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ABSTRACT

Neurological and neurodegenerative disorders, such as Alzheimer’s and Parkinson’s diseases, poses significant health challenges due to their complex
pathophysiology and unattainable curative treatments. Flavonoids, a diverse class of polyphenolic compounds, exhibit rich antioxidant and anti-inflammatory
properties, modulate critical downstream effectors including ERK, PI3-kinase/Akt, and inhibit enzymes linked to amyloid plaque formation leading to
mitigating neuronal apoptosis and oxidative stress. Due to their ability to penetrate blood-brain barrier, enhances their relevance in pointing neuroinflammation,
cerebral ischemia, and even glioblastoma, as evidenced by preclinical and clinical studies. Specific flavonoids, including Genistein, quercetin and hesperidin
have displayed beneficial effects in cognitive tests and pathological hallmarks in neurodegenerative diseases models. However, challenges of suboptimal
bioavailability and metabolic instability limit their daily application. Emerging approaches, particularly nanotechnology-based delivery systems, offer
innovative solutions to improve its systemically bioavailable. Although dietary flavonoids are generally safe to intake, excessive intake via supplements may
pose risks, underscoring the need for rigorous safety evaluations. This comprehensive analysis addressing the dual role of flavonoids in neuroprotection and
disease intervention, and encourages further studies to optimize their bioavailability and long-term safety in diverse populations. This review is Bridging
traditional knowledge with modern pharmacological insights, flavonoids represent a convincing avenue for the development of novel neurotherapeutics

in an era demanding safer, natural alternatives.
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Introduction

Neurological and neurodegenerative disorders represent
significant health challenges in the modern era. Common
conditions include nervous depression, while more severe
diseases such as Alzheimer’s Disease (AD), Parkinson’s Disease
(PD), Huntington’s disease, multiple sclerosis, and amyotrophic
lateral sclerosis are also prevalent. Although these disorders are
often associated with aging, they are also linked to metabolic
and immune system dysfunctions. They result in the progressive
deterioration of neurons, often accompanied by the buildup of
harmful substances, chronic inflammation, and cognitive decline.
Despite notable advancements in pharmacology, definitive cures
for these conditions remain elusive. As a result, there is growing
interest in exploring natural substances for their potential role in
prevention and supportive care.

Neurodegenerative Diseases (ND) are weakening conditions
that affect the Central Nervous System (CNS), highly related to
the aging of the world population. ND are characterized by the
dysfunction and loss of the neuronal structure and function, as a
result of uncontrolled neuronal death that leads to a progressive
decrease in brain functions [1-3]. These diseases are connected

with a wide range of clinical symptoms, including cognitive
decline, memory loss and the impairment of motor functions [1-5].
Moreover, the severity of the ND symptoms gradually increase
along with the disease development, leading to a decreased
capability for independent living. As the average lifespan
increased, the prevalence of CNS diseases tends to increase,
with a high impact of the serious effects of such diseases on the
quality of life as well as a high burden on healthcare systems
worldwide [1-3].

Neurodegeneration is defined as a selective and progressive loss of
the structure and function of specific populations of neurons, and is
found in disorders such as Parkinson’s Disease (PD),Huntington’s
Disease (HD), Alzheimer’s Disease (AD),Amyotrophic Lateral
Sclerosis (ALS or Lou Gehrig’s disease), and glaucoma [6].

Most of the drug candidates have been developed as potentially
effective neuroprotective agents based on discovery that indicate
that pathological progression of ischemic stroke and subsequent
I/R injury is caused by a variety of mechanisms, including
inflammation and oxidative stress, etc. Although, adverse side
effects and low therapeutic efficacy caused by insufficient entry
into lesioned areas and nonspecific drug distribution are resulted
in translational failure of those candidate drugs [7].
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While herbs and herbal remedies have a long history of traditional
use, they are safe and effective but unfortunately received little
scientific attention [8-12]. Many plants and their constituents are
recommended in traditional practices of medicine to increase
cognitive function and to reduce other symptoms of AD, including
poor cognition, depression, and memory loss.

Flavonoids represent a various group of natural compounds which
are biosynthesized from phenylalanine, and are present in green
pigments in the plant kingdom [13]. Flavonoids have a long
history of medical use for the treatment of numerous medical
ailments [14]. So far, more than 7,000 flavonoids are reported
from natural sources including medicinal plants, vegetables, fruits
and wines. Flavonoids have the ability to bind with various body
proteins and alter the transporters, enzymes, hormones, DNA,
chelation of heavy metals and scavenge the free radicals; as a
result, possess strong antioxidant properties. A myriad number of
pharmacological studies have been reported about their use in the
management of Diabetes Mellitus (DM), cancer, cardiovascular
diseases, neurological disorders, inflammation and microbial
diseases [15].

The effect of flavonoids rich foods like cocoa, green tea and blue
berry can be attributed to the interactions of flavonoids and their
metabolites with various cellular and molecular targets [16,17]. It
has been reported that some flavonoid interactions with receptors
within the ERK and PI3-kinase/Akt signalling pathways enhance
the production of neuromodulatory and neuroprotective proteins
and enhance the quantity and potency of certain neurone types [ 18-
20]. Simultaneously, their helpful effects on the cerebrovascular
system can enhance the cognitive performance of individuals via
an increase in blood flow and stimulation of neurogenesis in brain.
Several other mechanisms regarding the advantage of flavonoids
have been recently documented [21,22]. Flavonoids weakened
the initiation and progression of AD-like pathological symptoms
and several neurodegenerative disorders. The mechanisms
for these effects include the inhibition of neuronal apoptosis
induced by neuro-inflammation, oxidative stress, inhibition of
key enzymes included in the fabrication of amyloid plaques and
other pathological products [23]. Flavonoids thus mediate their
neuroprotective effects by keep up the neuronal quality and number
in the key brain areas and thus inhibit the onset or progression
of diseases responsible for the reduce in the cognitive function.

This review explores the neuroprotective effects of flavonoids,
focusing on their chemical composition, the mechanisms through
which they protect the nervous system, and their therapeutic
potential in preventing or slowing neurodegeneration.

Methods

Recent scientific literature published in high quality journals
were collected using PubMed, Web of Science, Scopus, and the
academic search engine Google Scholar. The keywords employed
included: flavonoids, classification of flavonoids, biosynthesis
of flavonoids, dietary sources of flavonoids, and neuroprotective
properties of flavonoid. Articles were screened based on their titles,
abstracts, and the availability of full-text versions. Publications not
in English were excluded from this review. No filters were applied
regarding text availability, article type and publication date.

Biosynthesis of Flavonoids

Flavonoids are secondary metabolites of plants obtained from
primary metabolic precursors which are generated via various
biosynthetic pathways. The shikimate pathway includes

various enzymes and six-step reactions for the biosynthesis of
shikimic acid. It starts with the aldol condensation reaction of
phosphoenolpyruvic acid and D-erythrose 4-phosphate [99, 100].
The end product of the shikimate pathway is chorismic acid which
is further converted into the amino acid phenylalanine through the
action of Prephenate-Aminotransferase (PhAT) and Arogenate-
Dehydratase (ADT) enzymes [100]. Flavonoids primarily originate
from two biosynthetic pathways (figure 1): the phenylpropanoid
pathway, which generates the phenylpropanoid skeleton (C6-C3),
and the polyketide pathway, which supplies polymeric C2 units
[101]. The enzyme chalcone synthase facilitates the synthesis of
the 2'-hydroxychalcone scaffold, which is chemically known as
(E)-1-(2-hydroxyphenyl)-3-phenylprop-2-en-1-one (Figure 1), by
utilizing p-coumaroyl CoA and malonyl CoA. This intermediate
further undergoes multiple enzymatic transformations to produce
various flavonoids [102]. Several factors, including environmental
conditions (such as light, water availability, and temperature),
hormones like jasmonic acid, and physical damage, regulate the
expression of genes involved in flavonoid biosynthesis, thereby
affecting their production. [103].
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Figure 1: Biosynthesis of Flavonoids

Overview of Flavonoid Structure

Nearly all flavonoids present a C6-C3-C6 structure containing two
benzene ring (A and B) connected by a heterocycle pyrene ring (C)
that contains oxygen (figure 2). Flavonoids can be classified into
two main groups based on the degree of central heterocyclic ring
saturation [24]. For example, anthocyanidins, flavones, flavonols,
and isoflavones contain a C2=C3 unsaturation, while flavanones,
dihydroflavonols, and flavan-3-ols are examples of saturated
flavonoids. However this classification is the most common one,
flavonoids can also be classified based on molecular size, primarily
due to the prevalence of biflavonyls in gymnosperms.Additionally
regarding flavonoid structure is the degree of substituents on the A
and B rings, groups involving like hydroxy, alkyl, and methoxy.

J Pharma Res Rep, 2025

Volume 6(3): 2-12



Citation: Wafa Mohammed Ali, Fathimathul Hisana Vattamkadathil, Fathima Hiba Kadambott, Fathima Wafa Thalappil, Rashid Kootamkodan et al. (2025) “Flavonoids
and Brain Health: Chemical insights into Neurotherapeutic Benefits” Journal of Pharmaceutical Research and Reports. SRC/JPRSR-198.

DOI: doi.org/10.47363/JPRSR/2025(6)174

Moreover, in plants, flavonoids may be seen in the free form
(aglycones) or linked to sugars. Glycosylated flavonoids are,
in fact, the most prevalent form. For instance, glycosylated
anthocyanidins are identified as a key class of flavonoids known
as anthocyanins. Anthocyanidins themselves are sensitive to light
and typically occur bound to sugars. Among flavonoid glycosides,
O-glycosides are the most common, though C-glycosides are also
present [25]. Glycosylation improves solubility, distribution, and
metabolism by aiding in membrane transport, while methylation
enhances flavonoid uptake into cells and provides protection [25].
Benzene ring

\ s

2"

Benzene ring

Closed pyran ring

Figure 2: Basic Structure of Flavonoids

Classification of Flavonoids

Flavonoids are a diverse group of natural substances with variable
phenolic structures [26]. Until now, more than 9,000 flavonoids
have been discovered and are categorized into seven subgroups
based on modifications to their core structure (figure 3). These
subgroups include flavones, flavanones, isoflavones, flavonols,
catechins, and anthocyanins [27-30].

Flavones

Flavones, a significant subgroup of flavonoids, are characterized
by a 2-phenylchromen-4-one (2-phenyl-1-benzopyran-4-one)
structure (Figure 1A) and are commonly found in the leaves,
flowers, and fruits of various plants, including celery, parsley,
red pepper, chamomile, mint, and ginkgo [31-36]. They feature a
C2'-C3' double bond and a C-ring with a ketone group at the C4’
position [37]. Typically, flavones have a hydroxyl group on the
A-ring at C5', with additional hydroxylation frequently at C7' on
the A-ring and at C3’ and C4' on the B-ring [38,39]. Glycosylation
in flavones predominantly occurs at C5’ and C7' on the B-ring,
while methylation and acylation take place on the hydroxyl groups
of the B-ring [40]. The most common flavones include apigenin,
luteolin, baicalein, chrysin, and their derivatives [41].
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Figure 3: Types of Flavonoids
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Flavonols

Flavonols, also referred to as 3-hydroxyflavones, feature a
hydroxyl group at the C3'’ position of the C-ring and exhibit
varying degrees of glycosylation [42]. They serve as the
fundamental units of proanthocyanidins and are widely present
in fruits and vegetables like onions, lettuce, tomatoes, apples, and
grapes [43-49]. The structural diversity of flavonols is primarily
influenced by glycosylation and methylation processes [50, 51].
O-glycosides, the predominant substituents, are typically located at
position 7 of the A-ring and position 3 of the C-ring, leading to the
formation of flavonol glycosides, which include compounds such
as kaempferol, quercetin, limocitrin, and isorhamnetin [52]. In the
last 15 years, there has been a notable rise in the identification
of flavonones [53]. Flavonols in the diet play a crucial role in
human health, offering antioxidant, cardioprotective, antibacterial,
antiviral, and anticancer benefits [54].

Flavanones

Flavanones, also known as dihydroflavones, are characterized by
a saturated C-ring [55]. The primary structural difference between
flavanones and other flavonoids is the absence of an unsaturated
double bond between the C2’ and C3' positions of the C-ring
[56]. Flavanones are predominantly found in citrus fruits [57,
58], featuring hydroxyl groups at the C5' and C7' positions of the
A-ring, along with hydroxyl or methoxy groups at the C3’ or C4'
positions of the B-ring [59]. The main substituent, O-glycoside,
is typically attached at position 7 of the flavanone aglycone,
resulting in flavanone glycosides [60]. These glycosides commonly
include glucoside, rhamnoside, rutinoside, and neohesperidoside
substituents [61]. Flavanones can be categorized based on their
structural variations into types such as hesperetin, naringin,
naringenin, eriodictyol, hesperidin, pinocembrin, and likvirtin
[56-62]. Among these, naringenin and hesperetin are the most
prevalent flavanones, commonly found in lemons, oranges, limes,
tangerines, and grapefruits [63-65].

Isoflavonoids

Isoflavones are distinguished by a C-ring with the B-ring attached at
position 3 (Figure 1D), which is the key structural difference from
other flavonoids [66, 67]. They are primarily found in leguminous
plants, where they play crucial roles in microbial signaling and
the formation of root nodules in legumes [68]. Isoflavones are
categorized into two main groups: genistein and daidzin, which
occur in various forms such as aglycones, 7-O-glucosides,
6'-O-acetylglucosides, and 6'-O-malonylglucosides [69, 70]. These
compounds exhibit strong antioxidant activity, helping to protect
plant cells from free radical damage and enhancing their resistance
to UV-B radiation, salt stress, and osmotic stress [71-73].

Neoflavonoids

Neoflavonoids are characterized by a 4-phenyl coumarin backbone
and the absence of a hydroxyl group at the C2’ position. These
compounds are uncommon in food plants [74]. Based on their core
skeleton structure, neoflavonoids are classified into four subtypes:
dalbergia phenols, dalbergia quinones, dalbergia lactones, and
benzoyl benzenes [75, 76].

Flavanols, Flavan-3-ols, or Catechins

Flavanols, also known as dihydroflavonols or catechins, are
3-hydroxy derivatives of and are naturally occurring plant
compounds valued for their antioxidant properties [77]. They
are often referred to as flavan-3-ols because the hydroxyl group
is consistently attached at position 3 of the C-ring [78]. Unlike
other flavonoids, flavanols lack a double bond between the C2'
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and C3' positions of the C-ring [79-81]. These compounds are
abundant in various fruits, including bananas, apples, blueberries,
and pears [82-85], and can be categorized into several types:
catechin, gallocatechin, catechin 3-gallate, gallocatechin 3-gallate,
epicatechin, epicatechin 3-gallate, and epigallocatechin 3-gallate
[86]. Flavanols and their metabolites contribute significantly to
plant defense mechanisms against environmental stresses, owing
to their strong antioxidant and free radical scavenging capabilities
[87,88].

Anthocyanins

Anthocyanins are glycosylated polyphenolic compounds that
function as soluble vacuolar pigments, producing a wide range of
colors-including orange, red, purple, and blue-in both vegetative
and reproductive parts of plants [89, 90]. To date, more than 650
anthocyanins have been identified across different plant species and

are classified into six main groups: cyanidin, delphinidin, malvidin,
pelargonidin, peonidin, petunidin, along with their derivatives
[91-93]. Unlike most other flavonoids, with the exception of
flavanols, anthocyanins lack a ketone group at position 4 of the
C-ring . These pigments are predominantly located in the outer
cell layers of many fruits and vegetables, such as black currants,
grapes, and various berries [94-98].

Chalcones

Chalcones do not have a pyran ring but they are still classified as
flavonoids on the basis of similarity in their synthetic approach
with that of flavonoid. In chalcones, the pyran moiety is available
as an open structure. The open structure has a carbonyl conjugated
to a double bond making an a, B-unsaturated ring system, an ideal
Michael acceptor for many organic reactions.

Table 1: Flavonoid Classes with Examples and Properties

Flavonoid Subclass Structural Characteristics

Examples Properties

Isoflavones

Genistein, Daidzein, Glycitein Found in soybeans, exhibit
estrogenic activity, antioxidant

properties

Neoflavonoids 3

Known for antidiabetic activity,
found in Echinops niveus,
Dalbergia odorifera, Nepalese
propolis

Neoflavones, Neoflavenes

Flavones

Found in various plants, exhibit
antioxidant and anti-inflammatory
properties

Apigenin, Luteolin, Chrysin

Flavonols

OH

Antioxidant activity, can exist as
glycosides

Quercetin, Kaempferol, Myricetin

Flavanones

O

Found in citrus fruits, exhibit
anti-inflammatory and
antimicrobial properties

Hesperidin, Naringenin

Flavanonols

O

Antioxidant and anti-
inflammatory effects

Taxifolin, Astilbin

Flavanols (Flavan-3-ols)

Found in tea, cocoa, and fruits;
strong antioxidant properties

Catechin, Epicatechin,
Gallocatechin

8
O

v
O

Anthocyanidins Cyanidin, Delphinidin, Malvidin, | Impart color to plants (red, blue,
. @ Pelargonidin pur.pl.e hues), possess antioxidant
@ ~ activity
=
Chalcones Isoliquiritigenin, Butein Precursor to flavonoids, exhibit

antimicrobial and anticancer
properties
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Neuropharmacological Benefits of Flavonoid

As stated, it has been determined for some time that certain
flavonoids can cross the BBB; here, we will discuss the current
treatments used for various brain diseases.

Neuroinflammation

Two major hallmark diseases centered around neuroinflammation
are Alzheimer’s Disease (AD) and Parkinson’s Disease (PD)
[99]. Neuroinflammation has been known to be a critical factor
in these diseases; understanding the role of anti-inflammatory,
antioxidant agents, such as flavonoids, could be beneficial in
developing future treatments (figure 4). Recently, a clinical trial
was performed for a therapeutic form of genistein, a well-defined
flavonoid chemical, on prodromal Alzheimer’s patients [100]. One
study showed a simple fruit juice diet in middle-aged women with
worsening cognition improved their cognitive performances on
the Rey Auditory Verbal Learning Test [101]. This study further
associated the presence of polyphenols in the blood and urine,
which are known metabolites of fruit juice. Urine analysis in this
study revealed higher levels of thyroxine and 3-methyladenine,
which yield stability to pro-autophagic signaling associated with
AD. Further clinical trials will elucidate additional mechanistic
and therapeutic information regarding genistein and polyphenols
and their role in neuroinflammatory diseases.

Neurginflammations

Proinflammatory
cytokines

Figure 4: Neuroprotective Effects of Flavonoids with Mechanism.

Antiinflammatory Activity

The molecular mechanisms involved in the anti-inflammatory
activities of flavonoids have been suggested to include: inhibition
of pro-inflammatory enzymes, such as cyclooxygenase-2,
lipoxygenase and inducible NO synthase, inhibition of NF-
kB and activating protein-1 (AP-1) and activation of phase II
antioxidant detoxifying enzymes, mitogen-activated protein kinase
(MAPK), protein kinase C and nuclear factor-erythroid 2-related
factor 2 [102]. Cyclooxygenase-2 is inhibited by quercetin and
kaempferol in rat peritoneal macrophages [103]. Catechin weakly
inhibits cyclooxygenase-2 but at a very high concentration (100
uM) with respect to the serum concentrations found following
the ingestion of flavonoid-rich foods [104]. Flavonols such as
kaemferol, quercetin, morin and myricetin were found to be better
lipoxygenase inhibitors than flavones.

It has been observed that several flavonoids are able to decrease the
expression of different pro-inflammatory cytokines/chemokines,
including TNFa, IL-1p, IL-6, IL-8 and monocyte-chemoattractant
protein-1, in different cell types such as RAW macrophages, Jurkat
T-cells and peripheral blood mononuclear cells [105]. Quercetin
and catechins coupled their inhibitory action on TNFa and IL-1j to
an enhanced release of the anti-inflammatory cytokine IL-10 [105].
Molecular mechanisms involved in their cytokine-modulating
activity, including polyphenol-mediated inhibition of transcription

factors NF-kB and AP-1 and reduction of MAPK activity, have
been suggested as relevant anti-inflammatory pathways [105-106].

Brain Cancer

A study showed the effects of several flavonoids on human GL-
15 glioblastoma cells and found that all the flavonoids decreased
the number of viable cells for cancer proliferation [107]. The
anti-cancer effects shown by flavonoids indicate that flavonoids
could have cytotoxic effects on cancer cells and could be a vital
avenue of therapy for patients with early forms of brain gliomas.

Flavonoids and Stroke

Over the past few decades, many studies have been conducted,
unveiling intriguing insights into using flavonoids as a remedy for
stroke. These studies have explored the therapeutic potential of
flavonoids, delving into their unique properties and mechanisms
of action, aiming to harness their beneficial effects in mitigating
the impact of stroke. According to a notable study published in
the, evidence supports the association between high polyphenolic
content in food and a reduced risk of stroke [108]. They found
that individuals who regularly consumed higher amounts of fruits
and vegetables, which are rich sources of polyphenols, exhibited
a lower risk of experiencing a stroke.

Cerebral ischemia—reperfusion injury, a critical event in the
pathogenesis of stroke, involves complex mechanisms such as
apoptosis and Extracellular Matrix (ECM) accumulation. One
study, for example, highlights the significance of apoptotic
cell death in mediating the pathological consequences of acute
brain ischemia and emphasizes the need for targeted therapeutic
interventions to modulate apoptotic pathways to mitigate the
detrimental effects of ischemic stroke [109-110]. This study allows
for a target point of research to mitigate the impact of stroke, which
was accomplished in a 2021 study by Wu et al. It provides valuable
insights into the neuroprotective effects of icaritin and icariin in an
experimental model of ischemic stroke. The findings highlight the
ability of these flavonoids to mitigate neuronal apoptosis, preserve
brain tissue integrity, and reduce the excessive accumulation of
ECM following ischemic injury.

Hemorrhagic brain injury or Intracranial Hemorrhage (ICH),
characterized by bleeding into the brain parenchyma or
subarachnoid space, threatens neurological function and patient
outcomes [111]. Shi et al. focused on baicalin, a specific flavonoid
compound and active ingredient of the Chinese herbal medicine
Scutellaria baicalensis, and its protective effects in a mouse
model of subarachnoid hemorrhage [ 112]. Baicalin treatment was
found to attenuate BBB disruption, which is a critical event that
exacerbates brain edema and secondary brain damage following
hemorrhage. Baicalin exerted its protective effects by modulating
the expression of tight junction proteins and reducing vascular
permeability, thereby preserving the integrity of the BBB.

ICH is a devastating condition that comprises 10—-15% of all
strokes and is associated with high morbidity and mortality [113].
While rutin, a dietary flavonoid, has demonstrated neuroprotective
effects against cerebral ischemic stroke through its antioxidant
and anti-inflammatory properties, its potential efficacy against
ICH stroke remains unexplored [114]. The study highlights rutin’s
ability to alleviate oxidative stress, inhibit inflammatory processes,
and maintain crucial signaling pathways involved in cellular
homeostasis.
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Table 2: Flavonoids and Their Neuropharmacological Activities

Flavonoid Neuropharmacological activity References
Hesperidin Antidepressant [137]
Neuroprotective [138]
Cognitive [139]
Silibinin and Naringenin Neuroprotectants [140]

Antidepressant-like property
[141]
Propolis Antioxidant activity, and positive [142]
neurotrophic modulatory effects
Rutin and Hesperidin Antidepressant [143]
Aurones Antioxidant [144]
Apigenin Neuroprotective effect [145]
Gardenin A Anxiolytic-like effects and Anticonvulsant [146]
actions
Isovitexin Neuroprotective response [147]
vitexin Anticonvulsant effects [148]
Quercetin Anti-neuroinflammation [149]
Regulation of GABAC receptor channel
activity. [150]
Morin Neuroprotective [151]
Epigallocatechin-3-gallate Antialzheimer’s [152]
Antiparkinsonian
Formononetin Neuroprotective [153]
Silymarin Neuroprotection; [154]
Chrysin and wogonin Anxiolytic-like activity [155]
Acacetin CNS depressant activity [156]
Genistein Neuroprotective [157-158]

Nattokinase, daidzein, genistein and glycitin Antialzheimers [159]

Antiplatelet Actions of Flavonoids

Flavonoids have been shown to inhibit thrombus formation, with their efficacy dependent on structural features like the 2,3-double
bond, 4-keto group, and hydroxyl groups at positions 4 and 7. Structural modifications or glycosylation can weaken their antiplatelet
activity. Their mechanism includes temporarily blocking thromboxane A2 receptor activation, enhancing eNOS activity, and
promoting anticoagulant effects through platelet-endothelial cell adhesion molecules. Flavonoids also reduce p-selectin expression and
microparticle release, while tea catechins lower platelet-activating factor production by inhibiting acetyl-CoA-acetyltransferase [115].

Flavonoids and the Blood Brain Barrier (BBB)

Flavonoids’ ability to penetrate the BBB is crucial for their neuroprotective potential. Most flavonoids follow Lipinski’s Rule of 5,
predicting favorable pharmacokinetics. Molecular docking and in silico studies suggest their viability as brain therapeutics. Research
on BBB models, including human and rodent brain endothelial cells, confirms flavonoid uptake. Further studies using ECV304/
C6 cell models indicate that flavonoids can cross the BBB and reach various brain regions, though permeability varies. Naringenin
crosses the BBB more effectively than quercetin, which may interact with p-glycoprotein, a key player in neurodegenerative diseases
like Alzheimer’s and Parkinson’s. Overall, flavonoids exhibit promising BBB penetration, supporting their therapeutic use in brain
disorders [115].

Anxiolytic Effects

Some natural molecules, such as flavonoids, produce anxiolytic-like effects in animal models, comparable to those produced
by diazepam. At preclinical research, the flavonoid chrysin has verified anxiolytic-like effects mediated through the GABAA/
Benzodiazepine receptor complex [116, 117]. However, unlike benzodiazepines, chrysin exert anxiolytic actions without inducing
sedation or muscle relaxation [117].

Toxic Effects of Flavonoids

Consuming flavonoids in excessive quantities may lead to harm rather than providing protection. Most of the past researches have
demonstrated the positive effects of flavonoids on various conditions, including neurodegenerative disorders like Alzheimer’s disease,
Parkinson’s disease, ischemic stroke, and traumatic brain injury. Nevertheless, it is crucial to acknowledge the possible adverse effects
and toxicity linked to their intake. While flavonoids are generally viewed as safe and well-tolerated when obtained from dietary
sources, it is advisable to consult a physician before consumption.
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Emerging evidence highlights potential health risks associated
with excessive flavonoid intake, particularly through supplements,
which may contribute to adverse outcomes in vulnerable groups
like older adults or those taking medications prone to interactions
[118, 119]. Research suggests that high doses of certain flavonoids
could trigger harmful biological processes. For instance, enzymatic
reactions involving peroxidases may convert phenolic compounds
in flavonoids into reactive radicals, which in turn damage cellular
components like lipids, DNA, and antioxidants, generating
oxidative stress [120-121]. These effects may explain why specific
flavonoids, including luteolin, apigenin, quercetin, and genistein,
have raised concerns regarding liver toxicity, hormonal disruption,
and DNA damage in experimental models [122].

Human studies reveal broader systemic impacts, with documented
cases of flavonoid-related harm to organs such as the liver, kidneys,
and gastrointestinal tract [123]. Notably, a Japanese cohort study
identified a dose-dependent correlation between isoflavone intake
(genistein and daidzein) and elevated hepatocellular carcinoma
risk in women [124]. While lab studies often flag quercetin’s
mutagenic potential, animal research has yielded inconsistent
results, underscoring the complexity of translating in vitro
findings to real-world scenarios [125]. Higher flavonoid doses
may paradoxically act as pro-oxidants or interfere with hormone-
regulating enzymes, necessitating deeper investigation into safe
thresholds [124].

Despite widespread availability as supplements, many flavonoid
products lack rigorous safety testing. Unlike pharmaceuticals, these
formulations evade FDA scrutiny, leaving gaps in understanding
their toxicity profiles and drug interaction risks [118]. Reports
of kidney damage linked to quercetin and other flavonoid-rich
botanicals further emphasize the need for standardized clinical
evaluations [126-128]. Current evidence gaps underscore the
urgency of systematic research to balance the therapeutic promise
of flavonoids with their potential hazards, particularly as their
popularity in consumer health products grows.

Limitations for Clinical Use of Flavonoids and Future Solutions
The practical application of flavonoids in medicine,
pharmaceuticals, food, and cosmetics faces two major challenges.
First, their chemical and biophysical limitations-including poor
solubility, instability, low bioavailability, and unpredictable
metabolic behavior during digestion and liver processing—hinder
their effectiveness. Second, production hurdles arise from plants
yielding minimal quantities of these secondary metabolites relative
to overall biomass, compounded by inefficient extraction methods
and difficulties in refining biosynthesis pathways [129].

A critical barrier lies in flavonoids’ limited bioavailability. When
consumed orally, only a fraction is absorbed early in the digestive
tract, while much of the ingested dose interacts with gut microbiota
in the colon. Others undergo significant transformation by liver
enzymes, particularly cytochrome P450, which metabolizes them
into active derivatives [129-132]. Absorption rates vary widely
depending on molecular structure and environmental pH. Once
absorbed, flavonoids are rapidly modified by intestinal and hepatic
processes into conjugated forms like glucuronides, sulfates, or
methylated metabolites.

Notably, smaller hydrophobic flavonoid aglycones enter the liver
via the portal vein, where they undergo Phase I oxidation and
Phase II conjugation reactions. In contrast, bulkier flavonoid
glycosides—more water-soluble but harder to absorb-must
first be broken down by gut bacteria into simpler aglycones or

phenolic acids before entering systemic circulation [130, 131].
These metabolic complexities underscore the need for tailored
formulations to optimize flavonoid delivery and efficacy across
industries.

Emerging research suggests nanotechnology could revolutionize
how we overcome flavonoid-related challenges. By leveraging
nanoscale innovations, scientists aim to enhance the stability,
solubility, and bioavailability of these compounds-key hurdles
limiting their use in drugs, foods, and cosmetics. Nanoparticles’
unique physical traits, such as their minute size and high surface-
to-volume ratio, position them as ideal candidates for optimizing
plant-derived therapeutics. For instance, they could enhance the
potency of plant-derived compounds, boost the production of
secondary metabolites, minimize unwanted side effects, and
improve how efficiently the body absorbs these substances [
133-135].

Current studies focus on biocompatible delivery systems like
liposomes, ethosomes, and solid lipid nanoparticles, alongside
nanostructured carriers, cyclodextrins, and dendrimers-all
engineered for compatibility with biological systems (figure
4). These platforms not only protect flavonoids from premature
degradation but also enable targeted delivery, ensuring active
compounds reach their intended sites more effectively. In
pharmaceutical and agricultural contexts, such advances may
streamline the extraction of high-yield plant metabolites while
reducing reliance on resource-intensive purification methods
[136].

By bridging gaps in flavonoid functionality, nanotechnology
could unlock their full potential, transforming challenges like low
bioavailability and metabolic instability into solvable engineering
problems. This interdisciplinary approach underscores the growing
synergy between material science and natural product research.
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Figure 5: Biocompatible Delivery Systems of Flavonoids to
Improve Bioavailability

Conclusions and Summary

As shown, flavonoids can exert their effects on many different
biological pathways and have a strong therapeutic effect,
mainly in antioxidants. While they are used in many different
disease conditions, they also have shown a robust therapeutic
impact on brain diseases and conditions. For example, when
discussing neuroinflammation, certain flavonoids have shown
that they can readily cross the BBB and modulate and control
ROS levels. Lastly, they are relatively safe for consumption,
as the sources of these flavonoids come from very commonly
consumed food groups. While this information is promising, more
studies regarding pharmacokinetics (absorption, distribution,
metabolism and elimination) must be investigated to elucidate
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the bioavailability in brain regions further. In doing so, analogue
structures of the flavonoid can be synthesized for potential neuro-
therapeutic bioavailability. Currently, some flavonoids are in
clinical phases for drug development; genistein, for example, is
currently in clinical trials and seems to have promising results for
anti-inflammatory diseases such as Alzheimer’s Disease.

Future studies will elucidate the length and degree of flavonoid
therapy and the primary and secondary mechanisms in which they
may be involved. While dietary lifestyle changes may lead to small
changes, isolating the active flavonoid component and developing
a therapy may lead to more drastic and larger-scale modifications
in terms of therapy. Regarding brain injury, flavonoids could
be a safe and productive means of ameliorating the oxidative
stress symptoms associated with brain injury, specifically strokes.
Flavonoids have presented themselves as a strong candidate for
therapies for brain diseases. As clinical trials proceed, the Food
and Drug Administration will examine each one closely for
the potential of new drug development. As the FDA approves
more flavonoids for brain disorders, it is essential to understand
which disorders they can treat and the degree to which they can
help. For example, as stated, flavonoids’ therapeutic and anti-
neuroinflammatory effects are worth investigating for treating
certain diseases such as AD, PD, and strokes.

In conclusion, while flavonoids offer numerous benefits and have
therapeutic potential for various neurological and neurodegenerative
diseases, it is essential to consider their consumption’s potential
adverse effects and toxicity. The review summarized the
significance of the neurologic and neurodegenerative disease, the
lack of specific therapeutic agents, and the use of dietary flavonoids
devoid of side effects when taken in moderate amounts. We also
discussed the neuropharmacology of flavonoids and possible side
effects when taken in higher concentrations. However, further
research is needed to understand better the safety profile and
potential risks of flavonoid intake, particularly at high doses,
long-term use, and in specific populations.

References

1. Slanzi A, Iannoto G, Rossi B, Zenaro E, Constantin G (2020)
In vitro models of neurodegenerative diseases. Front Cell
Dev Biol 8: 328.

2. Angeloni C, Vauzour D (2019) Natural products and
neuroprotection. Int J Mol Sci 20: 5570.

3. Sales TA, Prandi IG, Castro AA, Leal DHS, Cunha EFFD,
et al. (2019) Recent developments in metal-based drugs and
chelating agents for neurodegenerative diseases treatments.
Int J Mol Sci 20: 1829.

4. Rekatsina M, Paladini A, Piroli A, Zis P, Pergolizzi JV, et
al. (2020) Pathophysiology and therapeutic perspectives of
oxidative stress and neurodegenerative diseases: A narrative
review. Adv Ther 37: 113-139.

5. Sairazi MNS, Sirajudeen KNS (2020) Natural products and
their bioactive compounds: Neuroprotective potentials against
neurodegenerative diseases. Evid Based Complement Alternat
Med 2020: 6565396.

6. SharmaR, Joubert J, Malan SF (2018) Synthesis and biological
evaluations of NO-donating oxa- and aza-pentacycloundecane
derivatives as potential neuroprotective candidates. Molecules
23:308.

7. Fukuta T, Oku N, Kogure K (2022) Application and utility of
liposomal neuroprotective agents and biomimetic nanoparticles
for the treatment of ischemic stroke. Pharmaceutics 14: 361.

8. Patwardhan B, Bodeker G (2008) Ayurvedic genomics:

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Establishing a genetic basis for mind-body typologies. J
Altern Complement Med 14: 571-576.

Rao RV, Descamps O, John V, Bredesen DE (2012) Ayurvedic
medicinal plants for Alzheimer’s disease: A review.
Alzheimers Res Ther 4: 22.

Parasuraman S, Thing GS, Dhanaraj SA (2014) Polyherbal
formulation: Concept of Ayurveda. Pharmacogn Rev 8: 73-80.
Barkat MA, Goyal A, Barkat HA, Salauddin M, Pottoo FH, et
al. (2021) Herbal medicine: Clinical perspective & regulatory
status. Comb Chem High Throughput Screen 24: 1573-1582.
Yarnell KA (2004) Alzheimer’s disease-Part 2-A botanical
treatment plan. Altern Complement Ther 10: 67-72.
Havsteen BH (2002) The biochemistry and medical
significance of the flavonoids. Pharmacol Ther 96: 67-202.
Rice-Evans CA, Packer L (2003) Flavonoids in Health
and Disease. Boca Raton, FL: CRC Press. https://doi.
0rg/10.1201/9780367803681.

Ayaz M, Sadiq A, Junaid M, Ullah F, Ovais M, et al. (2019)
Flavonoids as prospective neuroprotectants and their
therapeutic propensity in aging-associated neurological
disorders. Front Aging Neurosci 11: 155.

Yevchak AM, Loeb SJ, Fick DM (2008) Promoting cognitive
health and vitality: A review of clinical implications. Geriatr
Nurs 29: 302-310.

Mastroiacovo D, Kwik Uribe C, Grassi D, Necozione
S, Raffaele A, et al. (2014) Cocoa flavanol consumption
improves cognitive function, blood pressure control, and
metabolic profile in elderly subjects: The Cocoa, Cognition,
and Aging (CoCoA) Study-a randomized controlled trial. Am
J Clin Nutr 101: 538-548.

Schroeter H, Boyd C, Spencer JP, Williams RJ, Cadenas E, et
al. (2002) MAPK signaling in neurodegeneration: Influences
of flavonoids and of nitric oxide. Neurobiol Aging 23: 861-
880.

Vauzour D, Vafeiadou K, Rice Evans C, Williams RJ, Spencer
JP (2007) Activation of pro-survival Akt and ERK 1/2 signaling
pathways underlie the anti-apoptotic effects of flavanones in
cortical neurons. J Neurochem 103: 1355-1367.

Spencer JP (2008) Flavonoids: Modulators of brain function?
Br J Nutr 99: ES60-ES77.

Spencer JPE (2009) Flavonoids and brain health: Multiple
effects underpinned by common mechanisms. Genes Nutr
4: 243-250.

Spencer JPE, Vauzour D, Rendeiro C (2009) Flavonoids
and cognition: The molecular mechanisms underlying their
behavioral effects. Arch Biochem Biophys 492: 1-9.
Williams RJ, Spencer JP (2012) Flavonoids, cognition, and
dementia: Actions, mechanisms and potential therapeutic
utility for Alzheimer disease. Free Radic Biol Med 52: 35-45.
Saini N, Gahlawat SK, Lather V (2017) Flavonoids: A
nutraceutical and its role as anti-inflammatory and anticancer
agent. Plant Biotechnol Recent Adv Dev 2017: 255-270.
Samec D, Karalija E, Sola I, Vujci¢ Bok V, Salopek Sondi
B (2021) The role of polyphenols in abiotic stress response:
The influence of molecular structure. Plants 10: 118.
Panche AN, Diwan AD, Chandra SR (2016) Flavonoids: an
overview. J Nutr Sci 5: e47.

Butnariu M (2023) Plant genome engineering for improved
flavonoid production. Plants Bioreactors Ind Mol Chapter
8: 215-240.

Shah FLA, Ramzi AB, Baharum SN, Noor NM, Goh HH,
et al. (2019) Recent advancement of engineering microbial
hosts for the biotechnological production of flavonoids. Mol
Biol Rep 46: 6647-6659.

J Pharma Res Rep, 2025

Volume 6(3): 8-12



Citation: Wafa Mohammed Ali, Fathimathul Hisana Vattamkadathil, Fathima Hiba Kadambott, Fathima Wafa Thalappil, Rashid Kootamkodan et al. (2025) “Flavonoids
and Brain Health: Chemical insights into Neurotherapeutic Benefits” Journal of Pharmaceutical Research and Reports. SRC/JPRSR-198.
DO doi.org/10.47363/JPRSR/2025(6)174

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Hussain T, Tan B, Murtaza G, Liu G, Rahu N, et al. (2020)
Flavonoids and type 2 diabetes: Evidence of efficacy in
clinical and animal studies and delivery strategies to enhance
their therapeutic efficacy. Pharmacol Res 152: 104629.
Dixon RA, Achnine L, Kota P, Liu CJ, Reddy MS, et al.
(2002) The phenylpropanoid pathway and plant defence-a
genomics perspective. Mol Plant Pathol 3: 371-390.
Zakaryan H, Arabyan E, Oo A, Zandi K (2017) Flavonoids:
promising natural compounds against viral infections. Arch
Virol 162: 2539-2551.

YanJ,YuL, XuS, GuW, Zhu W (2014) Apigenin accumulation
and expression analysis of apigenin biosynthesis relative
genes in celery. Sci Hortic (Amsterdam) 165: 218-224.
Meyer H, Bolarinwa A, Wolfram G, Linseisen J (2006)
Bioavailability of apigenin from apiin-rich parsley in humans.
Ann Nutr Metab 50: 167-172.

Luca SV, Macovei I, Bujor A, Miron A, Skalicka Wozniak
K, et al. Bioactivity of dietary polyphenols: The role of
metabolites. Crit Rev Food Sci Nutr 60: 626-659.

Hostetler GL, Ralston RA, Schwartz SJ (2017) Flavones:
Food sources, bioavailability, metabolism, and bioactivity.
Adv Nutr 8: 423-435.

Berim A, Gang DR (2016) Methoxylated flavones:
Occurrence, importance, biosynthesis. Phytochem Rev 15:
363-390.

Bose S, Sarkar D, Bose A, Mandal SC (2018) Natural
flavonoids and their pharmaceutical importance. Pharma
Rev 94: 61-75.

Khan J, Deb PK, Priya S, Medina KD, Devi R, et al.
(2021) Dietary flavonoids: Cardioprotective potential with
antioxidant effects and their pharmacokinetic, toxicological,
and therapeutic concerns. Molecules 26: 4021.

Khalid M, Bilal M, Huang DF (2019) Role of flavonoids in
plant interactions with the environment and against human
pathogens-A review. J Integr Agric 18: 211-230.

Khoo BY, Chua SL, Balaram P (2010) Apoptotic effects of
chrysin in human cancer cell lines. Int J Mol Sci 11: 2188-
2199.

Seruga M, Tomac I (2017) Influence of chemical structure
of some flavonols on their electrochemical behavior. Int J
Electrochem Sci 12: 7616-7637.

Rocio de la Iglesia, Fermin I Milagro, Javier Campion, Noemi
Boqué, J Alfredo Martinez (2010) Healthy properties of
proanthocyanidins. Biofactors 36: 159-168.

Gonzalez-de Peredo AV, Vazquez Espinosa M, Espada Bellido
E, Ceferino Carrera, Marta Ferreiro Gonzalez, et al. (2021)
Flavonol composition and antioxidant activity of onions
(Allium cepa L.) based on the development of new analytical
ultrasound-assisted extraction methods. Antioxidants (Basel)
10: 273.

Fiol M, Adermann S, Neugart S (2012) Highly glycosylated
and acylated flavonols isolated from kale (Brassica oleracea
var. sabellica)-Structure-antioxidant activity relationship.
Food Res Int 47: 80-89.

Stewart AJ, Bozonnet S, Mullen W (2000) Occurrence of
flavonols in tomatoes and tomato-based products. J Agric
Food Chem 48: 2663-2669.

Sekhon-Loodu S, Catalli A, Kulka M (2014) Apple flavonols
and n-3 polyunsaturated fatty acid—rich fish oil lowers blood
C-reactive protein in rats with hypercholesterolemia and acute
inflammation. Nutr Res 34: 535-543.

Flamini R, Mattivi F, De Rosso M (2013) Advanced
knowledge of three important classes of grape phenolics:
Anthocyanins, stilbenes, and flavonols. Int J Mol Sci 14:

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

19651-19669.

Larmo PS, Yang B, Hurme SA (2009) Effect of a low dose
of sea buckthorn berries on circulating concentrations of
cholesterol, triacylglycerols, and flavonols in healthy adults.
Eur J Nutr 48: 277-282.

Xie L, Guo Y, Ren C (2022) Unravelling the consecutive
glycosylation and methylation of flavonols in peach in
response to UV-B irradiation. Plant Cell Environ 45: 2158-
2175.

Rauter AP, Ennis M, Hellwich KH (2018) Nomenclature
of flavonoids (IUPAC Recommendations 2017). Pure Appl
Chem 90: 1429-1486.

Colombo PS, Flamini G, Christodoulou MS (2014) Farinose
alpine Primula species: Phytochemical and morphological
investigations. Phytochemistry 98: 151-159.

Koztowska A, Szostak Wegierek D (2017) Flavonoids—food
sources, health benefits, and mechanisms involved. Bioactive
Molecules in Food. Reference Series in Phytochemistry. 2017.
Barreca D, Trombetta D, Smeriglio A (2021) Food
flavonols: Nutraceuticals with complex health benefits and
functionalities. Trends Food Sci Technol 117: 194-204.
Pereira AM, Cidade H, Tiritan ME (2023) Stereoselective
synthesis of flavonoids: A brief overview. Molecules 28: 426.
Cetinkaya S, Akca KT, Siintar I (2022) Flavonoids and
anticancer activity: Structure—activity relationship. Stud Nat
Prod Chem 74: 81-115.

Peterson JJ, Dwyer JT, Beecher GR (2006) Flavanones in
oranges, tangerines (mandarins), tangors, and tangelos:
A compilation and review of the data from the analytical
literature. J Food Compos Anal 19: S66-S73.

Vandercook CE, Stephenson RG (1966) Lemon juice
composition: Identification of major phenolic compounds
and estimation by paper chromatography. J Agric Food Chem
14: 450-454.

Wang Y, Liu XJ, Chen JB (2022) Citrus flavonoids and their
antioxidant evaluation. Crit Rev Food Sci Nutr 62: 3833-3854.
Najmanova I, Voprsalova M, Saso L, Mladénka P (2020) The
pharmacokinetics of flavanones. Crit Rev Food Sci Nutr 60:
3155-3171.

Abad-Garcia B, Garmon Lobato S, Berrueta LA (2012) Online
characterization of 58 phenolic compounds in citrus fruit
juices from Spanish cultivars by high-performance liquid
chromatography with photodiode-array detection coupled to
electrospray ionization triple quadrupole mass spectrometry.
Talanta 99: 213-224.

Patra S, Nayak R, Patro S (2021) Chemical diversity of
dietary phytochemicals and their mode of chemoprevention.
Biotechnol Rep (Amst) 30: ¢00633.

Alam MA, Subhan N, Rahman MM (2014) Effect of citrus
flavonoids, naringin and naringenin, on metabolic syndrome
and their mechanisms of action. Adv Nutr 5: 404-417.
Seyedrezazadeh E, Kolahian S, Shahbazfar AA (2015) Effects
of the flavanone combination hesperetin-naringenin, and
orange and grapefruit juices, on airway inflammation and
remodeling in a murine asthma model. Phytother Res 29:
591-598.

LiuY, QianJ, LiJ (2022) Hydroxylation decoration patterns
of flavonoids in horticultural crops: Chemistry, bioactivity,
and biosynthesis. Hortic Res 9: uhab068.

Chu S, Wang J, Zhu Y (2017) An R2R3-type MYB
transcription factor, GmMYB29, regulates isoflavone
biosynthesis in soybean. PLoS Genet 13: e1006770.

. Shah A, Smith DL (2020) Flavonoids in agriculture: Chemistry

and roles in biotic and abiotic stress responses, and microbial

J Pharma Res Rep, 2025

Volume 6(3): 9-12



Citation: Wafa Mohammed Ali, Fathimathul Hisana Vattamkadathil, Fathima Hiba Kadambott, Fathima Wafa Thalappil, Rashid Kootamkodan et al. (2025) “Flavonoids
and Brain Health: Chemical insights into Neurotherapeutic Benefits” Journal of Pharmaceutical Research and Reports. SRC/JPRSR-198.
DO doi.org/10.47363/JPRSR/2025(6)174

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

associations. Agronomy 10: 1209.

Kopec¢na Zapletalova M, Krasulova K, Anzenbacher P (2017)
Interaction of isoflavonoids with human liver microsomal
cytochromes P450: Inhibition of CYP enzyme activities.
Xenobiotica 47: 324-331.

Hummelova J, Rondevaldova J, Balastikova A (2015) The
relationship between structure and in vitro antibacterial
activity of selected isoflavones and their metabolites with
special focus on antistaphylococcal effect of demethyltexasin.
Lett Appl Microbiol 60: 242-247.

Lim YJ, Jeong HY, Gil CS (2020) Isoflavone accumulation
and the metabolic gene expression in response to persistent
UV-B irradiation in soybean sprouts. Food Chem 303: 125376.
Hamayun M, Hussain A, Khan SA (2015) Kinetin modulates
physio-hormonal attributes and isoflavone contents of soybean
grown under salinity stress. Front Plant Sci 6: 377.

Meng N, Yu BJ, Guo JS (2016) Ameliorative effects of
inoculation with Bradyrhizobium japonicum on Glycine max
and Glycine soja seedlings under salt stress. Plant Growth
Regul 80: 137-147.

Papuc C, Goran GV, Predescu CN (2017) Plant polyphenols
as antioxidant and antibacterial agents for shelf-life extension
of meat and meat products: Classification, structures, sources,
and action mechanisms. Compr Rev Food Sci Food Saf 16:
1243-1268.

Mori Yasumoto K, Hashimoto Y, Agatsuma Y (2021)
Leishmanicidal phenolic compounds derived from Dalbergia
cultrate. Nat Prod Res 35: 4907-4915.

Yin X, Huang A, Zhang S (2018) Identification of three
Dalbergia species based on differences in extractive
components. Molecules 23: 2163.

LouH, HuL, LuH (2021) Metabolic engineering of microbial
cell factories for biosynthesis of flavonoids: A review.
Molecules 26: 4522.

Aron PM, Kennedy JA (2008) Flavan-3-ols: Nature,
occurrence, and biological activity. Mol Nutr Food Res 52:
79-104.

Yao LH, Jiang YM, Shi J (2004) Flavonoids in food and their
health benefits. Plant Foods Hum Nutr 59: 113-122.

Dutta MS, Mahapatra P, Ghosh A, Basu S (2022) Estimation
of the reducing power and electrochemical behavior of few
flavonoids and polyhydroxybenzophenones substantiated
by bond dissociation energy: A comparative analysis. Mol
Divers 1-3.

Krysa M, Szymanska Chargot M, Zdunek A (2022) FT-IR
and FT-Raman fingerprints of flavonoids—A review. Food
Chem 393: 133430.

Pico J, Xu K, Guo M (2019) Manufacturing the ultimate green
banana flour: Impact of drying and extrusion on phenolic
profile and starch bioaccessibility. Food Chem 297: 124990.
Zhang T, Wei X, Miao Z (2016) Screening for antioxidant and
antibacterial activities of phenolics from Golden Delicious
apple pomace. Chem Cent J 10: 1-9.

Pal DI, Verma PR (2013) Flavonoids: A powerful and
abundant source of antioxidants. Int J Pharm Pharm Sci 5:
95-98.

Ding T, Cao K, Fang W (2020) Evaluation of phenolic
components (anthocyanins, flavanols, phenolic acids, and
flavonols) and their antioxidant properties of peach fruits.
Sci Hortic (Amsterdam) 268: 109365.

Awad MA, Hadi FH (2019) Effect of aqueous extract of green
tea on gene expression of CYP17, CYP11A, LH beta subunit,
and LHr genes in male Wistar rats exposed to oxidative stress
by streptozotocin. J] Madenat Alelem Univ Coll 11: 6-15.

85. Kumar S, Pandey AK (2013) Chemistry and biological
activities of flavonoids: An overview. Sci World J 2013:
162750.

86. Bartwal A, Mall R, Lohani P, Guru SK, Arora S (2013) Role
of secondary metabolites and brassinosteroids in plant defense
against environmental stresses. J Plant Growth Regul 32:
216-232.

87. Yang S, Mi L, Wu J (2023) Strategy for anthocyanins
production: From efficient green extraction to novel microbial
biosynthesis. Crit Rev Food Sci Nutr 63: 9409-9424.

88. Chen BH, Inbaraj BS. Nanoemulsion and nanoliposome-
based strategies for improving anthocyanin stability and
bioavailability. Nutrients. 2019;11(5):1052.

89. Qaisar U, Afzal M, Tayyeb A (2019) Commercial application
of plant pigments. Int J Biotech Trends Technol 9: 18.

90. Fang J (2015) Classification of fruits based on anthocyanin
types and relevance to their health effects. Nutr 31: 1301-
1306.

91. Veberic R, Slatnar A, Bizjak J (2015) Anthocyanin composition
of different wild and cultivated berry species. LWT Food Sci
Technol 60: 509-517.

92. Khoo HE, Azlan A, Tang ST, Lim SM (2017) Anthocyanidins
and anthocyanins: Colored pigments as food, pharmaceutical
ingredients, and the potential health benefits. Food Nutr Res.

93. Mikulic Petkovsek M, Slatnar A, Schmitzer V (2013)
Chemical profile of black currant fruit modified by different
degrees of infection with black currant leaf spot. Sci Hortic
(Amsterdam)150: 399-409.

94. Chaves-Silva S, Dos Santos AL, Chalfun-Junior A (2018)
Understanding the genetic regulation of anthocyanin
biosynthesis in plants-Tools for breeding purple varieties of
fruits and vegetables. Phytochemistry 153: 11-27.

95. Badhani A, Rawat S, Bhatt ID, Rawal RS (2015) Variation
in chemical constituents and antioxidant activity in Yellow
Himalayan (Rubus ellipticus Smith) and Hill Raspberry
(Rubus niveus Thunb.). J Food Biochem 39: 663-672.

96. Kim AN, Lee KY, Jeong EJ (2021) Effect of vacuum grinding
on the stability of anthocyanins, ascorbic acid, and oxidative
enzyme activity of strawberry. LWT 136: 110304.

97. Dias MC, Pinto DC, Silva AM (2021) Plant flavonoids:
Chemical characteristics and biological activity. Molecules
26: 5377.

98. Tariq H, Asif S, Andleeb A (2023) Flavonoid production:
Current trends in plant metabolic engineering and de novo
microbial production. Metabolites 13: 124.

99. Kwon HS, Koh SH (2020) Neuroinflammation in
neurodegenerative disorders: The roles of microglia and
astrocytes. Transl Neurodegener 9: 42.

100.Vifa J, Escudero J, Baquero M (2022) Genistein effect on
cognition in prodromal Alzheimer’s disease patients. The
GENIAL clinical trial. Alzheimers Res Ther 14: 164.

101.Rosli H, Shahar S, Rajab NF (2022) The effects of
polyphenols-rich tropical fruit juice on cognitive function
and metabolomics profile-A randomized controlled trial in
middle-aged women. Nutr Neurosci 25: 1577-1593.

102.Yoon JH, Baek SJ (2005) Molecular targets of dietary
polyphenols with anti-inflammatory properties. Yonsei Med
J 46: 585-596.

103.Welton AF, Tobias LD, Fiedler Nagy C (1986) Effect of
flavonoids on arachidonic acid metabolism. In: Cody V,
Middleton E, Harborne JB, eds. Plant Flavonoids in Biology
and Medicine. New York, NY: Alan R. Liss 231-242.

104.Noreen Y, Serrano G, Perera P (1998) Flavan-3-ols isolated
from some medicinal plants inhibiting COX-1 and COX-2

J Pharma Res Rep, 2025

Volume 6(3): 10-12



Citation: Wafa Mohammed Ali, Fathimathul Hisana Vattamkadathil, Fathima Hiba Kadambott, Fathima Wafa Thalappil, Rashid Kootamkodan et al. (2025) “Flavonoids
and Brain Health: Chemical insights into Neurotherapeutic Benefits” Journal of Pharmaceutical Research and Reports. SRC/JPRSR-198.

DOI: doi.org/10.47363/JPRSR/2025(6)174

catalyzed prostaglandin biosynthesis. Planta Med 64: 520-
524.

105.Santangelo C, Vari R, Scazzocchio B (2007) Polyphenols,
intracellular signaling, and inflammation. Ann Ist Super Sanita
43: 394-405.

106.Bode AM, Dong Z (2004) Targeting signal transduction
pathways by chemopreventive agents. Mutat Res 555: 33-51.

107.Santos BL, Oliveira MN, Coelho PLC (2015) Flavonoids
suppress human glioblastoma cell growth by inhibiting cell
metabolism, migration, and by regulating extracellular matrix
proteins and metalloproteinase expression. Chem Biol Interact
242:123-138.

108.He FJ, Nowson CA, MacGregor GA (2006) Fruit and
vegetable consumption and stroke: Meta-analysis of cohort
studies. Lancet 367: 320-326.

109.Shen X, Liu Y, Luo X, Yang Z (2019) Advances in biosynthesis,
pharmacology, and pharmacokinetics of pinocembrin, a
promising natural small-molecule drug. Molecules 24: 2323.

110.Radak D, Katsiki N, Resanovic I (2017) Apoptosis and acute
brain ischemia in ischemic stroke. Curr Vasc Pharmacol 15:
115-122.

111.Unnithan AKA, Das JM, Mehta P (2023) Hemorrhagic
stroke. In: StatPearls [Internet]. Treasure Island, FL:
StatPearls Publishing https://www.ncbi.nlm.nih.gov/books/
NBKS559173/.

112.Zhao Q, Chen XY, Martin C (2016) Scutellaria baicalensis,
the golden herb from the garden of Chinese medicinal plants.
Sci Bull 61: 1391-1398.

113.Ziai WC, Carhuapoma JR (2018) Intracerebral hemorrhage.
Continuum (Minneap Minn 24: 1603-1622.

114. Ganeshpurkar A, Saluja AK (2017) The pharmacological
potential of rutin. Saudi Pharm J 25: 149-164.

115.Hasan S, Khatri N, Rahman ZN (2023) Neuroprotective
potential of flavonoids in brain disorders. Brain Sci 13: 1258.

116.Flores Aguilar LA, Cueto Escobedo J, Puga Olguin A (2023)
Behavioral despair is blocked by the flavonoid chrysin
(5,7-dihydroxyflavone) in a rat model of surgical menopause.
Molecules 28: 587.

117.Salgueiro JB, Ardenghi P, Dias M (1997) Anxiolytic natural
and synthetic flavonoid ligands of the central benzodiazepine
receptor have no effect on memory tasks in rats. Pharmacol
Biochem Behav 58: 887-891.

118.Galati G, O’Brien PJ (2004) Potential toxicity of flavonoids
and other dietary phenolics: Significance for their
chemopreventive and anticancer properties. Free Radic Biol
Med 37: 287-303.

119.Morris ME, Zhang S (2006) Flavonoid—drug interactions:
Effects of flavonoids on ABC transporters. Life Sci 78: 2116-
2130.

120.Speisky H, Shahidi F, Costa de Camargo A, Fuentes J (2022)
Revisiting the oxidation of flavonoids: Loss, conservation,
or enhancement of their antioxidant properties. Antioxidants
(Basel) 11: 133.

121.Galati G, Moridani MY, Chan TS, O’Brien PJ (2001)
Peroxidative metabolism of apigenin and naringenin versus
luteolin and quercetin: Glutathione oxidation and conjugation.
Free Radic Biol Med 30: 370-382.

122.Zhang X, Wu C (2022) In silico, in vitro, and in vivo
evaluation of the developmental toxicity, estrogenic activity,
and mutagenicity of four natural phenolic flavonoids at low
exposure levels. ACS Omega 7: 4757-4768.

123.Davies NM, Yanez JA (2013) Flavonoid Pharmacokinetics:
Methods of Analysis, Pre-Clinical and Clinical
Pharmacokinetics, Safety, and Toxicology. Hoboken,

NJ: Wiley https://onesearch.nihlibrary.ors.nih.gov/
discovery/fulldisplay?docid=alma991001219754204686
&context=L&vid=01NIH_INST:NIH&lang=en&search
scope=NIHAll&adaptor=Local%20Search%20Engine&ta
b=NIHCampus&query=sub,exact,%20Pharmacokinetics,A
ND&mode=advanced&offset=20.

124.Skibola CF, Smith MT (2000) Potential health impacts of
excessive flavonoid intake. Free Radic Biol Med 29: 375-383.

125.Kurahashi N, Inoue M, Iwasaki M (2009) Isoflavone
consumption and subsequent risk of hepatocellular carcinoma
in a population-based prospective cohort of Japanese men
and women. Int J Cancer 124: 1644-1649.

126.Ferry DR, Smith A, Malkhandi J (1996) Phase I clinical trial
of the flavonoid quercetin: Pharmacokinetics and evidence for
in vivo tyrosine kinase inhibition. Clin Cancer Res 2: 659-668.

127.Lin JL, Ho YS (1994) Flavonoid-induced acute nephropathy.
Am J Kidney Dis 23: 433-440.

128.Mulholland PJ, Ferry DR, Anderson D (2001) Pre-clinical
and clinical study of QC12, a water-soluble, pro-drug of
quercetin. Ann Oncol 12: 245-248.

129.Sajid M, Channakesavula CN, Stone SR, Kaur P
(2021) Synthetic biology towards improved flavonoid
pharmacokinetics. Biomolecules 11: 754.

130.Hollman PCH (2004) Absorption, bioavailability, and
metabolism of flavonoids. Pharm Biol 42: 74-83.

131.Chen L, Cao H, Huang Q, Xiao J, Teng H (2022) Absorption,
metabolism, and bioavailability of flavonoids: A review. Crit
Rev Food Sci Nutr 62: 7730-7742.

132.Cassidy A, Minihane AM (2017) The role of metabolism (and
the microbiome) in defining the clinical efficacy of dietary
flavonoids. Am J Clin Nutr 105: 10-22.

133.Dobrzynska M, Napierala M, Florek E (2020) Flavonoid
nanoparticles: A promising approach for cancer therapy.
Biomolecules 10: 1268.

134.Maity S, Acharyya A, Sankar Chakraborti A (2022) Flavonoid-
based polymeric nanoparticles: A promising approach for
cancer and diabetes treatment. Eur Polym J 177: 111455.

135.Ranjbar S, Emamjomeh A, Sharifi F (2023) Lipid-based
delivery systems for flavonoids and flavonolignans:
Liposomes, nanoemulsions, and solid lipid nanoparticles.
Pharmaceutics 15: 1944.

136.Liga S, Paul C, Péter F. Flavonoids: Overview of biosynthesis,
biological activity, and current extraction techniques. Plants
(Basel) 12: 2732.

137.Roohbakhsh A, Parhiz H, Soltani F (2014)
Neuropharmacological properties and pharmacokinetics of
the citrus flavonoids hesperidin and hesperetin—A mini-
review. Life Sci 113: 1-2.

138.Joshi S, Dhingra AK, Chopra B (2022) Therapeutic potential
and clinical evidence of hesperidin as a neuroprotective agent.
Cent Nerv Syst Agents Med Chem 22: 5-14.

139.Behera A, Satpathy B, Sahoo RK, Sahu PK (2024)
Amelioration of cognition by hesperidin-conjugated cobalt
oxide nanoparticles. Sci Rep 14: 30748.

140.Thayumanavan G, Jeyabalan S, Fuloria S (2022) Silibinin
and naringenin against bisphenol A-induced neurotoxicity in
zebrafish model—Potential flavonoid molecules for new drug
design, development, and therapy for neurological disorders.
Molecules 27: 2572.

141.Yi LT, Li CF, Zhan X (2010) Involvement of monoaminergic
system in the antidepressant-like effect of the flavonoid
naringenin in mice. Prog Neuropsychopharmacol Biol
Psychiatry 34: 1223-1228.

142.Menezes da Silveira CCS, Luz DA, da Silva CCS (2021)

J Pharma Res Rep, 2025

Volume 6(3): 11-12



Citation: Wafa Mohammed Ali, Fathimathul Hisana Vattamkadathil, Fathima Hiba Kadambott, Fathima Wafa Thalappil, Rashid Kootamkodan et al. (2025) “Flavonoids
and Brain Health: Chemical insights into Neurotherapeutic Benefits” Journal of Pharmaceutical Research and Reports. SRC/JPRSR-198.

DOI: doi.org/10.47363/JPRSR/2025(6)174

Propolis: A useful agent on psychiatric and neurological
disorders? A focus on CAPE and pinocembrin components.
Med Res Rev 41: 1195-1215.

143.Du B, Tang X, Liu F ( 2014)Antidepressant-like effects of
the hydroalcoholic extracts of Hemerocallis citrina and its
potential active components. BMC Complement Altern Med
14: 326.

144.Sui G, Li T, Zhang B (2021) Recent advances on synthesis
and biological activities of aurones. Bioorg Med Chem 29:
11589s.

145.0lasehinde TA, Olaokun OO (2024) Apigenin and inflammation
in the brain: Can apigenin inhibit neuroinflammation in
preclinical models? Inflammopharmacology 32: 3099-3108.

146.Alonso Castro AJ, Gasca Martinez D, Cortez Mendoza LV
(2020) Evaluation of the neuropharmacological effects of
Gardenin A in mice. Drug Dev Res 81: 600-608.

147.Dos Santos KC, Borges TV, Olescowicz G (2016) Passiflora
actinia hydroalcoholic extract and its major constituent,
isovitexin, are neuroprotective against glutamate-induced
cell damage in mice hippocampal slices. J Pharm Pharmacol
68: 282-291.

148.Abbasi E, Nassiri Asl M, Shafeei M, Sheikhi M (2012)
Neuroprotective effects of vitexin, a flavonoid, on
pentylenetetrazole-induced seizure in rats. Chem Biol Drug
Des 80: 274-278.

149.Agrawal K, Chakraborty P, Dewanjee S (2023)
Neuropharmacological interventions of quercetin and its
derivatives in neurological and psychological disorders.
Neurosci Biobehav Rev 144: 104955.

150.Kim HJ, Lee BH, Choi SH (2015) Differential effects of
quercetin glycosides on GABAC receptor channel activity.
Arch Pharm Res 38: 108-114.

151.Ugwor EI, Dosumu OA, Eteng OE (2022) Morin attenuates
neurobehavioural deficits, hippocampal oxidative stress,
inflammation, and apoptosis in rats co-exposed to bisphenol

S and diethyl phthalate. Brain Res 1794: 148068.

152.Weinreb O, Amit T, Mandel S, Youdim MB
(2009) Neuroprotective molecular mechanisms of
(-)-epigallocatechin-3-gallate: A reflective outcome of its
antioxidant, iron chelating, and neuritogenic properties. Genes
Nutr 4: 283-296.

153.Tian J, Wang XQ, Tian Z (2022) Focusing on formononetin:
Recent perspectives for its neuroprotective potentials. Front
Pharmacol 13: 905898.

154. Aliaghaei A, Meftahi GH (2024) Silymarin ameliorates motor
function and averts neuroinflammation-induced cell death in
the rat model of Huntington’s disease. Brain Res Bull 216:
111039.

155.Coleta M, Campos MG, Cotrim MD, Lima TC, Cunha AP
(2008) Assessment of luteolin (3°,4°,5,7-tetrahydroxyflavone)
neuropharmacological activity. Behav Brain Res 189: 75-82.

156.Martinez Vazquez M, Estrada Reyes R, Martinez Laurrabaquio
A (2012) Neuropharmacological study of Dracocephalum
moldavica L. (Lamiaceae) in mice: Sedative effect and
chemical analysis of an aqueous extract. J Ethnopharmacol
141: 908-917.

157.Islam A, Islam MS, Uddin MN (2020) The potential health
benefits of the isoflavone glycoside genistin. Arch Pharm
Res 43:395-408.

158.Dash UC, Swain SK, Kanhar S (2022) The modulatory role of
prime identified compounds in Geophila repens in mitigating
scopolamine-induced neurotoxicity in experimental rats
of Alzheimer’s disease via attenuation of cholinesterase,
B-secretase, MAPt levels, and inhibition of oxidative stress
imparts inflammation. J Ethnopharmacol 282: 114637.

159.Bhatt PC, Pathak S, Kumar V, Panda BP (2018) Attenuation
of neurobehavioral and neurochemical abnormalities in an
animal model of cognitive deficits of Alzheimer’s disease by
fermented soybean nanonutraceutical. Inflammopharmacology
26: 105-118.

Copyright: ©2025 Rashid Kootamkodan, et al. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

J Pharma Res Rep, 2025

Volume 6(3): 12-12



