,
R. A., & Jones, D. T. (2021). Alzheimer disease. Nature Reviews Disease Primers, 7(1), 33.
https://doi.org/10.1038/s41572-021-00269-y

Lalo, U., & Pankratov, Y. (2023). ATP-mediated signalling in the central synapses.
Neuropharmacology, 229, 109477. https://doi.org/10.1016/j.neuropharm.2023.109477

Lee, R.-L., & Funk, K. E. (2023). Imaging blood—brain barrier disruption in neuroinflammation
and Alzheimer’s disease. Frontiers in Aging Neuroscience, 15.
https://doi.org/10.3389/fhagi.2023.1144036

Lenertz, L. Y., Gavala, M. L., Hill, L. M., & Bertics, P. J. (2009). Cell signaling via the P2X7
nucleotide receptor: linkage to ROS production, gene transcription, and receptor trafficking.
Purinergic Signalling, 5(2), 175-187. https://doi.org/10.1007/s11302-009-9133-7

Li, Z., & Gong, C. (2025). NLRP3 inflammasome in Alzheimer’s disease: molecular mechanisms
and emerging therapies. In Frontiers in Immunology (Vol. 16). Frontiers Media SA.
https://doi.org/10.3389/fimmu.2025.1583886

Liang, Y., Xie, S., & Jia, J. (2025). Pathway-based network medicine identifies novel natural
products for Alzheimer’s disease. Alzheimer’s Research and Therapy , 17(1).
https://doi.org/10.1186/s13195-025-01694-x

Liddelow, S. A., Guttenplan, K. A., Clarke, L. E., Bennett, F. C., Bohlen, C. J., Schirmer, L.,
Bennett, M. L., Miinch, A. E., Chung, W.-S., Peterson, T. C., Wilton, D. K., Frouin, A., Napier,
B. A., Panicker, N., Kumar, M., Buckwalter, M. S., Rowitch, D. H., Dawson, V. L., Dawson,
T. M., ... Barres, B. A. (2017). Neurotoxic reactive astrocytes are induced by activated
microglia. Nature, 541(7638), 481-487. https://doi.org/10.1038/nature21029

Lin, L., Li, Z., Su, F., Huang, H., Huang, S., Chen, W., Zheng, J., Yu, H., L1, F. Z., Du, X, Li, Y.,
Cai, L., You, H., Zhang, Y., & Pei, Z. (2026). An autonomous siRNA delivery system

VOLUME 10 ISSUE 07 2026 PAGE NO: 384


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

JOURNAL OF https://doi.org/10.71058/jodac.v10i0717

“'DYNAMICS AND CONTROL

targeting NLRP3: implications in Parkinson’s disease. BMC Medicine, 24(1).
https://doi.org/10.1186/s12916-026-04688-0

Long, J. M., & Holtzman, D. M. (2019). Alzheimer Disease: An Update on Pathobiology and
Treatment Strategies. Cell, 179(2), 312-339. https://doi.org/10.1016/j.cell.2019.09.001

Ma, X., Zhao, M., Tang, M.-H., Xue, L.-L., Zhang, R.-J., Liu, L., Ni, H.-F., Cai, X.-Y., Kuang, S.,
Hong, F., Wang, L., Chen, K., Tang, H., Li, Y., Peng, A.-H., Yang, J.-H., Pei, H.-Y., Ye, H.-Y.,
& Chen, L.-J. (2020). Flavonoids with Inhibitory Effects on NLRP3 Inflammasome
Activation from Millettia velutina. Journal of Natural Products, 83(10), 2950-2959.
https://doi.org/10.1021/acs.jnatprod.0c00478

Mariathasan, S., Newton, K., Monack, D. M., Vucic, D., French, D. M., Lee, W. P., Roose-Girma,
M., Erickson, S., & Dixit, V. M. (2004). Differential activation of the inflammasome by
caspase-1 adaptors ASC and Ipaf. Nature, 430(6996), 213-218.
https://doi.org/10.1038/nature02664

Martin, E., Amar, M., Dalle, C., Youssef, 1., Boucher, C., Le Duigou, C., Briickner, M., Prigent,
A., Sazdovitch, V., Halle, A., Kanellopoulos, J. M., Fontaine, B., Delatour, B., & Delarasse,
C. (2019). New role of P2X7 receptor in an Alzheimer’s disease mouse model. Molecular
Psychiatry, 24(1), 108—125. https://doi.org/10.1038/s41380-018-0108-3

Maschio, C. A., Wang, J., Maheshwari, U., Keller, A., Rominger, A., Konietzko, U., Nordberg, A.,
Hock, C., Nitsch, R. M., & Ni, R. (2024). Hippocampal purinergic P2X7 receptor level is
increased in Alzheimer s disease patients, and associated with amyloid and tau pathologies.

https://do1.org/10.1101/2024.02.28.582443

McLarnon, J. G., Ryu, J. K., Walker, D. G., & Choi, H. B. (2006). Upregulated Expression of
Purinergic P2X 7 Receptor in Alzheimer Disease and Amyloid-$ Peptide-Treated Microglia
and in Peptide-Injected Rat Hippocampus. Journal of Neuropathology & Experimental
Neurology, 65(11), 1090-1097. https://doi.org/10.1097/01.jnen.0000240470.97295.d3

McManus, R. M., & Latz, E. (2024). NLRP3 inflammasome signalling in Alzheimer’s disease. In
Neuropharmacology (Vol. 252). Elsevier Ltd.
https://doi.org/10.1016/j.neuropharm.2024.109941

Meng-zhen, S., Ju, L., Lan-chun, Z., Cai-feng, D., Shu-da, Y., Hao-fei, Y., & Wei-yan, H. (2022).
Potential therapeutic use of plant flavonoids in AD and PD. In Heliyon (Vol. 8§, Number 11).
Elsevier Ltd. https://doi.org/10.1016/j.heliyon.2022.e11440

Minocha, T., Birla, H., Obaid, A. A., Rai, V., Sushma, P., Shivamallu, C., Moustafa, M., Al-Shehri,
M., Al-Emam, A., Tikhonova, M. A., Yadav, S. K., Poeggeler, B., Singh, D., & Singh, S. K.
(2022). Flavonoids as Promising Neuroprotectants and Their Therapeutic Potential against
Alzheimer’s Disease. In Oxidative Medicine and Cellular Longevity (Vol. 2022). Hindawi
Limited. https://doi.org/10.1155/2022/6038996

VOLUME 10 ISSUE 07 2026 PAGE NO: 385


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

JOURNAL OF https://doi.org/10.71058/jodac.v10i0717

“'DYNAMICS AND CONTROL

Monif, M., Burnstock, G., & Williams, D. A. (2010). Microglia: Proliferation and activation driven
by the P2X7 receptor. In International Journal of Biochemistry and Cell Biology (Vol. 42,
Number 11, pp. 1753—1756). https://doi.org/10.1016/j.biocel.2010.06.021

Monif, M., Reid, C. A., Powell, K. L., Smart, M. L., & Williams, D. A. (2009). The P2X7 receptor
drives microglial activation and proliferation: A trophic role for P2X7R pore. Journal of
Neuroscience, 29(12), 3781-3791. https://doi.org/10.1523/JNEUROSCI.5512-08.2009

Morales, 1., Jiménez, J. M., Mancilla, M., & Maccioni, R. B. (2013). Tau Oligomers and Fibrils
Induce Activation of Microglial Cells. Journal of Alzheimer’s Disease, 37(4), 849-856.
https://doi.org/10.3233/JAD-131843

Muiioz, M. F., Griffith, T. N., & Contreras, J. E. (2021). Mechanisms of ATP release in pain: role
of pannexin and connexin channels. In Purinergic Signalling (Vol. 17, Number 4, pp. 549—
561). Springer Science and Business Media B.V. https://doi.org/10.1007/s11302-021-09822-
6

Ni, J., Wang, P., Zhang, J., Chen, W., & Gu, L. (2013). Silencing of the P2X7 receptor enhances
amyloid-p phagocytosis by microglia. Biochemical and Biophysical Research
Communications, 434(2), 363-3609. https://doi.org/10.1016/j.bbrc.2013.03.079

Nuka, E., Ohnishi, K., Terao, J., & Kawai, Y. (2018). ATP/P2X7 receptor signaling as a potential
anti-inflammatory  target ~of  natural  polyphenols. @ PLoS  ONE, 13(9).
https://doi.org/10.1371/journal.pone.0204229

Oberoi, A., Cai, K., West, R., Wadhawan, A., Willette, A., Simon, S. S., Tsao, J., Gu, Y., Fonseca,
L. M., Patel, T., & Beeri, M. S. (2026). The landscape of dementia in India: Prevalence, risk
factors, and opportunities ahead. In Alzheimer'’s and Dementia (Vol. 22, Number 6). John
Wiley and Sons Inc. https://doi.org/10.1002/alz.71526

Paolicelli, R. C., Bolasco, G., Pagani, F., Maggi, L., Scianni, M., Panzanelli, P., Giustetto, M.,
Ferreira, T. A., Guiducci, E., Dumas, L., Ragozzino, D., & Gross, C. T. (2011). Synaptic
Pruning by Microglia Is Necessary for Normal Brain Development. Science, 333(6048),
1456-1458. https://doi.org/10.1126/science.1202529

Parvathenani, L. K., Tertyshnikova, S., Greco, C. R., Roberts, S. B., Robertson, B., & Posmantur,
R. (2003). P2X7 Mediates Superoxide Production in Primary Microglia and Is Up-regulated
in a Transgenic Mouse Model of Alzheimer’s Disease. Journal of Biological Chemistry,
278(15), 13309—-13317. https://doi.org/10.1074/jbc.M209478200

Prakash Dahiya, D., Sharma, A., Sankhyan, A., Kumari, R., & Thakur, S. (2025a). Dalbergia sisoo:
A boon to mankind. ~ 265 ~ Journal of Medicinal Plants Studies, 13(2), 265-274.
www.plantsjournal.com

VOLUME 10 ISSUE 07 2026 PAGE NO: 386


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

JOURNAL OF https://doi.org/10.71058/jodac.v10i0717

“'DYNAMICS AND CONTROL

Prakash Dahiya, D., Sharma, A., Sankhyan, A., Kumari, R., & Thakur, S. (2025b). Dalbergia sisoo:
A boon to mankind. ~ 265 ~ Journal of Medicinal Plants Studies, 13(2), 265-274.
www.plantsjournal.com

Qin, S., Fang, J., He, X., Yu, G., Y1, F., & Zhu, G. (2024). The Therapeutic Potential of Dalbergia
pinnata (Lour.) Prain Essential Oil in Alzheimer’s Disease: EEG Signal Analysis In Vivo, SH-
SYSY Cell Model In Vitro, and Network Pharmacology. Biology, 13(7).
https://doi.org/10.3390/biology 13070544

Rabinovici, G. D. (2019). Late-onset Alzheimer Disease. Continuum, 25(1), 14-33.
https://doi.org/10.1212/CON.0000000000000700

Raheja, S., Girdhar, A., Kamboj, A., Lather, V., & Pandita, D. (2021). Protective effect of dalbergia
sissoo extract against amyloid-f (1-42)-induced memory impairment, oxidative stress, and
neuroinflammation in rats. Turkish Journal of Pharmaceutical Sciences, 18(1), 104-110.
https://doi.org/10.4274/tjps.galenos.2020.04379

Ramezani, M., Meymand, A. Z., Khodagholi, F., Kamsorkh, H. M., Asadi, E., Noori, M.,
Rahimian, K., Shahrbabaki, A. S., Talebi, A., Parsaiyan, H., Shiravand, S., & Darbandi, N.
(2023). A role for flavonoids in the prevention and/or treatment of cognitive dysfunction,

learning, and memory deficits: a review of preclinical and clinical studies. Nutritional
Neuroscience, 26(2), 156—172. https://doi.org/10.1080/1028415X.2022.2028058

Rawat, P., Sehar, U., Bisht, J., Selman, A., Culberson, J., & Reddy, P. H. (2022). Phosphorylated
Tau in Alzheimer’s Disease and Other Tauopathies. In International Journal of Molecular
Sciences (Vol. 23, Number 21). MDPI. https://doi.org/10.3390/ijms232112841

Riya A Nalawade, Manasi A Shinde, Deepa N Rangdal, Shruti P Pardale, & Shubhangi P Patil.
(2025). An overview of Alzheimer’s disease and therapeutic potential of natural products via
In Silico Approach. GSC Advanced Research and Reviews, 23(3), 218-245.
https://doi.org/10.30574/gscarr.2025.23.3.0169

Ryu, J. K., & McLarnon, J. G. (2008). Block of purinergic P2X7 receptor is neuroprotective in an
animal model of Alzheimer’s disease. = NeuroReport, 19(17), 1715-1719.
https://doi.org/10.1097/WNR.0b013e3283179333

Sagar, M. K., & Upadhyaya, K. (2010). Anti-inflammatory Activity of Root of Dalbergia sissoo
(Rox.b) in Carrageenan-Induced Paw Edema in Rats. Pharmacognosy Journal, 2(11), 427—
430. https://doi.org/10.1016/S0975-3575(10)80026-4

Sanz, J. M., & Virgilio, F. Di. (2000). Kinetics and Mechanism of ATP-Dependent IL-1 Release
from Microglial Cells. The Journal of Immunology, 164(9), 4893-4898.
https://doi.org/10.4049/jimmunol.164.9.4893

VOLUME 10 ISSUE 07 2026 PAGE NO: 387


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

JOURNAL OF https://doi.org/10.71058/jodac.v10i0717

“'DYNAMICS AND CONTROL

Sau, S., & Handral, M. (2015). Evaluation of Memory Enhancing Activity of Leaf Extract of
Dalbergia sissoo in Mice. In International Journal of Pharmaceutical Sciences and Drug
Research (Vol. 7, Number 3). www.ijpsdronline.com

Sayas, C. L., & Avila, J. (2021). GSK-3 and Tau: A Key Duet in Alzheimer’s Disease. Cells, 10(4),
721. https://doi.org/10.3390/cells10040721

Sehra, S. Y., & Sharma, J. (n.d.). INTERNATIONAL JOURNAL OF PHARMACEUTICAL,
CHEMICAL AND BIOLOGICAL SCIENCES PHARMACOLOGICAL EFFECTS AND
MEDICINAL IMPORTANCE OF DALBERGIA SISSOO-A REVIEW. 8(2), 234-243.
Retrieved www.ijpcbs.com

Shankar, G. M., & Walsh, D. M. (2009). Alzheimer’s disease: Synaptic dysfunction and Ap.
Molecular Neurodegeneration, 4(1). https://doi.org/10.1186/1750-1326-4-48

Shieh, C., Heinrich, A., Serchov, T., van Calker, D., & Biber, K. (2014). P2X7-dependent, but
differentially regulated release of IL-6, CCL2, and TNF-a in cultured mouse microglia. Glia,
62(4), 592—-607. https://doi.org/10.1002/glia.22628

Simone, K., Dias, T, & Viegas, C. (2014). Send Orders for Reprints to
reprints@benthamscience.net Multi-Target Directed Drugs: A Modern Approach for Design
of New Drugs for the treatment of Alzheimer’s Disease. In Current Neuropharmacology (Vol.
12).

Soares-Bezerra, R. J., Ferreira, N. C. D. S., Alberto, A. V. P., Bonavita, A. G., Fidalgo-Neto, A. A.,
Calheiros, A. S., Frutuoso, V. D. S., & Alves, L. A. (2015). An improved method for P2X7R
antagonist screening. PLoS ONE, 10(5). https://doi.org/10.1371/journal.pone.0123089

Sondag, C. M., Dhawan, G., & Combs, C. K. (2009). Beta amyloid oligomers and fibrils stimulate
differential activation of primary microglia. Journal of Neuroinflammation, 6.
https://doi.org/10.1186/1742-2094-6-1

Soyon Hong. (2016). Complement and microglia mediate early synapse loss in Alzheimer mouse
models. JAMA - Journal of the American Medical Association, 315(16), 1750-1766.
https://doi.org/10.1001/jama.2016.4226

Spencer, J. P. E. (2009). The impact of flavonoids on memory: physiological and molecular
considerations. Chemical Society Reviews, 38(4), 1152. https://doi.org/10.1039/b800422f

Sperlagh, B., Kofalvi, A., Deuchars, J., Atkinson, L., J. Milligan, C., Buckley, N. J., & Vizi, E. S.
(2002). Involvement of P2X 7 receptors in the regulation of neurotransmitter release in the rat
hippocampus. Journal of Neurochemistry, 81(6), 1196—1211. https://doi.org/10.1046/1.1471-
4159.2002.00920.x

VOLUME 10 ISSUE 07 2026 PAGE NO: 388


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

JOURNAL OF https://doi.org/10.71058/jodac.v10i0717

“'DYNAMICS AND CONTROL

SPERLAGH, B., VIZI, E., WIRKNER, K., & ILLES, P. (2006). P2X7 receptors in the nervous
system. Progress in Neurobiology, 78(6), 327-346.
https://doi.org/10.1016/j.pneurobio.2006.03.007

Stanciu, G.-D. (2025). Beyond Conventional Pharmacotherapy: Unraveling Mechanisms and
Advancing Multi-Target Strategies in Alzheimer’s Disease. Pharmaceuticals, 18(12), 1797.
https://doi.org/10.3390/ph18121797

Swaroop, T. V. S. S., & Banerjee, S. (2014). Neuroprotective Evaluation of Leaf Extract of
Dalbergia sissoo in 3-Nitropropionic Acid Induced Neurotoxicity in Rats. In International
Journal of Pharmaceutical Sciences and Drug Research (Vol. 6, Number 1).
www.ijpsdronline.com

Tanzi, R. E. (2012). The genetics of Alzheimer disease. Cold Spring Harbor Perspectives in
Medicine, 2(10). https://doi.org/10.1101/cshperspect.a006296

Territo, P. R., & Zarrinmayeh, H. (2021). P2X7 Receptors in Neurodegeneration: Potential
Therapeutic Applications From Basic to Clinical Approaches. In Frontiers in Cellular
Neuroscience (Vol. 15). Frontiers Media S.A. https://doi.org/10.3389/fncel.2021.617036

Tewari, M., Michalski, S., & Egan, T. M. (2024). Modulation of Microglial Function by ATP-
Gated P2X7 Receptors: Studies in Rat, Mice and Human. In Cells (Vol. 13, Number 2).
Multidisciplinary Digital Publishing Institute (MDPI). https://doi.org/10.3390/cells13020161

Tonnies, E., & Trushina, E. (2017). Oxidative Stress, Synaptic Dysfunction, and Alzheimer’s
Disease. In Journal of Alzheimer s Disease (Vol. 57, Number 4, pp. 1105-1121). IOS Press.
https://doi.org/10.3233/JAD-161088

Vanshita & Bajpai, M. (2023). Phytochemistry and pharmacology of Dalbergia sissoo Roxb. ex
DC: a review. Journal of Pharmacy and Pharmacology. 75. 482-501. Journal of Pharmacy
and Pharmacology, 482—501.

Vauzour, D., Vafeiadou, K., Rodriguez-Mateos, A., Rendeiro, C., & Spencer, J. P. E. (2008). The
neuroprotective potential of flavonoids: a multiplicity of effects. Genes & Nutrition, 3(3—4),
115-126. https://doi.org/10.1007/s12263-008-0091-4

Wei, S., Song, X., Mou, Y., Yang, T., Wang, Y., Wang, H., Ren, C., & Song, X. (2025). New insights
into pathogenisis and therapies of P2X7R in Parkinson’s disease. In npj Parkinson s Disease
(Vol. 11, Number 1). Nature Research. https://doi.org/10.1038/s41531-025-00980-7

Xiao, X., Liu, H., Yao, R., Li, Y., Liao, X., Liu, Y., Zhou, Y., Wang, J., Tang, B., Jiao, B., Li, J.,
Shen, L., & Luo, S. (2025). LMTK2 and CRBI are two novel risk genes for Alzheimer’s
disease in Han Chinese. The Journal of Prevention of Alzheimers Disease, 12(5), 100087.
https://doi.org/10.1016/j.tjpad.2025.100087

VOLUME 10 ISSUE 07 2026 PAGE NO: 389


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

JOURNAL OF https://doi.org/10.71058/jodac.v10i0717

“'DYNAMICS AND CONTROL

Yiannopoulou, K. G., & Papageorgiou, S. G. (2013). Current and future treatments for Alzheimer’s
disease.  Therapeutic  Advances in  Neurological  Disorders, 6(1), 19-33.
https://doi.org/10.1177/1756285612461679

Yu, J., Bi, X., Yu, B., & Chen, D. (2016). Isoflavones: Anti-inflammatory benefit and possible
caveats. In Nutrients (Vol. 8, Number 6). MDPI AG. https://doi.org/10.3390/nu8060361

Zhang, H., Wei, W., Zhao, M., Ma, L., Jiang, X., Pei, H., Cao, Y., & Li, H. (2021). Review
interaction between afy and tau in the pathogenesis of alzheimer’s disease. Infernational
Journal of Biological Sciences, 17(9), 2181-2192. https://doi.org/10.7150/ijbs.57078

Zhang, J., Zhang, Y., Wang, J., Xia, Y., Zhang, J., & Chen, L. (2024). Recent advances in
Alzheimer’s disease: Mechanisms, clinical trials and new drug development strategies. In

Signal Transduction and Targeted Therapy (Vol. 9, Number 1). Springer Nature.
https://doi.org/10.1038/s41392-024-01911-3

Zhang, K., Ran, R., Zhang, C. J., Wang, L., & Zhang, H. H. (2025). Focus on P2X7R in microglia:
its mechanism of action and therapeutic prospects in various neuropathic pain models. In

Frontiers in Pharmacology (Vol. 16). Frontiers Media SA.
https://doi.org/10.3389/fphar.2025.1555732

Zhang, W., Xiao, D., Mao, Q., & Xia, H. (2023). Role of neuroinflammation in neurodegeneration
development. In Signal Transduction and Targeted Therapy (Vol. 8, Number 1). Springer
Nature. https://doi.org/10.1038/s41392-023-01486-5

Zhang, Y., Chen, H., Li, R., Sterling, K., & Song, W. (2023). Amyloid B-based therapy for
Alzheimer’s disease: challenges, successes and future. In Signal Transduction and Targeted
Therapy (Vol. 8, Number 1). Springer Nature. https://doi.org/10.1038/s41392-023-01484-7

Zhang, Y., Dong, Z., & Song, W. (2020). NLRP3 inflammasome as a novel therapeutic target for
Alzheimer’s  disease.  Signal  Transduction and  Targeted  Therapy,  5(1).
https://doi.org/10.1038/s41392-020-0145-7

Zhao, J., Bi, W, Xiao, S., Lan, X., Cheng, X., Zhang, J., Lu, D., Wei, W., Wang, Y., Li, H., Fu, Y.,
& Zhu, L. (2019). Neuroinflammation induced by lipopolysaccharide causes cognitive
impairment in mice. Scientific Reports, 9(1). https://doi.org/10.1038/s41598-019-42286-8

VOLUME 10 ISSUE 07 2026 PAGE NO: 390


https://doi.org/10.71058/jodac.v10i0717
https://doi.org/10.71058/jodac.v10i0717

