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Insights into the neuroprotective properties of Biochanin-A
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ABSTRACT

The global morbidity and mortality caused by neurological disorders are significant. Neurodegenerative disorders
are anticipated to rise as the population ages because they typically manifest in mid-to-late life. The World Health
Organization predicts that by 2050 two billion individuals would be 60 or older. So there is an emerging need for
neuroprotective agents derived from natural sources with favorable efficacy and high safety profile. One of these
natural agents is biochanin A(BIO-A), an isoflavone belonging to phytoestrogens, mainly found in red clover, soy,
and chickpea, commercially available tablets. It has a wide range of pharmacological effects, such as antioxidant,
anti-inflammatory, anti-apoptotic, antimicrobial, Estrogen-like, glucose and lipid metabolism modulatory, anti-
cancer, and neuroprotective effects. BIO-A was proven to be promising when investigated in multiple models of
neurological diseases such as Alzheimer’s disease and Parkinson’s disease, multiple sclerosis, stroke, brain injury,
depression, anxiety, and glioblastoma. This review focuses on the possible molecular mechanisms responsible for
the neuroprotective effects of BIO-A in various neurological disorders.
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and 320,043 in women, and 8.2 million years
lived with disability (YLDs), 3.1 million Years of
life lost ( YLLSs) in men, and 5.1 million YLLs in
women. Alzheimer's disease (AD), Parkinson's
disease (PD), multiple sclerosis (MS), brain

1. INTRODUCTION

Worldwide, neurological diseases are the
second major cause of death and the main cause
of disability. The increased occurrence of
neurological disorders has adversely affected . L

g ) ] ] y- o tumor, stroke, and traumatic brain injury (TBI)
people's quality of life, causing a significant .
) ] ) are the most prevalent neurodegenerative
impact on society and the economy with a
growing burden of death and disability. In 2019,
region-wide in USA, neurological disorders

accounted for 533,172 deaths, 213,129 in men,

diseases accounting for significant disability
worldwide [1, 2]. Because of the increased
prevalence  of injury-related and  non-
communicable neurological diseases, research
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has concentrated on the design of appropriate
treatment plans [3]. The majority of the currently
available pharmacotherapeutic approaches just
alleviate the symptoms. Furthermore, drugs’ side
effects often deteriorate the quality of life of
patients. Thus, the bulk of research in the last
decade has focuses on identifying appropriate
substitutes with higher safety. On this point,
research concentrate on medicinal plants with
broad pharmacological activities and favorable
safety profile [3, 4]. Of these safe classes of
compounds are the Phytoestrogens which are
polyphenolic and non-steroid compounds that are
naturally present in a huge number of plants.
Phytoestrogens have structural and biological
functions similar to the female sex hormone 17-
B-estradiol as they bind to the estrogen receptors
and function as agonists or antagonists.
Phytoestrogens are used usually for reducing
symptoms of menopause such as hot flush and
osteoporosis. Also, they are used in lowering the
diseases, obesity,
metabolic disorders, diabetes, and various types
of cancer. Phytoestrogen has also shown

risk of cardiovascular

neuroprotective effect on various neurological
diseases may be due to structural similarity with
estrogen which plays an important role in brain
health and aging process [5, 6]. Estrogen receptor
activation in brain areas affects the levels of
neurotransmitters and cognitive functions [6].

One of these phytoestrogens is biochanin
A(BIO-A),(5,7-dihydroxy-4’-methoxy

isoflavone), which is found in red clover,
soy, and cabbage [7]. BIO-A exists as an aglycon
and exerts various biological activities by binding
DNA and some proteins or as a competitive

substrate to enzymes [8]. BIO-A is metabolized
to the isoflavone genistein which has also several
important biological activities [9, 10]. BIO-A
was found included in many commercial
supplements that contain isoflavones [11]. These
supplements are available as a tablet usually used
to relieve menopause manifestations. However,
BIO-A has poor water solubility and low
bioavailability. Several studies act on improving
that either by using liposomes or nanoparticles

[8].

Pharmacological and biological activities of
BIO-A are well-documented as anticancer [12],
anti-inflammatory [13], antioxidant [14], anti-
microbial [15], hepatoprotective [16],
neuroprotective [17], anti-diabetic [18], anti-
hypertensive [19] and anti-hyperlipidemic [20].
BIO-A also was reported to be useful in the
prevention of bone loss in postmenopausal
women [21], and to have a gastroprotective effect
[22]. BIO-A can be used as a pain killer as it
inhibits fatty acid amide hydrolase [23]. BIO-A
may act as a skin whitening agent [24]. BIO-A
also acts as a selective Estrogen receptor
modulator so it can be used as an alternative
estrogen therapy [25].

In our review, we will discuss the
neuroprotective effect of BIO-A and the possible
mechanisms in multiple neurological disorders.

2. The possible mechanisms of the

neuroprotective effect of BIO-A

The upcoming section briefly discusses the
potential mechanisms for the neuroprotective
effect of BIO-A. A summary for these
mechanisms is depicted in Fig.1.
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Fig.1: Molecular mechanisms of the neuroprotective effect of BIO-A

2.1. BIO-A as an antioxidant

Due to the erratic susceptibility of the brain
to oxidative stress and knowing that excessive
ROS causes neuropathology, oxidative stress is a
therapeutic target for neurological disorders. It
has been suggested that several neurological
conditions and neurological disorders such as
Alzheimer's and Parkinson's are triggered by
oxidative stress-induced neuronal cell death [26].
Various types of ROS are the main mediators of
oxidative stress [27]. The delicate equilibrium
between ROS generation and clearance is
interrupted during oxidative stress, which causes
ROS to build up inside the cell [27, 28]. Elevated
ROS levels within the cell cause neuronal
damage by boosting lipid peroxidation,
mitochondrial dysfunction, and apoptotic death
of cells [29]. BIO-A has a protective effect on
neurons as it lowers prooxidant levels and
increases antioxidant levels in normal cells [14,
30].

BIO-A also acts on intracellular oxidative
stress as it boosts the expression of antioxidants
like superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GPx) [31].

These antioxidants initiate the conversion of the
highly reactive superoxide to the less reactive
hydrogen peroxide (H,O,) and also prevent lipid
peroxidation [32, 33]. The cellular redox
equilibrium is maintained by the fast
interconversion of glutathione (GSH )to the
glutathione disulfide (GSSG) [34]. BIO-A has
been proven to prevent oxidative stress by
boosting GSH [35]. BIO-A scavenges H,O, in
human cortical cell line HCN 1-A and restores
neuronal viability in rat primary hippocampal
neurons [35, 36]. The transcription factor nuclear
factor erythroid 2-related factor 2 (Nrf2) is
considered necessary for the induction of the
effects of antioxidants. As soon as it is activated,
Nrf2 separates from Keapl and proceeds to the
nucleus, in which it unites with the anti-oxidant
response element (ARE) and mediates the
reduction process of heme oxygenase-1 (HO-1)
and NAD(P)H quinone oxidoreductase 1 (NQO-
1). Since SOD, GSH, and GST are produced in
response to Nrf2 downstream signaling, oxidative
stress-related cellular damage is prevented [37].
According to previous reports, BIO-A activates
the Nrf2/ARE signaling pathway in human
neuroblastoma cell lines (SH-SY5Y cells) to



184 Hussein et al., Arch Pharm Sci ASU 6(2): 181-195

protect them against the neurotoxicity caused by
isoflurane [38]. Because BIO-A can improve the
intracellular antioxidant response system by
modifying the Nrf2 signaling pathway, it is also
useful against the toxicity caused by arsenic [37].
BI10O-A inactivates NADPH oxidase and MDA, as
well as restoring superoxide dismutase, and
glutathione peroxidase levels in a model of LPS-
injected rats, a model of PD [39].

2.2. BIO-A as an anti-apoptotic

Apoptosis is an innate form of cell death that
is induced by both extrinsic and intrinsic
pathways. The extrinsic pathway begins with Fas
or TNF-a binding to FasR or TNFR death
receptors. This causes death messages to be sent
within the cell, stimulating caspase-8, which
somehow induces caspase-3. Caspase-3 then
starts a series of steps that triggers apoptosis.
Whenever the cell is confronted with a wide
range of external stimulation, such as radiation,
toxins, hypoxia, and oxidative stress, the intrinsic
pathway begins. It boosts mitochondrial
membrane permeation and the release of protein
molecules into the cell cytoplasm that enhances
apoptosis. Such occurrences then invoke caspase-
9, which stimulates caspase-3 and thus stimulates
the execution pathway [40]. BIO-A was proven
to protect neuronal cells by hindering both the
extrinsic and intrinsic pathways and decreasing
the levels of TNF-a, caspase-3, and caspase 8
[17, 41]. The BCL2 protein family has a
significant impact on the regulation of the
intrinsic  apoptosis  pathway. Pro-apoptotic
proteins such as Bcl-10 and Bax, are up-
regulated during apoptosis, whereas anti-
apoptotic proteins like Bcl-2 and Bcl-x are down-
regulated [40]. BIO-A treatment is linked to
enhanced expression of anti-apoptotic proteins
and down-regulation of pro-apoptotic proteins in
normal cells [17, 35].

2.3. BIO A as an anti-inflammatory agent

Activation of microglia cells is the first step

in neuroinflammation [42]. JNK and NF-kB are
primarily responsible for the activation of
microglia. Pathogen-associated molecular pattern
(PAMP) and damage-associated molecular
pattern (DAMP) molecules aggravate the NF-kB
signaling pathway via toll-like receptors (TLR).
Cyclooxygenase-2 (COX-2), iNOS, and other
pro-inflammatory cytokines are among the NF-
kB downstream effector pathways. BBB
disruption and neurodegeneration have been
linked to elevated expression of pro-
inflammatory cytokines (IL-1B, TNF- a, and
prostaglandins). DAMP and PAMP detection by
pattern recognition receptors (PRRs), like
NLRP3, triggers the development of misfolded
proteins and eventually contribute to the
development of inflammasomes. Inflammasomes
then results in the production of pro-
inflammatory cytokines, like IL-1p, 1L-18, and
pyroptosis, which then result in severe
inflammation [3]. The effects of BIO-A are
summarized in Table 1.

BI1O-A has been also shown to attenuate JNK
and NF-kB so inhibiting neuroinflammation [43,
44]. BIO-A reduces the levels of pro-
inflammatory cytokines in the cerebral ischemia-
reperfusion model [48]. BIO-A also inhibits the
NLRP3 inflammasomes [45]. Studies showed
that BIO-A protected dopaminergic neurons
against LPS by markedly decreasing microglial
activation and reducing levels of NO, TNF-a,
and superoxide [47, 49]. Another study revealed
that BIO-A effectively diminished the LPS-
induced generation of NO, NF-kB, TNF-o, and
inflammatory cytokines [50]. A previous study
on AlClz-induced neurodegeneration showed that
administration of CPE,(chickpea extract, in
which BIO-A is a major component),

decreased the levels of inflammatory
cytokines,  oxidative  damage,  repressed
amyloidosis, and decreased the expression of
AChE [51].
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Table 1. BIO-A protects against neuroinflammation

Molecular B10O-A action MODEL Reference
target affected
NF-kB Decreases levels of NF-KB LPS Model [43]
SAH model [44]
NLRP3 Inhibits NLRP3 inflammasome Angiotensin Il-induced [45]
damage of dopaminergic neurons
TNF-a Decreases TNF-a levels LPS model [46, 47]
NO Decreases NO expression
Superoxide Decreases superoxide levels

185

2.4. BIO-A as ER stress modulator

Endoplasmic reticulum (ER) stress is a result
of ER structural and functional abnormalities,
including the buildup of misfolded proteins and
changes to calcium homeostasis. Changes in
certain proteins that result in translational
attenuation, the stimulation of ER chaperones,
and the destruction of misfolded proteins are
characteristics of the ER response. Cellular
signals that cause cell death are activated in cases
of persistent or intensified ER stress. ER stress
has been implicated in a variety of human
neurological diseases such as PD, AD, and prion
diseases [53]. BIO-A has been shown in rat
models to reduce cerebral ischemic/reperfusion
injury in rat models by repressing ER stress, cell

death, and the p38 MAPK signaling pathway.
And also BIO-A intervention was correlated with
lower CHOP levels and higher GRP78 levels
[54].

2.5. BIO-A modulates Autophagy,
PI3K/Akt/mTOR, and AMPK signaling

In response to nutritional and bioenergetic
stressors, macroautophagy is a significant,
evolutionarily conserved mechanism that can
eliminate aggregated proteins and damaged
organelles like mitochondria. This has sparked a
lot of interest in treatments for neurological
illnesses like Huntington's, AD, PD, and stroke
which involve autophagy [55]. The regulation of
signal transmission and biological processes such
as cell proliferation, death, metabolism, and
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angiogenesis is greatly influenced by the PI3
K/AKT/mTOR signaling pathway. Numerous
human disorders, such as ischemic brain injury,
neurodegenerative diseases, and tumors involves
alterations in the PI3K/AKT/mTOR signaling
pathway [56]. Modulation of the mTOR pathway
protects against neuronal apoptosis and excessive
autophagy. Both death programs were induced by
oxidative stress and neuroinflammation in PD
[57]. According to studies, BIO-A increases the
autophagy marker beclin-1 and induces
PI3K/Akt/mTOR signaling leading to protecting
the nigral dopaminergic neurons in rotenone
parkinsonian mice [57].

A crucial metabolic regulator known as
AMPK works to control several aspects of
mitochondrial ~ biology and  homeostasis.
The ovariectomized double transgenic (OVX-
APP/PS1) mouse model's hippocampus had a
relatively low level of AMPK activation. BIO-A
treatment restored AMPK activation in that
model. Such activation resulted in improvement
of  cognition, reducing  Amyloid  beta
accumulation, and restoration of normal levels of
mitochondrial ~ biogenesis, dynamics, and
mitophagy. BIO-A upregulates Beclinl, LC3B,
Pink1, and Parkin, and reduces the expression of
p62 [58].

2.6 BIO-A act on Neurotransmitters levels
modulation

In the synaptic cleft, the enzyme
acetylcholinesterase (AChE) hydrolyzes the
neurotransmitter acetylcholine into choline and
acetate [59]. Acetylcholine esterase inhibitors are
widely used as a therapeutic approach for AD
[60].

BIO-A decreases acetylcholinesterase
activity of the whole brain in aged mice, and in
mice treated with scopolamine. BIO-A also
prevented the rise in noradrenaline and
dopamine, which causes dementia [61].

The enzyme monoamine oxidase (MAO) has
an important effect on the metabolism of
monoamine neurotransmitters and other amines.
Hydrogen peroxide (H,0O,), a mediator of
oxidative stress, is produced by oxidative
deamination that is catalyzed by MAO.
Monoamine oxidase (MAQ) exists in two forms,
monoamine oxidase-A (MAO-A) and
monoamine oxidase-B (MAO-B), each of which
is encoded by a separate gene, and has a
distinctive tissue allocation system and separate
substrate specificity. Neurotransmitters like
dopamine are deactivated by MAO-B [62].

In contrast to healthy brains, the
hippocampus and cerebral cortex of Alzheimer's
disease brains have increased MAO-B expression
[63], and reactive astrocytes surrounding amyloid
plaques contain an increased level (more than 3-
fold) of active MAO-B [64]. As a result,
inhibiting MAO-B expression might reduce
oxidative damage and neuronal death, thereby
slowing the disease's course [65].

Monoamine oxidase-B (MAO-B) inhibitors
are also frequently utilized in the treatment of PD
[62]. BIO-A was found to be a powerful,
reversible, and selective MAO-B inhibitor, and it
might be strongly suggested for further research
into its potential use in the treatment and
prophylaxis of PD and AD [66].

2.7. BIO-A as a MAPK signaling inhibitor

Mitogen-activated protein kinase (MAPK) is
involved in the response to various stimuli.
Additionally, members of the MAPK family are
crucial in regulating how cells react to cytokines
and stressors [67]. MAPK phosphorylation has
been linked to the regulation of proinflammatory
cytokines in LPS-stimulated microglia. ERK1/2,
JNK, and p38 were phosphorylated as a result of
the activation of MAP kinases by inflammatory
cytokines and oxidative stress. MAPK
inactivation is a possible mechanism of the anti-
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inflammatory implication of BIO- A in
parkinsonian rats, and also in BV2 microglial
cells [43, 47].

Iron and methyl phenyl tetrahydropyridine
(MPTP) co-treatment resulted in neurochemical
and behavioral decline by triggering microglial
p38 MAPK. BIO-A alleviates behavioral and
neurochemical decline by inhibiting microglial
p38 MAPK [68]. BIO-A also protects neuronal
cells in cerebral ischemia/reperfusion by
inhibiting neuroinflammation and inhibiting
MAPK p38 [48].

2.8. BIO-A increases neuronal cell viability

Up-regulation of the p75 (NTR) death
receptor starts the signaling pathways that lead to
cell death following spinal cord injury or distal
polyneuropathy. In vitro studies on BIO-A
showed effective attenuation of p75 (NTR)
expression  induced by ibuprofen and
enhancement of the survival of CCFSTTG1 and
U87MG cancer cells pre and post-p75 (NTR)

Brain injury

Multiple sclerosis

Depression and
anxiety

induction. Besides, this study proved that the
inhibitory effect of BIO-A on p38-MAPK
contributes to in cell viability [69].

Neuroglobin (Ngb) is a globin that shares
resembles hemoglobin and myoglobin in
structure. According to in vivo studies increased
Ngb levels considerably protect the brain and
heart from hypoxia, ischemia, and oxidative
stress bad effects, while decreasing Ngb
expression exacerbates tissue damage. Human
Ngb up-regulation may guard nerve cells against
mitochondrial dysfunction and neurological
disorders like AD [70]. BIO-A has been shown to
up-regulate Ngb in both mice and humans [71].

3- BIO-A role in neurological disorders

The role of BIO-A in different neurological
disorders such as Alzheimer's disease (AD),
Parkinson's disease (PD), stroke, multiple
sclerosis (MS), brain injury, glioblastoma, and
depression is depicted in Fig. 2.

disease

Glioblastoma

Fig. 2: BIO-A has a neuroprotective effect in multiple neurological disorders
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3.1. BIO-A investigation in AD

Among the most prevalent progressive
neurodegenerative disorders is AD which is
distinguished by dementia. Amyloid-beta (A-
beta) oligomerization and tau  protein
hyperphosphorylation are thought to be key
pathogenic features of AD. These aberrant
protein aggregates cause several physiological
reactions, including neuroinflammation,
mitochondrial dysfunction, epigenetic
modifications, and blood-brain barrier
abnormalities, and ultimately result in neuron
degeneration [72].

BIO-A has been demonstrated to have
positive effects on Alzheimer's disease. BIO-A
can be used as a protective and as a possible
treatment for Alzheimer's disease. It binds the
constructed fibril configuration of amyloidysss
and prevents apoptosis caused by -amyloid,s ss
through inactivation of the caspase enzyme [17,
73]. Additionally, it was shown that BIO-A
inhibits BACE 1, which has been linked to the
abnormal creation of the AP peptide, a key player
in the etiology of Alzheimer's disease. [74].

3.2. BIO-A investigation in PD

Patients with PD suffer from symptoms like
bradykinesia, stiffness, tremors, cognitive
impairment, and depression. PD is characterized
by dopaminergic neuron degeneration in the
substantia nigra [75].

Experiments show that BIO-A has a positive
impact on PD by inhibiting the inflammatory
response and the MAPK signaling pathway,
decreasing levels of inflammatory cytokines and
TNF-o. It also inhibits the phosphorylation of
ERK, JNK, and p38 in the substantia nigra of
parkinsonian rats [47]. BIO-A considerably
reduced MDA and enhanced GSH in the
substantia nigra of rats treated with iron and
rotenone. Iron and rotenone co-treatment may
worsen neurochemical and cognitive decline by

triggering redox imbalance, and elevated iron
supplements in newborns may contribute to the
etiology and pathogenesis of Parkinson's disease.
Furthermore, BIO-A protects dopaminergic
neurons by establishing redox equilibrium [31].
BIO- A acts as an anti-apoptotic against L-
glutamate-induced cytotoxicity in a PC12 cell
line [41].

3.3. BIO-A investigation in stroke

In both developed and developing nations,
both ischemic stroke and hemorrhagic stroke,
continues to be the leading cause of mortality and
disability [76]. Although acute stroke treatment
aims to restore blood flow, this can worsen
ischemia/reperfusion (I/R) injury-related
neuronal degeneration [77]. The
pathophysiological damaging processes of
cerebral I/R include energy failure, excitatory
neurotransmitter release, disruption of the BBB,
Ca?* accumulation inside cells, oxidative stress,
inflammation, and apoptosis [78]. As a result,
developing neuroprotective agents, maybe a
successful plan of action for treating ischemic
stroke [79]. BIO-A has been demonstrated to
reduce the inflammatory injury caused by
cerebral ischemia/reperfusion by inactivating the
P38MAPK signaling pathway [48]. Another
study found that BIO-A greatly reduced infarct
size, reduced brain edema, and considerably
improved neurological deficits. It also boosted
SOD and GSH while decreasing MDA formation.
Furthermore, in ischemic brain injury, BIO-A
enhanced nuclear translocation of Nrf2, and
increased HO-1 production, while inactivating
NF-KB [80].

Excitotoxic glutamate concentrations
contribute to neuronal cell death in the context of
cerebral ischemia. Glutamate oxaloacetate
transaminase  (GOT) degrades deleterious
glutamate in the brain of stroke patients. BIO-A
mitigates the injury by enhancing the expression
of GOT [81].
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3.4. BIO-A investigation into multiple
sclerosis

Multiple  sclerosis (MS), a chronic
inflammatory and neurodegenerative disorder of
the central nervous system that results in damage
of the myelin sheath, axonal degeneration, and
neuronal death. Up to 70% of patients suffer from
cognitive decline in form of loss of memory,
which is a prominent feature of the disease. As a
result, it significantly affects patients' quality of
life. In contrast to cuprizone (CPZ), BIO-A
significantly improved mice's spatial and
recognition memories in behavioral tests. BIO-A
alleviated neuronal injury in the hippocampus.
[82].

3.5. BIO-A investigation in brain injury

Early brain injury after subarachnoid
hemorrhage (SAH) is a consequence of
inflammatory injury and neuronal apoptosis.
Recently, it has been demonstrated that reducing
inflammation can lessen post-SAH neuronal
death and behavioral impairment. BIO-A hamper
the TLRs/TIRAP/MyD88/NF-kB pathway to
lessen inflammatory damage and neuronal death
following subarachnoid hemorrhage [44].

Traumatic brain injury (TBI) is the leading
cause of serious morbidity and disability in
individuals under 45 years old. Many TBI
survivors do not fully recover and still show
evidence of persistent disability, despite
breakthroughs in research and clinical studies of
TBI remedies. Diffuse axonal damage (DAI) and
cerebral white matter degeneration are
characteristics of diffuse traumatic brain injury
(TBI), which affects the brain and brainstem.
Previous research has shown that BIO-A
suppresses apoptosis and gliosis, attenuates BBB
damage, and swelling, and improves behavioral
functions in TBI in its initial stages [83].

3.6. BIO-A investigation in Glioblastoma

Glioblastoma is a prevalent malignant
primary brain cancer, with an average survival
period of 14.6 months and a 5-year survival rate
less than 5.5 percent [84]. Patients with
glioblastoma are routinely treated with radiation,
temozolomide (TMZ) chemotherapeutic agent,
and the safest possible neurosurgical excision.
The fact that present treatment methods
frequently have negative consequences has made
the development of new non-toxic therapeutic
approaches a top research priority [85].

In vitro and in vivo studies have
demonstrated that BIO-A has potent anti-tumor
properties by increasing ROS inside the tumor
cells while reducing aerobic glycolysis in glioma
cancer cells. Additionally, BIO-A acts by
regulating hypoxia-inducible factor 1(HIF-1a)
production via inactivating the AKT/mTOR
signaling pathway. BIO-A treatment significantly
reduces the Warburg effect in the cell line of
human glioma, U251 [86].

3.7. BIO-A investigation in depression and
anxiety

Depression is a prevalent condition that is
linked to a lower quality of life, as well as an
increase in morbidity and death [87]. For women,
depression is a real concern; in fact, it was
recently featured as one of the top 11 health
problems affecting pre-and postmenopausal
women [88].

Isoflavones  found in  soybeans in
physiologically significant levels. Clinical studies
attest to soybean's potent antidepressant
properties  [89]. MF11RCE, in  which
formononetin, genistein, biochanin A, and
daidzein isoflavones are presented in a specific
ratio, was proven clinically to be successful in
alleviating depression and anxiety symptoms in
postmenopausal women [90].
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Conclusion

As a powerful phytoestrogen, BIO-A has
attracted a lot of research interest. Through its
anti-oxidant, anti-inflammatory, anti-apoptotic,
regulation of autophagy pathway, and ER stress
modulation properties, BIO-A has been shown to
have broadspectrum neuroprotective effects.
Also, BIO-A acts as MAO inhibitor and AchE
modulator as well as an inactivator of the P38
MAPK pathway, and up regulator of Ngb. The
neuroprotective impact of BIO-A was reported in
a variety of neurological disease models,
including AD, PD, and glioblastoma. However,
clinical trials are essential to verify the potential
neuroprotective utility of BIO-A and extend the
benefit to patients.

Declarations

Ethics approval and consent of participation
Not applicable

Consent of publication
Not applicable

Data and materials availability

All data produced or analyzed throughout
this study are included in the current manuscript.

Competing interests

No competing interests were found between
the authors.

Funding
This manuscript was not funded.
Authors’ contributions

Sarah A.Hussein: Writing - original draft,
manuscript revision. Mai F.Tolba: review idea
and outline & editing, Supervision. Haidy
E.Michel: review & editing, Supervision. Samar
S.Azab: review & editing, Supervision, all
authors approved the final manuscript.

4. REFERENCES

1.

Feigin, V.L., et al., The global burden of
neurological disorders: translating evidence into
policy. Lancet Neurol, 2020. 19(3): p. 255-
265DOI: 10.1016/s1474-4422(19)30411-9.

PAHO. The burden of Neurological conditions
in the Region of the Americas, 2000-2019. Pan
American Health Organization, 2021. 2021,
Available from:
https://www.paho.org/en/noncommunicable-
diseases-and-mental-health/noncommunicable-
diseases-and-mental-health-data-portal-3.

Mishra, A., et al., Neuroprotective Potential of
Chrysin: Mechanistic Insights and Therapeutic
Potential for Neurological Disorders. Molecules,
2021. 26(21) DOI: 10.3390/molecules26216456.

Kulkarni, N., et al., Neuroprotective Potential of
Caffeic Acid Phenethyl Ester (CAPE) in CNS
Disorders:  Mechanistic and  Therapeutic
Insights. 2021. 19 DOI:
10.2174/1570159X19666210608165509.

Rietjens, 1., J. Louisse, and K. Beekmann, The
potential health effects of  dietary
phytoestrogens. Br J Pharmacol, 2017. 174(11):
p. 1263-1280 DOI: 10.1111/bph.13622.

Gorzkiewicz, J., G. Bartosz, and |. Sadowska-
Bartosz, The Potential Effects of
Phytoestrogens: The Role in Neuroprotection.
Molecules, 2021. 26(10) DOl:
10.3390/molecules26102954.

Cassady, J.M., et al., Use of a mammalian cell
culture benzo(a)pyrene metabolism assay for the
detection of potential anticarcinogens from
natural products: inhibition of metabolism by
biochanin A, an isoflavone from Trifolium
pratense L. Cancer Res, 1988. 48(22): p. 6257-
61.

Yu, C., et al., Perspectives Regarding the Role
of Biochanin A in Humans. 2019. 10 DOI:
10.3389/fphar.2019.00793.

Tolleson, W.H., et al., Metabolism of biochanin



Insights into the neuroprotective properties of Biochanin-A 191

A and formononetin by human liver microsomes
in vitro. J Agric Food Chem, 2002. 50(17): p.
4783-90DOI: 10.1021/jf025549r.

10. Polkowski, K. and A.P. Mazurek, Biological
properties of genistein. A review of in vitro and
in vivo data. Acta Pol Pharm, 2000. 57(2): p.
135-55.

11. Booth, N.L., et al., Clinical studies of red clover
(Trifolium pratense) dietary supplements in
menopause: a literature review. Menopause,
2006. 13(2): p. 251-64DOI:
10.1097/01.gme.0000198297.40269.7.

12. Xu, J., et al., Biochanin A Suppresses Tumor
Progression and PD-L1 Expression via
Inhibiting ZEB1 Expression in Colorectal
Cancer. Journal of Oncology, 2022. 2022: p. 1-
12DOI: 10.1155/2022/3224373.

13. Kole, L., et al., Biochanin-A, an isoflavone,
showed anti-proliferative and anti-inflammatory
activities through the inhibition of iINOS
expression, p38-MAPK, and ATF-2
phosphorylation and blocking NFkB nuclear
translocation. Eur J Pharmacol, 2011. 653(1-3):
p. 8-15DOI: 10.1016/j.ejphar.2010.11.026.

14. Singh, G., et al., Therapeutic effects of
biochanin A, phloretin, and epigallocatechin-3-
gallate in reducing oxidative stress in arsenic-
intoxicated mice. Environ Sci Pollut Res Int,
2021. 28(16): p. 20517-20536DO0l:
10.1007/s11356-020-11740-w.

15. Sartorelli, P., et al., Antiparasitic activity of
biochanin A, an isolated isoflavone from fruits
of Cassia fistula (Leguminosae). 2009. 104(2):
p. 311-314.

16. Breikaa, R.M., et al., Biochanin A Protects
against Acute Carbon Tetrachloride-Induced
Hepatotoxicity in Rats. Bioscience,
Biotechnology, and Biochemistry, 2013. 77(5):
p. 909-916DOI: 10.1271/bbb.120675.

17.Tan, JW. and M.K. Kim, Neuroprotective
Effects of Biochanin A against B-Amyloid-

Induced Neurotoxicity in PC12 Cells via a
Mitochondrial-Dependent Apoptosis Pathway.
Molecules, 2016. 21(5) DOI:
10.3390/molecules21050548.

18. Oza, MJ. and Y.A. Kulkarni, Biochanin A
improves insulin sensitivity and controls
hyperglycemia in type 2 diabetes. Biomed
Pharmacother, 2018. 107: p. 1119-1127 DOI:
10.1016/j.biopha.2018.08.073.

19. Sachdeva, C., N. Mishra, and S. Sharma,
Development and characterization of enteric-
coated microparticles of biochanin A for their
beneficial pharmacological potential in estrogen
deficient-hypertension. Drug Deliv, 2016. 23(6):
p. 2044-57 DOl:
10.3109/10717544.2015.1114046.

20. Xue, Z., et al., Potential Lipid-Lowering
Mechanisms of Biochanin A. J Agric Food
Chem, 2017. 65(19): p. 3842-3850 DOI:
10.1021/acs.jafc.7b00967.

21. Su, SJ., Y.T. Yeh, and HW. Shyu, The
preventive effect of biochanin on bone loss in
ovariectomized rats: involvement in the
regulation of growth and activity of osteoblasts
and osteoclasts. Evid Based Complement
Alternat Med, 2013. 2013: p. 594857 DOI:
10.1155/2013/594857.

22. Hajrezaie, M., et al., Biochanin gastroprotective
effects in ethanol-induced gastric mucosal
ulceration in rats. PLoS One, 2015. 10(3): p.
€0121529 DOI: 10.1371/journal.pone.0121529.

23. Thors, L., et al., Biochanin A, a naturally
occurring inhibitor of fatty acid amide
hydrolase. Br J Pharmacol, 2010. 160(3): p. 549-
60DOI: 10.1111/j.1476-5381.2010.00716.x.

24. Lin, V.C., et al, In vitro and in vivo
melanogenesis inhibition by biochanin A from
Trifolium pratense. Biosci Biotechnol Biochem,
2011. 75(5): p. 914-8 DOI: 10.1271/bbb.100878.

25. Beck, V., U. Rohr, and A. Jungbauer,
Phytoestrogens derived from red clover: an



192 Hussein et al., Arch Pharm Sci ASU 6(2): 181-195

alternative to estrogen replacement therapy? J
Steroid Biochem Mol Biol, 2005. 94(5): p. 499-
518 DOI: 10.1016/j.jsbmb.2004.12.038.

26. Patel, M., Targeting Oxidative Stress in Central
Nervous System Disorders. Trends Pharmacol
Sci, 2016. 37(9): p. 768-778 DOI:
10.1016/j.tips.2016.06.007.

27. Skulachev, V.P., Membrane-linked systems
preventing superoxide formation. Biosci Rep,
1997. 17(3): p. 347-66 DOl:
10.1023/a:1027344914565.

28. Lin, M.T. and M.F. Beal, Mitochondrial
dysfunction and  oxidative  stress  in
neurodegenerative  diseases. Nature, 2006.
443(7113): p. 787-95 DOI:
10.1038/nature05292.

29. Moldogazieva, N.T., S.V. Lutsenko, and A.A.
Terentiev, Reactive Oxygen and Nitrogen
Species—Induced Protein Modifications:
Implication in Carcinogenesis and Anticancer
Therapy. Cancer Research, 2018. 78(21): p.
6040-6047 DOI: 10.1158/0008-5472.CAN-18-
0980 %J Cancer Research.

30. Tripathi, S., et al., Therapeutic effects of
CoenzymeQ10, Biochanin A and Phloretin
against arsenic and chromium induced oxidative
stress in mouse (Mus musculus) brain. 3
Biotech, 2022. 12(5): p. 116 DOI:
10.1007/s13205-022-03171-w.

31. Yu, L., et al., Neurochemical and Behavior
Deficits in Rats with Iron and Rotenone Co-
treatment: Role of Redox Imbalance and
Neuroprotection by Biochanin A. Front
Neurosci, 2017. 11: p. 657 DOI:
10.3389/fnins.2017.00657.

32. Wang, Y., et al., Superoxide dismutases: Dual
roles in controlling ROS damage and regulating
ROS signaling. J Cell Biol, 2018. 217(6): p.
1915-1928 DOI: 10.1083/jch.201708007.

33. Ayala, A., M.F. Mufioz, and S. Argtielles, Lipid
peroxidation:  production, metabolism, and
signaling mechanisms of malondialdehyde and

4-hydroxy-2-nominal. Oxid Med Cell Longev,
2014. 2014: p. 360438 DOl:
10.1155/2014/360438.

34. Jones, D.P., Redefining Oxidative Stress.
Antioxidants & Redox Signaling, 2006. 8(9-10):
p. 1865-1879 DOI: 10.1089/ars.2006.8.1865.

35. Zhou, Y., et al., Biochanin A Attenuates
Ovariectomy-Induced Cognition Deficit via
Antioxidant Effects in Female Rats. Front
Pharmacol, 2021. 12: p. 603316 DOI:
10.3389/fphar.2021.603316.

36. Occhiuto, F., et al., The isoflavones mixture
from Trifolium pratense L. protects HCN 1-A
neurons from oxidative stress. Phytother Res,
2009. 23(2): p. 192-6 DOI: 10.1002/ptr.2584.

37. Zhong, Q., M. Mishra, and R.A. Kowluru,
Transcription Factor Nrf2-Mediated Antioxidant
Defense System in the Development of Diabetic
Retinopathy. Investigative Ophthalmology &
Visual Science, 2013. 54(6): p. 3941-3948DOl:
10.1167/iovs.13-11598 %J Investigative
Ophthalmology & Visual Science.

38. Wu, Q., et al., Biochanin A protects SH-SY5Y
cells against isoflurane-induced neurotoxicity by
suppressing oxidative stress and apoptosis.
Neurotoxicology, 2021. 86: p. 10-18 DOI:
10.1016/j.neuro.2021.06.007.

39. Wang, J., et al, Biochanin A protects
dopaminergic neurons against
lipopolysaccharide-induced damage and
oxidative stress in a rat model of Parkinson's
disease. Pharmacol Biochem Behav, 2015. 138:
p. 96-103 DOI: 10.1016/j.pbb.2015.09.013.

40. Elmore, S., Apoptosis: a review of programmed
cell death. Toxicol Pathol, 2007. 35(4): p. 495-
516 DOI: 10.1080/01926230701320337.

41. Tan, JW., et al., Neuroprotective effects of
biochanin A against  glutamate-induced
cytotoxicity in PC12 cells via apoptosis
inhibition. Neurochem Res, 2013. 38(3): p. 512-
8 DOI: 10.1007/s11064-012-0943-6.



Insights into the neuroprotective properties of Biochanin-A 193

42. Carson, M.J., J.C. Thrash, and B. Walter, The
cellular response in neuroinflammation: The role
of leukocytes, microglia, and astrocytes in
neuronal death and survival. Clin Neurosci Res,
2006. 6(5): p. 237-245 DOl:
10.1016/j.cnr.2006.09.004.

43. Wu, W.Y., et al., Biochanin A attenuates LPS-
induced pro-inflammatory responses and inhibits
the activation of the MAPK pathway in BV2
microglial cells. Int J Mol Med, 2015. 35(2): p.
391-8 DOI: 10.3892/ijmm.2014.2020.

44, Wu, L.Y., et al, Biochanin A Reduces
Inflammatory Injury and Neuronal Apoptosis
following  Subarachnoid Hemorrhage via
Suppression of the TLRs/TIRAP/MyD88/NF-xB
Pathway. Behav Neurol, 2018. 2018: p. 1960106
DOI: 10.1155/2018/1960106.

45. Xue, H.X., et al., Biochanin A protects against
angiotensin Il-induced damage of dopaminergic
neurons in rats associated with the increased
endophilin A2 expression. Behav Pharmacol,
20109. 30(8): p. 700-711 DOI:
10.1097/fbp.0000000000000515.

46. Chen, H.-Q., Z.-Y. Jin, and G.-H. Li, Biochanin
A protects dopaminergic neurons against
lipopolysaccharide-induced damage through
inhibition  of  microglia  activation and
proinflammatory factors generation.
Neuroscience Letters, 2007. 417(2): p. 112-117
DOl:
https://doi.org/10.1016/j.neulet.2006.11.045.

47. Wang, J., et al., Biochanin A Protects Against
Lipopolysaccharide-Induced Damage of
Dopaminergic Neurons Both In Vivo and In
Vitro via Inhibition of Microglial Activation.
Neurotox Res, 2016. 30(3): p. 486-98 DOI:
10.1007/s12640-016-9648-y.

48. Wang, W., et al., Biochanin A protects against
focal cerebral ischemia/reperfusion in rats via
inhibition of p38-mediated inflammatory
responses. J Neurol Sci, 2015. 348(1-2): p. 121-
5 DOI: 10.1016/j.jns.2014.11.018.

49. Chen, Y., et al., Collateral damage in cancer
chemotherapy: oxidative stress in nontargeted
tissues. Mol Interv, 2007. 7(3): p. 147-56 DOI:
10.1124/mi.7.3.6.

50. Berkdz, M., et al., Prophylactic effect of
Biochanin A in lipopolysaccharide-stimulated
BV2 microglial cells. Immunopharmacol
Immunotoxicol, 2020. 42(4): p. 330-339 DOI:
10.1080/08923973.2020.1769128.

51. Wahby, M.M., et al., Aluminum-induced
molecular neurodegeneration: The protective
role of genistein and chickpea extract. Food
Chem Toxicol, 2017. 107(Pt A): p. 57-67 DOI:
10.1016/j.fct.2017.05.044.

52. Aboukamar, W.A., et al., Activity of isoflavone
biochanin A in  chronic  experimental
toxoplasmosis: impact on inflammation.
Parasitol Res, 2022. 121(8): p. 2405-2414 DOI:
10.1007/s00436-022-07571-y.

53. Lindholm, D., H. Wootz, and L. Korhonen, ER
stress and neurodegenerative diseases. Cell
Death Differ, 2006. 13(3): p. 385-92 DOI:
10.1038/SJ.cdd.4401778.

54. Guo, M.M., et al.,, Biochanin A Alleviates
Cerebral  Ischemia/Reperfusion Injury by
Suppressing Endoplasmic Reticulum  Stress-
Induced Apoptosis and p38MAPK Signaling
Pathway In Vivo and In Vitro. Front Endocrinol
(Lausanne), 2021. 12: p. 646720 DOI:
10.3389/fend0.2021.646720.

55. Cherra, S.J., 3rd and C.T. Chu, Autophagy in
neuroprotection and neurodegeneration: A
question of balance. Future Neurol, 2008. 3(3):
p. 309-323 DOI: 10.2217/14796708.3.3.309.

56. Xu, F., et al., Roles of the PISK/AKT/mTOR
signaling pathways in  neurodegenerative
diseases and tumors. Cell Biosci, 2020. 10(1): p.
54 DOI: 10.1186/513578-020-00416-0.

57. El-Sherbeeny, N.A., et al., The protective effect
of biochanin A against rotenone-induced
neurotoxicity in mice involves enhancing



194 Hussein et al., Arch Pharm Sci ASU 6(2): 181-195

PIBK/AKtmTOR  signaling and beclin-1
production. Ecotoxicol Environ Saf, 2020. 205:
p. 111344 DOI: 10.1016/j.ecoenv.2020.111344.

58. Hou, Y., et al., Biochanin A alleviates cognitive
impairment and hippocampal mitochondrial
damage in ovariectomized APP/PS1 mice.
Phytomedicine, 2022. 100: p. 154056 DOI:
10.1016/j.phymed.2022.154056.

59. Soreq, H. and S. Seidman,
Acetylcholinesterase--new roles for an old actor.
Nat Rev Neurosci, 2001. 2(4): p. 294-302 DOI:
10.1038/35067589.

60. Moreta, M.P.-G., et al, Efficacy of
Acetylcholinesterase Inhibitors on Cognitive
Function in Alzheimer&rsquo's Disease. Review
of Reviews. 2021. 9(11): p. 1689.

61. Biradar, S.M., H. Joshi, and T.K. Chheda,
Biochanin-A  ameliorates  behavioral and
neurochemical derangements in cognitive-deficit
mice for the betterment of Alzheimer's disease.
Hum Exp Toxicol, 2014. 33(4): p. 369-82 DOI:
10.1177/0960327113497772.

62. Cai, Z., Monoamine oxidase inhibitors:
promising therapeutic agents for Alzheimer's
disease (Review). Mol Med Rep, 2014. 9(5): p.
1533-41 DOI: 10.3892/mmr.2014.2040.

63. Emilsson, L., et al., Increased monoamine
oxidase messenger RNA expression levels in the
frontal cortex of Alzheimer's disease patients.
Neurosci Lett, 2002. 326(1): p. 56-60 DOI:
10.1016/s0304-3940(02)00307-5.

64. Gulyas, B., et al.,, Activated MAO-B in the
brain of Alzheimer patients, demonstrated by
[11C]-L-deprenyl using whole hemisphere
autoradiography. Neurochem Int, 2011. 58(1): p.
60-8 DOI: 10.1016/j.neuint.2010.10.013.

65. Behl, T., et al., Role of Monoamine Oxidase
Activity in Alzheimer's Disease: An Insight into
the Therapeutic Potential of Inhibitors.
Molecules, 2021. 26(12) DOLl:
10.3390/molecules26123724.

66. Zarmouh, N.O., S.K. Eyunni, and K.F. Soliman,
The Benzopyrone Biochanin-A as a reversible,
competitive, and selective monoamine oxidase B
inhibitor. BMC Complement Altern Med, 2017.
17(1): p. 34 DOI: 10.1186/512906-016-1525-y.

67. Dou, W., et al., Mangiferin attenuates the
symptoms of dextran sulfate sodium-induced
colitis in mice via NF-kB and MAPK signaling
inactivation. Int  Immunopharmacol, 2014.
23(1): p. 170-8 DOLl:
10.1016/j.intimp.2014.08.025.

68. Li, Y., et al, Aggravated behavioral and
neurochemical deficits and redox imbalance in
mice with enhanced neonatal iron intake:
improvement by biochanin A and role of
microglial p38 activation. Nutr Neurosci, 2021.
24(3): p. 161-172 DOl:
10.1080/1028415x.2019.1611021.

69. El Touny, L.H., F. Henderson, and D. Djakiew,
Biochanin A reduces drug-induced p75NTR
expression and enhances cell survival: a new in
vitro assay for screening inhibitors of p75NTR
expression. Rejuvenation Res, 2010. 13(5): p.
527-37 DOI: 10.1089/rej.2009.1006.

70. Ascenzi, P., et al., Neuroglobin: From structure
to function in health and disease. Mol Aspects
Med, 2016. 52: p. 1-48 DOI:
10.1016/j.mam.2016.10.004.

71. Liu, N., et al., Establishment of Cell-Based
Neuroglobin Promoter Reporter Assay for
Neuroprotective Compounds Screening. CNS
Neurol Disord Drug Targets, 2016. 15(5): p.
629-39 DOl:
10.2174/1871527315666160321105612.

72. Cummings, J., New approaches to symptomatic
treatments for Alzheimer’s disease. Molecular
Neurodegeneration, 2021. 16(1): p. 2 DOI:
10.1186/513024-021-00424-9.

73. Ghobeh, M., et al., Interaction of AP(25-35)
fibrillation products with mitochondria: Effect
of small-molecule natural products. 2014.
102(6): p. 473-486 DOI:



Insights into the neuroprotective properties of Biochanin-A 195

https://doi.org/10.1002/bip.22572.

74. Youn, K., et al., The Identification of Biochanin
A as a Potent and Selective B-Site App-Cleaving
Enzyme 1 (Bacel) Inhibitor. Nutrients, 2016.
8(10) DOI: 10.3390/nu8100637.

75. Hirsch, E.C., and D.G. Standaert, Ten Unsolved
Questions  About  Neuroinflammation in
Parkinson's Disease. Mov Disord, 2021. 36(1):
p. 16-24 DOI: 10.1002/mds.28075.

76. Pandian, J.D., et al., Prevention of stroke: a
global perspective. Lancet, 2018. 392(10154): p.
1269-1278 DOI: 10.1016/s0140-
6736(18)31269-8.

77. Nour, M., F. Scalzo, and D.S. Liebeskind,
Ischemia-reperfusion injury in stroke. Interv
Neurol, 2013. 1(3-4): p. 185-99 DOI:
10.1159/000353125.

78. Durukan, A. and T. Tatlisumak, Acute ischemic
stroke: an overview of major experimental
rodent models, pathophysiology, and therapy of
focal cerebral ischemia. Pharmacol Biochem
Behav, 2007. 87(1): p. 179-97 DOI:
10.1016/j.pbb.2007.04.015.

79. Ginsberg, M.D., Neuroprotection for ischemic
stroke: past, present, and future.
Neuropharmacology, 2008. 55(3): p. 363-89
DOI: 10.1016/j.neuropharm.2007.12.007.

80. Guo, M., et al, Biochanin A Provides
Neuroprotection Against Cerebral
Ischemia/Reperfusion Injury by Nrf2-Mediated
Inhibition of Oxidative Stress and Inflammation
Signaling Pathway in Rats. Med Sci Monit,
2019. 25:; p. 8975-8983 DOI:
10.12659/msm.918665.

81. Khanna, S., et al., Phytoestrogen isoflavone
intervention to engage the neuroprotective effect
of glutamate oxaloacetate transaminase against
stroke. Faseb j, 2017. 31(10): p. 4533-4544
DOI: 10.1096/fj.201700353.

82. Aldhahri, R.S., et al., Biochanin A Improves
Memory Decline and Brain Pathology in

Cuprizone-Induced Mouse Model of Multiple
Sclerosis. 2022. 12(3): p. 70.

83. Ardeshir Moayeri, H.N., Marzieh Darvishi,
Effect of Biochanin A in the Acute Phase of
Diffuse Traumatic Brain Injury International
Journal of Pharmaceutical and
Phytopharmacological ~ Research  (elJPPR)
February 2020. Volume 10( Issue 1): p. Page 77-
86.

84. Dong, Q., et al, Downregulation of
microRNA-374a predicts poor prognosis in
human glioma. Exp Ther Med, 2019. 17(3): p.
2077-2084 DOI: 10.3892/etm.2019.7190.

85. Ortega, A., et al., Multiple resections and
survival of recurrent glioblastoma patients in the
temozolomide era. J Clin Neurosci, 2016. 24: p.
105-11 DOI: 10.1016/j.jocn.2015.05.047.

86. Dong, Q., et al., Biochanin A Inhibits
Glioblastoma Growth via Restricting Glycolysis
and Mitochondrial Oxidative Phosphorylation.
2021. 11 DOI: 10.3389/fonc.2021.652008.

87. Ustin, T.B., et al., Global burden of depressive
disorders in the year 2000. Br J Psychiatry,
2004. 184: p. 386-92 DOI:
10.1192/bjp.184.5.386.

88. van Dijk, G.M., et al., Health issues for
menopausal women: the top 11 conditions have
common solutions. Maturitas, 2015. 80(1): p.
24-30 DOI: 10.1016/j.maturitas.2014.09.013.

89. Messina, M. and C. Gleason, Evaluation of the
potential antidepressant effects of soybean
isoflavones. Menopause, 2016. 23(12): p. 1348-
1360 DOI: 10.1097/gme.0000000000000709.

90. Lipovac, M., et al, Improvement of
postmenopausal  depressive and  anxiety
symptoms after treatment with isoflavones
derived from red clover extracts. Maturitas,
2010. 65(3): p. 258-61 DOI:
10.1016/j.maturitas.2009.10.014.



