KLinsen

Recent Progress in Nutrition LIDSEN Publishing Inc.

Review

Role of Cereals and Pseudo-cereals in the Management of
Neurodegenerative Diseases (NDDs) with a Special Reference to
Alzheimer’s and Parkinson’s Disease

Ashok Chakraborty »*, Smita Guha ?

1. Allexcel, Inc., Shelton, CT, USA; E-Mail: ashok.chakraborty@allexcel.com
2. St. John’s University, Queens, NY, USA; E-Mail: guhas@stjohns.edu

* Correspondence: Ashok Chakraborty; E-Mail: ashok.chakraborty@allexcel.com

Academic Editor: Marcio Schmiele

Special Issue: Recent Advances in Nutrition and Health of Cereals and Pseudocereals

Recent Progress in Nutrition Received: January 19, 2026

2026, volume 6, issue 2 Accepted: May 27, 2026

doi:10.21926/rpn.2602008 Published: June 12, 2026
Abstract

Neuro degenerative diseases involve protein aggregation that causes neural cell death or loss
of neural communication that affects body balance, movement, talking, breathing, and heart
function. Aggregation of proteins, like a-synuclein, are found in Parkinson’s disease (PD),
while tau, amyloid-B42 and TDP-43, are aggregated in Alzheimer’s disease (AD). Besides,
amyotrophic lateral sclerosis (ALS); dementia with Lewy bodies (DLB); dystrophic neuritis (DN);
corticobasal degeneration (CBD); argyrophilic grain disease (AGD); astrocyte plaque (AP);
facial onset sensory and motor neuronopathy (FOSMN); Limbic-predominant age-related
TDP-43 encephalopathy (LATE); neurofibrillary tangles (NFT); neuronal intranuclear inclusions
(NII); neutrophil threads (NPT); chronic traumatic encephalopathy (CTE); glial cytoplasmic
inclusions (GCl); Guadeloupean Parkinsonism (GP); idiopathic REM sleep behavior disorder
(iRBD); Nodding Syndrome (NS); oligodendrocytes glial cells coiled bodies (OCB); muscle cells
(MC); multiple system atrophy (MSA); multisystem proteinopathy (MSP); neuronal
cytoplasmic inclusions (NC/); are several neurodegenerative diseases name according to their
involved protein factor(s). In this review we will focus only on AD and PD, and how they can
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be managed by cereals and pseudo-cereals, as they contain several anti-neurodegenerative
factors.
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1. Introduction

The causes of AD/PD are generally considered as age-related neural damage, but also could be
genetic. Besides, some other causative factors like, alcoholism, pesticides, brain injuries are
sometimes noticed in the background of those diseases. The AD/PD, however, has no cure, except
for some palliative treatments, which may help to improve the symptoms, relieve pain, and increase
mobility. Symptomatically AD is known as irreversible forgetfulness [1], and PD is known as shaking
palsy [2]. However, in AD the coagulated amyloid 6 and tau protein cause the damage of the neural
circuit. Similarly, a-Synuclein, a presynaptic neuronal protein agglutination, is one of the causative
factors of PD [3].

Brain, as we know, controls several aspects of the body’s function, these neurodegenerative
diseases consequently limit the ability to perform both basic function, like speech, movement,
stability, and balance, as well as many complicated tasks (e.g., bladder and bowel functions, and
cognitive abilities). There are lots of reviews, which showed specifically some specific macro-, as
well as, micro- nutrients and diet patterns that indeed offer indeed a beneficial function. In this
connection, we will discuss here about some cereals and/or pseudo-cereals, which are important to
be considered for controlling the AD/PD symptomes.

1.1 AD, Some Details of the Disease

In 1906, Dr. Alzheimer discovered many abnormal clumps and tangled bundles of fibers (now
known as A8 plaques, and hyper-phosphorylated tau tangled protein, respectively) from a deceased
brain of a woman who was suffering from memory loss, language problems, and many
unpredictable behaviors [1]. Neurons are known to transmit messages from different parts of the
brain to muscles and other organs in the body.

Due to the formation of A8 agglutinated deposit, and their ineffective clearance, forms the pore-
like structures in the neurons and cause the synaptic damage, alterations in glutamate receptors,
mitochondrial dysfunction, and alterations in signaling pathways [1]. Molecular analysis identifies a
number of signaling proteins, like fyn kinase, glycogen synthase kinase-3B (GSK3B) and cyclin-
dependent kinase-5 (CDK5), which are involved in the neurodegenerative progression of AD [4].

The free-radical theory of aging, though has inspired to use many antioxidants such as alpha-
tocopherol, ascorbate and coenzyme-Q to treat the AD, but, in fact, the results are with limited
success. In AD, the abnormal aggregations of A6 and tau proteins are similar to the prion disease,
suggesting the formation and spread of corruptive protein templates [5]. Although, the antioxidant
cannot reverse the autophagy but can serve in removing the damaged or dysfunctional proteins and
organelles to preserve the neuronal function as well as their survival [5].
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Senescent cells and their mechanisms of action are still under-studied, but potentially important
in the field of neuro-inflammation and subsequent neuro-degeneration. Characterization of cellular
process(es) and molecules involved in the senescence of the brain-cells, could focus on some novel
therapeutic targets for the prevention of chronic age-related ADs [6]. Here below, we summarize
the key players of AD (Figure 1). Further, L-glutamate (or L-aspartate) can mediate acute excite-
toxicity in the brain, resulting long-term neurodegenerative processes like AD [7, 8].

AP protein aggregation

Figure 1 Key Players of AD.

Underlying mechanisms of developing AD/PDs include mostly Oxidative stress (OS) and/or
formation of free radicals/reactive oxygen species (ROS) [9]. Genetic linkage, ageing, stress,
pesticides, fungicides/insecticides and SUMOylation process are also considered as causative
factors for the onset of PD/AD, and also many other NDDs [10]. Several chemicals used in industry
or consumer products including metals (e.g., arsenic, lead, manganese), air pollution, and bacteria-
made endotoxins are also believed to cause NDDs, like AD/PD. Besides, some dietary factors (e.g.,
caffeine, tobacco, dietary antioxidants), as well as lifestyle are linked with the appearance of the
diseases like AD and PD [11]. In addition, some stress—related proteins and chaperones have high
impact on the pathogenesis of AD and PD [11]. All these pathways interact with other pathways like
energetic dysregulation, molecular damage, metabolic change(s), abnormalities in ion homeostasis,
and adaptation, ultimate cause the onset of the AD/PD symptoms [12].

AD is also known as Tauopathy as the tau protein gets aggregated and blocks the neural circuit.
Whether mitochondrial OS could be an inducer of tauopathy (AD), is a matter of consideration. In
fact, OS might occur in the early stages of the disease, even before the tau-agglutination [13]. In the
early progression of the disease, mitochondria might not be the only source of ROS, there could be
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a positive loop between OS generation in any place during the early stages of the disease, which
can promote mitochondrial impairment leading to neuronal death. Studies in animal models reveal
the importance of antioxidant enzymes in tau pathology. For example, the inhibition of SOD1 and
SOD?2 leads to increase the tau pathology in mice [13, 14], and in a drosophila model [15]. More
research should be conducted to confirm the role of mitochondrial dysfunction and OS in
tauopathies, which might be the consequence of the age-dependent decrease in antioxidant
molecules [16].

1.2 PD/a-Synucleinopathy

Abnormal accumulation of insoluble a-synuclein protein in neurons and glial cells, disturbing
normal neural circuit, and resulting in PD, DLB and multiple system atrophy (MSA), altogether called
as a-synucleinopathy [17-19]. Symptoms of a-synucleinopathy include autonomic nervous system
dysfunctions along with many others, like constipation, urinary, sexual dysfunction, and reduced
heart rate variability, etc. At the molecular level, this is disease is identified as the mutations in the
synuclein (SNCA) gene encoding for a-synuclein. Other genes, PARK, LRRK2 and VPS35, have been
found to be associated with variants of autosomal dominant PD, while PARK2, PINK1, and PARK7
cause autosomal recessive PD [20, 21].

1.3 Molecular mechanisms of PD

In the familial PD cases, the individual experiences frequent falls 3 years before the onset of the
disease, and at molecular level they express triplication of SNCA, and orthostatic hypotension (OH)
with evidence of sympathetic cardiac denervation. The sympathetic cardiac denervation is
associated with bi-allelic mutations of PARK2 and the LRRK gene mutations, which showed the
symptoms such as constipation, neurogenic bladder and erectile dysfunction, in PD [20]. a-
synucleinopathy affects the central autonomic network system and also the preganglionic
sympathetic and parasympathetic neurons [22]. The pure autonomic failure (PAF) involves
generalized loss of sympatho-adrenomedullary cells, as reflected by a low level of catecholamines
(dopamine, norepinephrine, epinephrine) and their byproducts, metanephrines, in blood, whereas
in PD and MSA, an organ-selective sympathetic denervation occurs [23].

Mitochondrial dysfunction is also noticed in PD [1]. Besides, the intimate relationships among
microglial activation, nitric oxide formation, and neuro-inflammation are also noticed in relation to
PDs [1]. In brief, oxidative stress and formation of free radicals/reactive oxygen species,
mitochondrial dysfunctions, impaired bioenergetics and DNA damage, neuroinflammatory
processes and disruption of cellular/axonal transport are the prime cause for the onset of the PD
[4]. Molecular mechanisms of PD formation are shown in Figure 2.
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Figure 2 Molecular mechanism of PD formation.

However, having such a fair knowledge of AD/PD we still do not have any cure for those diseases
except for some palliative treatments. In that scenario, any other alternative approaches should be
welcome. Here we will discuss on cereals and pseudocereals, if they have any merit of cereals and
pseudocereals to be considered for that purpose.

1.4 Cereals and Pseudocereals

These granules contain high fiber which aid in gut health, blood sugar control, and cholesterol
reduction, crucial for managing diabetes and cardiovascular -disease. They are also excellent
sources of iron, magnesium, calcium, B-vitamins, and Vitamin E, important for overall vitality [24].

The Key Grains, Quinoa, are rich with high protein quality, antioxidants. Amaranth contains
complete protein, rich in lysine, squalene, and minerals. Buckwheat is high in rutin, polyphenols,
and B-vitamins, while Barley are good in blood-sugar management, potential for anti-cancer
properties, and contains antioxidants that helps NDD [25].

Pseudocereals have similar structure as cereal grains and most of the seed components are
covered by the endosperm (nutrient store) is encased by the aleurone, which is then enclosed by
the testa (seed coat) and the hull (outer husk). However, despite of having enough similarities, not
all pseudocereals are placed in the same family as wheat, maize, and rice [26]. Broomcorn millet
(Panicum miliaceum L.), canary seed (Phalaris canariensis L.), and teff (Eragrostis teff) are grouped
in the Poaceae family (grasses) like wheat, rice, and maize [26]. On the other hand, amaranth
(Amaranthus spp.), buckwheat (Fagopyrum esculentum Moench), chia (Salvia hispanica L.), and
quinoa (Chenopodium quinoa Willd) are placed in the Amaranthaceae, Polygonaceae, Mint, and
Chenopodiaceae family, respectively [27].

In general, all pseudocereals have higher protein and lipid contents and lower carbohydrate
content than maize, wheat, and rice. Unlike cereal grains, pseudocereals are rich in bioactive
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compounds, including dietary fiber, unsaturated fatty acids, lignans, antioxidants, flavonoids,
polyphenols, phytosterols, minerals, vitamins, high quality proteins with a balanced aminoacids
composition, and essential micronutrients [28-30]. Therefore, the high nutrient-rich pseudocereals
are found to be associated with health benefits, such as hypolipidemic, anti-inflammatory, anti-
hypertensive, anti-cancer, and hepato-protective properties. They also offer benefits against
obesity and diabetes [31, 32]. Thus, it is hypothesized that the nutrient imbalance created due to
carbohydrate-rich cereals (maize/wheat/rice) may be corrected by replacing them with pseudo-
cereals in the diets.

Significant emphasis has been placed on the cultivation, research, and new product
developments using amaranth, buckwheat, and quinoa [33-35]. Therefore, this review first
highlights the unique aspects of the chemical composition of amaranth, buckwheat, and quinoa in
comparison to that of maize, wheat, and rice are highlighted. Second, the impacts on the
compositions of amaranth, buckwheat, and quinoa due to common processing treatments are
discussed. Finally, food products that can be formulated using these pseudocereals are covered to
inform consumers about potential ways of including pseudocereals in their daily diets while
maintaining high nutritive value and sensorial acceptance.

2. Effect of Whole Grains on Neurodegenerative Diseases

e Whole grains are rich in polyphenols, which inhibits the oxidative and inflammatory effects
on neural cells. They also can modulate the host-immune response, as observed in many
experimental studies [36-38].

e Moreover, polyphenols can modulate Bcl-2 and PERK functions, and release anti-oxidant
enzymes including catalase and superoxide dismutase, and inhibit mitochondrial dysfunction
[39-41].

e Polyphenols can block the action of acetylcholinesterase and butyrylcholinesterase, thus
inducing metal chelation, autophagy regulation and prion elimination, which help in
improving cognitive functions [42, 43]. Preclinical data from mice experiments suggest that
resveratrol might prevent neuronal loss [44].

e SRT501, an oral formulation of resveratrol, can activate SIRT1, an NAD+-dependent
deacetylase, and thus can stimulate mitochondrial function. These results were noticed in
some preclinical studies with mice model of multiple sclerosis [45].

e Resveratrol also showed a neuroprotective effect in 6-hydroxydopamine (6-OHDA)-induced
PD-rat model. The results are accompanied by the reduction in DNA condensation and
vacuolization of dopaminergic neurons in the substantia nigra [46]. In addition, a lower
expression of COX-2 and TNF-a has also been found [47].

e Therefore, whole grains and their constituents, especially polyphenols, may exert a beneficial,
neuroprotective effect, thus representing a feasible therapeutic opportunity in this setting [48,
49].

e Cereals and pseudocereals (like quinoa, amaranth, buckwheat) offer neuroprotective
compounds (phenolics, antioxidants, fiber, quality protein) that combat oxidative stress and
inflammation [50, 51]. Also, they are the key drivers of neurodegenerative diseases (NDDs)
like AD/PD, by improving gut-brain axis, reducing glycation, and providing sustained energy,

Page 6/18



Recent Progress in Nutrition 2026; 6(2), doi:10.21926/rpn.2602008

potentially slowing progression [52], though they’re not a cure but part of a beneficial diet for
brain health, especially whole grains and pseudocereals rich in bioactive compounds.
Below, we have depicted the molecular target(s) of the cereal and pseudo-cereal bioactive(s)
towards the neuroprotective effects (Table 1).

Page 7/18



Recent Progress in Nutrition 2026; 6(2), doi:10.21926/rpn.2602008

Table 1 Molecular Targets of Bioactive(s) and their effects on neuro-protection.

Bioactive Molecular target(s) Effect(s) Exptl. Evidence Ref.
e Target enzymes involved in oxidative stress, o . i .
. . . Protect from neuronal e Flavonoid-rich diets can improve cognitive
. inflammation, and neurotransmitter systems . L
Flavonoids ) . death and abnormal function and reduce neurodegenerationin  [53]
e (Can modulate signaling pathways such as . )
function animal models
the MAPK and PI3K/Akt pathways
e Primarily target oxidative stress pathways, Helps to protect ® Phenolic acids can reduce oxidative stress
Phenolic Acids reducing reactive oxygen species (ROS), and  neurons from oxidative and enhance neuroprotection of neuronal [54]
thus enhancing antioxidant defenses damage cells
e Saponins have shown promise in preclinical
. e Modulates NF-kB pathway, which is involved  Protects from studies for their neuroprotective
Saponins [55]

in inflammatory responses

apoptosis

properties, in neurodegenerative disease
model
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Further, the above bioactives, as they are known for their antioxidant properties, they also have
the ability to inhibit glycation [56], which is the process where sugars bind to proteins or lipids,
potentially leading to various health issues, including diabetes and aging-related diseases.
e Flavonoids can reduce the formation of advanced glycation end products (AGEs) by
scavenging free radicals and inhibiting the glycation process itself [57].

e Similar to flavonoids, phenolic acids exhibit antioxidant activity and can interfere with
glycation pathways, thereby protecting proteins from glycation damage [58].

e Saponins also contribute to reducing the glycation by enhancing antioxidant defenses and
potentially modulating glucose metabolism [59, 60].

3. Cereals and Pseudocereals Show Neuroprotective Roles in Neurodegenerative Disease Models

Oats contain avenanthramides (Avns), a group of polyphenol amides that have been identified

as having significant neuroprotective roles in AD and PD models.

e Alzheimer’s Disease (AD): Preclinical studies have shown that avenanthramide-C (Avn-C)
from germinated oats can reverse amyloid- (AB8)-induced neurotoxicity. In Tg2576 AD mouse
models, Avn-C restored impaired long-term potentiation (LTP) in the hippocampus by
scavenging the reactive oxygen species (ROS) [61].

e Parkinson’s Disease (PD): Synthetic bis-avenanthramide-B (Bis-B), an analog of oat
avenanthramide, acts as an antioxidant and Nrf2 inducer (nuclear factor erythroid 2-related
factor 2), which protects against rotenone-induced oxidative damage in SH-SY5Y cells, a model
for PD [62].

e Cognitive Function Studies: Clinical trials have found that short-term consumption of green
oat extracts can significantly improve cognitive function (accuracy and speed of performance)
in humans, likely through better brain metabolism [63].

e Oat Peptide (RW-9): A specific novel peptide identified from oat protein has been shown to
ameliorate learning and memory impairments in mice by regulating oxidative stress and
acetylcholinesterase (AChE) in the brain [64].

4. Pseudo-Cereals Are Recognized for Their Superior Nutritional Profile Compared to Traditional
Cereals and Their Ability to Combat Oxidative Stress

e Stress-Related Memory Loss: A study using a quinoa-based functional food (QFF) in
adolescent rats showed that it mitigates stress-induced hippocampal dendritic atrophy and
prevents spatial memory impairment [65].

e PD Model: Quinoa extract has been shown to protect against locomotor impairment and
memory deficits in Drosophila models of PD induced by rotenone [66].

e Alzheimer’'s Model: Fermented quinoa (rich in betaine) has shown the ability to reduce
homocysteine levels and reduce neuroinflammation/amyloid plague accumulation. Rutin has
been shown to reduce pro-inflammatory cytokines and improve memory in Alzheimer’s
disease models [67].

o Neuroprotective Compounds: Buckwheat contains high levels of rutin (RUT) and quercetin
(QE), which are strong antioxidants that help reduce neuroinflammation and improve the
activity of antioxidant enzymes [68].
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5. Key Mechanisms of Action of the Cereal and Pseudocereals Bioactives

e Avenanthramides (AVNs), the unique plant alkaloids of secondary metabolites found in oats
cereal, and phenolic compounds in pseudo-cereals activate the Nrf2/ARE pathway, which
increases the expression of cytoprotective enzymes that protect neurons from oxidative
death [69].

e Further, this bioactive modulate the PI3K/AKT/GSK3B signaling pathway, crucial for cell
survival and reducing amyloid- accumulation [62].

e Quinoa and buckwheat compounds directly decrease the concentration of pro-inflammatory
cytokines such as TNF-a and IL-1f [70].

6. Bioavailability and Blood Brain Barrier (BBB) Permeability of the Cereals and Pseudo Cereals
Bioactive Compounds

Bioactive compounds in cereals and pseudocereals generally exhibit low bioavailability and
limited blood-brain barrier (BBB) permeability due to their complex chemical structures and
extensive metabolism in the gut. Despite these barriers, certain low-molecular-weight metabolites
can cross into the central nervous system to exert neuroprotective effects.

e Cereals (e.g., Wheat, Rice, Corn): Rich in phenolic acids like ferulic acid, which are often bound
to cell wall polymers, requiring release during digestion or fermentation to become
bioaccessible [71].

e Pseudocereals (e.g., Quinoa, Buckwheat, Amaranth): Contain high levels of flavonoids (like
rutin), lignans, and phytosterols. Their bioavailability is influenced by food processing
techniques like germination, which can increase the levels of bioavailable phenolics and GABA
by up to 800% [72].

e General Barriers: Most phytochemicals undergo extensive transformation by gut microbiota,
resulting in metabolites that may have different biological activities than the parent
compounds [73].

6.1 Blood-Brain Barrier (BBB) Permeability

The BBB is highly selective, excluding approximately 98% of small molecules from entering the

brain.

e Permeable Compounds: Small, lipophilic molecules and specific low-molecular-weight (LMW)
metabolites (such as methylated or sulfated phenolic acids) have been shown to cross the BBB
[74].

e Transport Mechanisms: Some compounds cross via passive diffusion, while others may use
specific transporters, suggesting a degree of stereoselectivity [75].

e Neuroprotective Action: Even at low concentrations (pM to low nM), these compounds can
mitigate oxidative stress and neuroinflammation within the brain parenchyma [76].

e Indirect Effects: Some bioactives may provide neuroprotection without crossing the BBB by
modulating peripheral targets or the gut-brain axis [77, 78].
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6.2 Summary

In the summary table (Table 2), different Cereals, their major bioactive compounds, and neuro-
protective functions are listed.

Table 2 Different Cereals, major bioactive compounds, and their neuroprotective

functions.
Cereals and Pseudo-cereals Mechanism of action Effects Ref.
Many cereals and pseudo-

Y P Antioxidant properties Reduces neuro-degeneration [79]
cereals
Whole grains like oats and . Lowering the risk of neuro-

. Anti-inflammatory . ] [80]
quinoa inflammatory diseases
Improved brain function and

High fiber content in cereals Promotes gut health reduced neuro-degenerative [79]

risks

B vitamins and
Essential nutrients . . Support cognitive health [81]
magnesium mineral

. . L Neuro-protection and
Certain Grains High in Polyphenols . . [82]
cognitive function

Have low glycemic
Whole grains index, and maintain Crucial for brain health [80]
stable blood sugar levels

May modulate Promote neuronal growth and

83
neurotrophic factors survival (83]

Phytochemicals

Fermentable Supports beneficial gut

Infl brain health 84
Carbohydrates: (Probiotics)  bacteria nriuence brain hea (84]

7. Limitations of Cereal and Pseudo-Cereal Bioactives

e Excessive intake can lead to deficiencies in essential nutrients not found in these grains and
may cause nutrient imbalance.

High fiber content may cause bloating, gas, or digestive discomfort if consumed in excess.
Some cereals contain anti-nutrients like phytic acid, which can inhibit mineral absorption.
Overconsumption can contribute to excessive calorie intake, leading to weight gain.

High amounts of refined cereals can cause rapid increases in blood sugar levels.

Some individuals may experience allergic reactions or intolerances to specific grains [85].

8. Conclusions

Cells naturally grow old and eventually die, therefore proper nourishment and regulation of
cellular proteins are crucial to maintaining a healthy brain, especially when ageing starts. In
neurodegenerative diseases, aggregation of clumped fragments of mis-folded proteins, followed by
spreading to neighboring cells, is still poorly understood. The Rutgers researchers found that
roundworms when stressed, their nerve cells can extrude neurotoxic proteins in large packets,
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called exophers. This exophers production was found during fasting and also in neurodegenerative
diseases like AD and PD.

Since a healthy brain is critical to overall health and longevity, it is important for to understand
the brain health and the effect of neurological disorders on the brain. Many neurological disorders
that disrupt the normal brain functions include, traumatic brain injury, brain tumors, meningitis,
and communication and sensory disorders. During all those conditions overproduction of reactive
oxygen species (ROS) exert neurodegeneration effect on the neural cells and promote cell death.
Considering the importance of managing protein aggregates during aging and in neurodegenerative
diseases, a detailed understanding of how those aggregates are formed and transferred. New
research in the area of brain mechanisms may open a new avenue for the disease prevention and
treatment. Until then we can use the benefits that may be available from cereals and pseudocereals
as they contain Antioxidants & Phenolics compounds which can fight free radical damage (oxidative
stress) and save the brain cells from getting damaged. Another context of cereals and pseudocereals
is Fiber which supports a healthy gut microbiome, influencing the gut-brain axis, a pathway for
inflammation. Similarly, B Vitamins which are essential for cognitive function and brain energy are
found in whole grains.

Bioactive compounds in pseudocereals help reduce chronic inflammation and rescues brain from
NDDs. Glycation inhibitory compounds are present in pseudocereals (e.g., buckwheat, chia), which
can inhibit advanced glycation end products (AGEs) and protects from NDDs. Further, the whole
grains release energy slowly, preventing glucose spikes that can harm the brain.

Therefore, it is recommended to substitute refined grains with whole grains and pseudocereals.
Incorporate pseudocereals, like quinoa, amaranth, or buckwheat in salads, porridges, or as gluten-
free flour; choose minimally processed grains for maximum fiber and nutrients, and consider
sprouting/Germinated bioactive compounds to increase their neuroprotective potential (Figure 3).
However, while beneficial, cereals and pseudocereals are part of a dietary strategy, not a cure, for

neurodegenerative diseases.
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Figure 3 Neuroprotective Function of Cereals and Pseudocereals.
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Last but not least, it should be mentioned that the cereals and pseudo-cereals may be included
in diet to support the neural system, but not to be considered as medicine for any neurological
disorders. Future research on this topic should be done with more clinical trials and with
standardized dietary intervention, along with their mechanistic study to explain the out come of the
results.
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ALS Amyotrophic lateral sclerosis
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CDK5 Cyclin-dependent kinase-5

ER Endoplasmic reticulum
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HD Huntington’s disease

MNDs Motor neuron diseases

SNCA Synuclein

NDDs Neurodegenerative diseases
NMJ Neuromuscular junction

0sS Oxidative stress

PD Parkinson’s disease

ROS Radicals/reactive oxygen species
SASPs Senescence-associated secretory phenotypes

TDP-43 Transactive response DNA binding protein 43 kDa
MPTP 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine

Acknowledgments

We acknowledge all our colleagues and secretaries for their help during the preparation of the
manuscript and providing all the relevant information. Thanks are due to Ms. Bethany Pond, a
Chemist at AllExcel, Inc, for the English corrections.

Author Contributions

The concept and main writing of the first Draft are done by AC. SG did the editing and
paraphrasing the article, designed the Figs, and did the literature search. Both did approve the final
writing of this manuscript.

Competing Interests

Both of the authors declare that the research was conducted in the absence of any commercial
or financial relationships that could be construed as a potential conflict of interest.

Page 13/18



Recent Progress in Nutrition 2026; 6(2), doi:10.21926/rpn.2602008
Al-Assisted Technologies Statement

Al-assisted tools were used in some parts in the writing process, to improve the readability and
language of the work. All scientific content, data interpretation, and conclusions were developed
independently by the author. The authors have thoroughly reviewed and edited the Al-assisted text
to ensure its accuracy and accept full responsibility for the content of the manuscript.

References

1. NIH-National Institute of Ageing. Basics of Alzheimer’s disease and Dementia. What Is
Alzheimer’s Disease? [Internet]. Bethesda, MD: National Institute of Ageing; 2025. Available
from: https://www.nia.nih.gov/health/what-alzheimers-disease.

2. Schnabel J. Secrets of the shaking palsy. Nature. 2010; 466: S2-S5.

3. Stefanis L. a-Synuclein in Parkinson’s disease. Cold Spring Harb Perspect Med. 2012; 2: a009399.

4. GuoT,ZhangD, Zeng Y, Huang TY, Xu H, Zhao Y. Molecular and cellular mechanisms underlying
the pathogenesis of Alzheimer’s disease. Mol Neurodegener. 2020; 15: 40.

5. Basha FH, Waseem M, Srinivasan H. Cellular and molecular mechanism in neurodegeneration:
Possible role of neuroprotectants. Cell Biochem Funct. 2021; 39: 613-622.

6. Paramos-de-Carvalho D, Jacinto A, Saude L. The right time for senescence. elife. 2021; 10:
e72449.

7. Jellinger KA. Basic mechanisms of neurodegeneration: A critical update. J Cell Mol Med. 2010;
14: 457-487.

8. Jetto CT, Nambiar A, Manjithaya R. Mitophagy and neurodegeneration: Between the knowns
and the unknowns. Front Cell Dev Biol. 2022; 10: 837337.

9. Luca M, Luca A, Calandra C. The role of oxidative damage in the pathogenesis and progression
of Alzheimer’s disease and vascular dementia. Oxid Med Cell Longev. 2015; 2015: 504678.

10. Basha FH, Waseem M, Srinivasan H. Promising action of cannabinoids on ER stress-mediated
neurodegeneration: An in silico investigation. J Environ Pathol Toxicol Oncol. 2022; 41: 39-54.

11. Kovacs GG. Molecular pathology of neurodegenerative diseases: Principles and practice. J Clin
Pathol. 2019; 72: 725-735.

12. Santiago JA, Bottero V, Potashkin JA. Dissecting the molecular mechanisms of
neurodegenerative diseases through network biology. Front Aging Neurosci. 2017; 9: 166.

13. Quintanilla RA, Tapia-Monsalves C, Vergara EH, Pérez MJ, Aranguiz A. Truncated tau induces
mitochondrial transport failure through the impairment of TRAK2 protein and bioenergetics
decline in neuronal cells. Front Cell Neurosci. 2020; 14: 175.

14. Zorova LD, Popkov VA, Plotnikov EY, Silachev DN, Pevzner IB, Jankauskas SS, et al. Mitochondrial
membrane potential. Anal Biochem. 2018; 552: 50-59.

15. Wilkins HM, Troutwine BR, Menta BW, Manley SJ, Strope TA, Lysaker CR, et al. Mitochondrial
membrane potential influences amyloid-B protein precursor localization and amyloid-p
secretion. J Alzheimers Dis. 2022; 85: 381-394.

16. Bartolome F, Carro E, Alquezar C. Oxidative stress in tauopathies: From cause to therapy.
Antioxidants. 2022; 11: 1421.

17. McCann H, Stevens CH, Cartwright H, Halliday GM. a-Synucleinopathy phenotypes. Park Relat
Disord. 2014; 20: S62-S67.

Page 14/18


https://www.nia.nih.gov/health/what-alzheimers-disease

Recent Progress in Nutrition 2026; 6(2), doi:10.21926/rpn.2602008

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Coon EA, Low PA. Pure autonomic failure without alpha-synuclein pathology: An evolving
understanding of a heterogeneous disease. Clin AutonRes. 2017; 27: 67-68.

Kaufmann H, Goldstein DS. Pure autonomic failure: A restricted Lewy body synucleinopathy or
early Parkinson disease? Neurology. 2010; 74: 536-537.

Chelban V, Vichayanrat E, Schottlaende L, lodice V, Houlden H. Autonomic dysfunction in
genetic forms of synucleinopathies. Mov Disord. 2018; 33: 359-371.

da Silva CP, Abreu GD, Acero PH, Junior MC, Pereira JS, Ramos SR, et al. Clinical profiles
associated with LRRK2 and GBA mutations in Brazilians with Parkinson’s disease. J Neurol Sci.
2017; 381: 160-164.

Mendoza-Veldsquez JJ, Flores-Vazquez JF, Barrdon-Velazquez E, Sosa-Ortiz AL, llligens BM,
Siepmann T. Autonomic dysfunction in a-synucleinopathies. Front Neurol. 2019; 10: 363.
Goldstein DS, Holmes C, Sharabi Y, Brentzel S, Eisenhofer G. Plasma levels of catechols and
metanephrines in neurogenic orthostatic hypotension. Neurology. 2003; 60: 1327-1332.
Garutti M, Nevola G, Mazzeo R, Cucciniello L, Totaro F, Bertuzzi CA, et al. The impact of cereal
grain composition on the health and disease outcomes. Front Nutr. 2022; 9: 888974.

Jan N, Hussain SZ, Naseer B, Bhat TA. Amaranth and quinoa as potential nutraceuticals: A review
of anti-nutritional factors, health benefits and their applications in food, medicinal and
cosmetic sectors. Food Chem X. 2023; 18: 100687.

Bekkering CS, Tian L. Thinking outside of the cereal box: Breeding underutilized (pseudo) cereals
for improved human nutrition. Front Genet. 2019; 10: 1289.

Janssen F, Pauly A, Rombouts |, Jansens KJ, Deleu LJ, Delcour JA. Proteins of amaranth
(Amaranthus spp.), buckwheat (Fagopyrum spp.), and quinoa (Chenopodium spp.): A food
science and technology perspective. Compr Rev Food Sci Food Saf. 2017; 16: 39-58.

Vajdovich DK, Csajbokné Csobod E, Benedek C. Pseudocereal-based functional beverages: Main
properties and nutritional evaluation with an emphasis on amino acid content: A review. Foods.
2025; 14: 2080.

Pirzadah TB, Malik B. Pseudocereals as super foods of 21st century: Recent technological
interventions. J Agric Food Res. 2020; 2: 100052.

Singh M, Malhotra N, Sharma K. Buckwheat (Fagopyrum sp.) genetic resources: What can they
contribute towards nutritional security of changing world? Genet Resour Crop Evol. 2020; 67:
1639-1658.

Nandan A, Koirala P, Tripathi AD, Vikranta U, Shah K, Gupta AJ, et al. Nutritional and functional
perspectives of pseudocereals. Food Chem. 2024; 448: 139072.

Shahbaz M, Raza N, Islam M, Imran M, Ahmad |, Meyyazhagan A, et al. The nutraceutical
properties and health benefits of pseudocereals: A comprehensive treatise. Crit Rev Food Sci
Nutr. 2023; 63: 10217-10229.

Sattar M, Saeed F, Afzaal M, Rasheed A, Asif A, Sharif S, et al. An overview of the nutritional and
therapeutic properties of amaranth. Int J Food Prop. 2024; 27: 263-272.

Manoharan R, Asthana S, Somanathan Nair C, Gokhale T, Nishanth D, Jaleel A, et al. Exploring
the hidden treasure in arid regions: Pseudocereals as sustainable, climate-resilient crops for
food security. Front Plant Sci. 2025; 16: 1662267.

Gautam K, Khedkar R. Amaranthus: Biology, functional potential and sustainable utilization:
Pseudo millets. In: Millets: The multi-cereal paradigm for food sustainability. Cham: Springer
Nature Switzerland; 2024. pp. 177-231.

Page 15/18



Recent Progress in Nutrition 2026; 6(2), doi:10.21926/rpn.2602008

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

49.

50.

51.

52.

Wang X, Qi Y, Zheng H. Dietary polyphenol, gut microbiota, and health benefits. Antioxidants.
2022; 11:1212.

Khan J, Gul P, Rashid MT, Li Q, Liu K. Composition of whole grain dietary fiber and phenolics and
their impact on markers of inflammation. Nutrients. 2024; 16: 1047.

Khan J, Khan MZ, Ma Y, Meng Y, Mushtaq A, Shen Q, et al. Overview of the composition of
whole grains’ phenolic acids and dietary fibre and their effect on chronic non-communicable
diseases. Int J Environ Res Public Health. 2022; 19: 3042.

Maksimovi¢ T, Gdddu C, Antal G, Coban M, Esanu O, Atyim E, et al. Polyphenol-based
therapeutic strategies for mitochondrial dysfunction in aging. Biomolecules. 2025; 15: 1116.
Wei X, Wang J, Wang Y, Zhao Y, Long Y, Tan B, et al. Dietary fiber and polyphenols from whole
grains: Effects on the gut and health improvements. Food Funct. 2024; 15: 4682-4702.

Naomi R, Yazid MD, Teoh SH, Balan SS, Shariff H, Kumar J, et al. Dietary polyphenols as a
protection against cognitive decline: Evidence from animal experiments; mechanisms and
limitations. Antioxidants. 2023; 12: 1054.

Guan, LiL, Yang R, LuY, Tang J. Targeting mitochondria with natural polyphenols for treating
neurodegenerative diseases: A comprehensive scoping review from oxidative stress
perspective. J Transl Med. 2025; 23: 572.

Chodari L, Dilsiz Aytemir M, Vahedi P, Alipour M, Vahed SZ, Khatibi SM, et al. Targeting
mitochondrial biogenesis with polyphenol compounds. Oxid Med Cell Longev. 2021; 2021:
4946711.

Cicero AF, Ruscica M, Banach M. Resveratrol and cognitive decline: A clinician perspective. Arch
Med Sci. 2019; 15: 936-943.

Shindler KS, Ventura E, Dutt M, Elliott P, Fitzgerald DC, Rostami A. Oral resveratrol reduces
neuronal damage in a model of multiple sclerosis. ] Neuro Ophthalmol. 2010; 30: 328-339.

Jin F, Wu Q, Lu YF, Gong QH, Shi JS. Neuroprotective effect of resveratrol on 6-OHDA-induced
Parkinson’s disease in rats. Eur J Pharmacol. 2008; 600: 78-82.

Meng T, Xiao D, Muhammed A, Deng J, Chen L, He J. Anti-inflammatory action and mechanisms
of resveratrol. Molecules. 2021; 26: 229.

Vauzour D. Dietary polyphenols as modulators of brain functions: Biological actions and
molecular mechanisms underpinning their beneficial effects. Oxid Med Cell Longev. 2012; 2012:
914273.

Li Q, Yang H, Song S, Liu J, Wang Z, Wang J. Bioactive components in whole grains for the
regulation of skeletal muscle function. Foods. 2022; 11: 2752.

Majzoobi M, Wang Z, Teimouri S, Pematilleke N, Brennan CS, Farahnaky A. Unlocking the
potential of sprouted cereals, pseudocereals, and pulses in combating malnutrition. Foods.
2023; 12:3901.

Poshadri A, Deshpande HW, Kshirsagar RB. Pseudocereals: Development of functional foods,
their properties, challenges, and opportunities in food processing industry. Int Food Res J. 2024;
31: 266-275.

Gomes TM, Sousa P, Campos C, Perestrelo R, Camara JS. Secondary bioactive metabolites from
foods of plant origin as theravention agents against neurodegenerative disorders. Foods. 2024;
13:2289.

Page 16/18



Recent Progress in Nutrition 2026; 6(2), doi:10.21926/rpn.2602008

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Szulc A, Wiséniewska K, Zabinska M, Gaffke L, Szota M, Olendzka Z, et al. Effectiveness of
flavonoid-rich diet in alleviating symptoms of neurodegenerative diseases. Foods. 2024; 13:
1931.

Najera-Maldonado JM, Salazar R, Alvarez-Fitz P, Acevedo-Quiroz M, Flores-Alfaro E, Hernandez-
Sotelo D, et al. Phenolic compounds of therapeutic interest in neuroprotection. J Xenobiot.
2024; 14: 227-246.

Abduljawad AA, Elawad MA, Elkhalifa ME, Ahmed A, Hamdoon AA, Salim LH, et al. Alzheimer’s
disease as a major public health concern: Role of dietary saponins in mitigating
neurodegenerative disorders and their underlying mechanisms. Molecules. 2022; 27: 6804.
Dong L, Li Y, Chen Q, Liu Y, Wu Z, Pan D, et al. Cereal polyphenols inhibition mechanisms on
advanced glycation end products and regulation on type 2 diabetes. Crit Rev Food Sci Nutr.
2024; 64: 9495-9513.

Fuy, JiaY, SunY, Liu X, Yi J, Cai S. Dietary flavonoids alleviate inflammation and vascular
endothelial barrier dysfunction induced by advanced glycation end products in vitro. Nutrients.
2022; 14:1026.

Chociej P, Foss K, Jabtonska M, Ustarbowska M, Sawicki T. The profile and content of
polyphenolic compounds and antioxidant and anti-glycation properties of root extracts of
selected medicinal herbs. Plant Foods Hum Nutr. 2024; 79: 468-473.

Wang X, Ma Y, Xu Q, Shikov AN, Pozharitskaya ON, Flisyuk EV, et al. Flavonoids and saponins:
What have we got or missed? Phytomedicine. 2023; 109: 154580.

Mutha RE, Tatiya AU, Surana SJ. Flavonoids as natural phenolic compounds and their role in
therapeutics: An overview. Future J Pharm Sci. 2021; 7: 25.

Lee YY, Wang M, Son Y, Yang EJ, Kang MS, Kim HJ, et al. Oat extract avenanthramide-C reverses
hippocampal long-term potentiation decline in Tg2576 mice. Molecules. 2021; 26: 6105.
Wankhede NL, Kale MB, Bawankule AK, Aglawe MM, Taksande BG, Trivedi RV, et al. Overview
on the polyphenol avenanthramide in oats (Avena sativa Linn.) as regulators of PI3K signaling
in the management of neurodegenerative diseases. Nutrients. 2023; 15: 3751.

Wong RH, Howe PR, Bryan J, Coates AM, Buckley JD, Berry NM. Chronic effects of a wild green
oat extract supplementation on cognitive performance in older adults: A randomised, double-
blind, placebo-controlled, crossover trial. Nutrients. 2012; 4: 331-342.

Rafique H, Hu X, Ren T, Dong R, Aadil RM, Zou L, et al. Characterization and exploration of the
neuroprotective potential of oat-protein-derived peptides in PC12 cells and scopolamine-
treated zebrafish. Nutrients. 2023; 16: 117.

Terreros G, Pérez MA, Mufioz-LLancao P, D’Espessailles A, Martinez EA, Dagnino-Subiabre A.
The neuroprotective role of quinoa (Chenopodium quinoa, Wild) supplementation in
hippocampal morphology and memory of adolescent stressed rats. Nutrients. 2024; 16: 381.
Barrientos MS, Poetini MR, Fernandes EJ, Meichtry LB, Musachio EA, Araujo SM, et al. Quinoa
extract restored behavioral damage and neurotoxicity induced by a Parkinson’s disease-like
model in Drosophila melanogaster. Metab Brain Dis. 2025; 40: 214.

Bayo Jimenez MT, Rivas-Garcia L, Sdnchez-Gonzdlez C, Grosso G, Lipari V, Vera-Ramirez L, et al.
Natural products in Alzheimer’s disease: A systematic review of clinical trials and underlying
molecular mechanisms. Int J Mol Sci. 2025; 26: 10631.

Kreft M. Buckwheat phenolic metabolites in health and disease. Nutr Res Rev. 2016; 29: 30-39.

Page 17/18



Recent Progress in Nutrition 2026; 6(2), doi:10.21926/rpn.2602008

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Xie X, Lin M, Xiao G, Liu H, Wang F, Liu D, et al. Phenolic amides (avenanthramides) in oats—An
update review. Bioengineered. 2024; 15: 2305029.

Malek Mahdavi A, Javadivala Z, Khalili Y, Khalili M. Effects of Quinoa (Chenopodium quinoa) on
inflammatory mediators: A systematic review of preclinical studies. Inflammopharmacology.
2023; 31: 241-251.

Kumar A, Saranyadevi S, Thirumalaisamy SK, Dapana Durage TT, Jaiswal SG, Kavitake D, et al.
Phenolic acids in fermented foods: Microbial biotransformation, antioxidant mechanisms, and
functional health implications. Front MolBiosci. 2025; 12: 1678673.

Li H, Zhu F, Li G. Beverages developed from pseudocereals (quinoa, buckwheat, and amaranth):
Nutritional and functional properties. Compr Rev Food Sci Food Saf. 2025; 24: e70081.

Zhang L, Marfil-Sanchez A, Kuo TH, Seelbinder B, van Dam L, Depetris-Chauvin A, et al. Gut
microbiome-mediated transformation of dietary phytonutrients is associated with health
outcomes. Nat Microbiol. 2026; 11: 94-110.

Carecho R, Carregosa D, Dos Santos CN. Low molecular weight (poly) phenol metabolites across
the blood-brain barrier: The underexplored journey. Brain Plast. 2020; 6: 193-214.

Gebauer L, Jensen O, Rafehi M, Brockmoller J. Stereoselectivity in cell uptake by SLC22 organic
cation transporters 1, 2, and 3. J Med Chem. 2023; 66: 15990-16001.

Jalouli M, Rahman MA, Biswas P, Rahman H, Harrath AH, Lee IS, et al. Targeting natural
antioxidant polyphenols to protect neuroinflammation and neurodegenerative diseases: A
comprehensive review. Front Pharmacol. 2025; 16: 1492517.

De D, Sutradhar S, Dey S, Hazra A, Mukherjee S, Kumar A, et al. BBB permeability and cytotoxic
profiles of tea phytoconstituents via nanoliposomes. ACS Omega. 2026; 11: 12979-12991.
Kocsis AE, Kucsapszky N, Santa-Maria AR, Hunyadi A, Deli MA, Walter FR. Much more than
nutrients: The protective effects of nutraceuticals on the blood-brain barrier in diseases.
Nutrients. 2025; 17: 766.

Wengreen H, Nelson C, Munger RG, Corcoran C. Prospective study of ready-to-eat breakfast
cereal consumption and cognitive decline among elderly men and women. J Nutr Health Aging.
2011; 15: 202-207.

Ross AB, Shertukde SP, Staffier KL, Chung M, Jacques PF, McKeown NM. The relationship
between whole-grain intake and measures of cognitive decline, mood, and anxiety—A
systematic review. Adv Nutr. 2023; 14: 652-670.

Nogueira-de-Almeida CA, Gutiérrez CA, Ramos LR, Katz M, Gonzalez MM, Angel Badillo B, et al.
Role of micronutrient supplementation in promoting cognitive healthy aging in Latin America:
Evidence-based consensus statement. Nutrients. 2025; 17: 2545.

Carrillo JA, Arcusa R, Xandri-Martinez R, Cerda B, Zafrilla P, Marhuenda J. Impact of polyphenol-
rich nutraceuticals on cognitive function and neuroprotective biomarkers: A randomized,
double-blind, placebo-controlled clinical trial. Nutrients. 2025; 17: 601.

Fiore M, Terracina S, Ferraguti G. Brain neurotrophins and plant polyphenols: A powerful
connection. Molecules. 2025; 30: 2657.

Vijayaram S, Mahendran K, Razafindralambo H, Ringg E, Kannan S, Sun YZ. Probiotics, gut
microbiota, and brain health: Exploring therapeutic pathways. AIMS Microbiol. 2025; 11: 501-
541.

Hitache Z, Al-Dalali S, Pei H, Cao X. Review of the health benefits of cereals and pseudocereals
on human gut microbiota. Food Bioprocess Technol. 2023; 16: 2382-2399.

Page 18/18



