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ABSTRACT

Alzheimer’s disease as a neurodegenerative disorder is the most common reason of dementia.
This disease is associated with many problems, including the inability to perform daily life
activities and mood changes. The disease is defined by neuropathological signs including
intracellular neurofibrillary tangles and extracellular amyloid beta plagues. Oxidative stress
plays an important role in neurological diseases such as Alzheimer’s, which can change the
signaling pathways and change the function of the tau protein. Since there are many sources of
reactive oxygen species in neurons, these cells create a system of antioxidant defense to protect
themselves from free radical damage. Disruption of this antioxidant defense can make nerve cells
vulnerable to oxidative damage. Natural compounds that have antioxidant properties can largely
protect cells against these oxidative damages. One of these compounds is gallic acid, which is a
phenolic compound and has a very strong antioxidant activity. This compound is found in plants
such as oak bark, tea leaves, sumac, grapes, coriander, honey, berries, pomegranate, mango, and
other fruits and vegetables. Gallic acid inhibits the accumulation of beta-amyloid plaques and
reduces neurotoxicity, which prevents neurotoxicity and oxidative damage.

The aim of this study is to review the effect of gallic acid as a plant polyphenol compound on
oxidative stress induced in Alzheimer’s neurodegenerative disease.
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INTRODUCTION

Alzheimer’s disease (AD) as a neurodegenera-
tive disorder is the most prevalent reason of de-
mentia. Neuropathologically, the disease is defined
by the combined presence of extracellular amyloid
beta (AP) plaques and intracellular neurofibrillary
tangles. Amyloid beta plaques are deposited in the
brain and the intracellular neurofibrillary com-
posed of phosphorylated tau protein is shown ex-

cessively and abnormally. As a result of these path-
ways, synaptic- and neuro-toxicity occurs, leading
to neuron loss and eventually brain atrophy [Mur-
phy M, LeVine H, 2010; Chen X, Mobley W, 2019].
Alzheimer’s disease is associated with neurode-
generation in brain areas involved in cognition
such as the hippocampus, and entorhinal cortex,
and brain areas involved in emotional behaviors
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such as the amygdala, prefrontal cortex, and hypo-
thalamus [Rao Y et al., 2022]. Therefore, the onset
of this disorder is associated with the loss of epi-
sodic memory, and with the progress of the disease
and the transition to the stage of dementia, in addi-
tion to memory deterioration, more severe symp-
toms appear [Tarawneh R, Holtzman D, 2012;
Jahn H, 2013]. Also, language disorders, problem-
solving, finding words, mood swings, reduced vi-
sion, and other cognitive skills are also symptoms
of this disease that affect a person’s life [Atri A,
2019]. The factors leading to the onset and uncon-
trolled progression of AD are not well understood
to date. Alzheimer’s disease is the result of a com-
plex interaction between genetic and environmen-
tal factors [Frisoni G et al., 2022].

Examination of the brains of people with AD
has reported a large amount of oxidative damage.
Under normal conditions, damage caused by reac-
tive oxygen species is controlled by a set of anti-
oxidant systems. During pathological conditions,
the balance of oxidant versus antioxidant changes
and oxidative stress occurs, which causes the pro-
duction of reactive oxygen species to exceed the
antioxidant capacity of the cell [Su B et al., 2008;
Tonnies E, Trushina E, 2017]. Oxidative stress
plays an important role in neurological diseases
such as AD, which can change the signaling path-
ways and change the function of the tau protein [Su
B et al., 2008]. Neurons are highly dependent on
reactions of oxidative phosphorylation in mito-
chondria to produce sources of energy. Their mem-
branes comprise high concentrations of polyunsat-
urated fatty acids, which could act as substrates for
reactions of lipid peroxidation. High concentra-
tions of iron in its ion, which could catalyze the
production of free radical, and lower glutathione
concentrations, an endogenous antioxidant, make
neurons highly vulnerable to free radical attack.
Since exist several sources of reactive oxygen spe-
cies in neuronal cells, these cells develop a system
of antioxidant defense to keep themselves from
free radical damage. This system comprises of en-
zymatic antioxidants including catalase, glutathi-
one peroxidase, superoxide dismutase, non-enzy-
matic antioxidants such as glutathione, which bal-

ance the physiological reactive oxygen species
(ROS) production with detoxification [Ayala A et
al., 2014; Ademowo O et al., 2017; lonescu-Tucker
A, Cotman C, 2021].

Gallic acid or 3,4,5-trihydroxybenzoic acid as
a phenolic complex has very robust antioxidant
activity. This compound could be found both free
and as part of hydrolysable tannins. The men-
tioned complex is broadly found in grapes, ap-
ples, green tea, black tea leaves, pineapples,
pomegranates, nuts, and berries, and is presented
in free form or as an ester compound. Gallic acid
could ameliorate health of human through pre-
vention or delaying of neurological disorders.
This compound has strong antioxidant properties
and ROS scavenging activities and can protect
cells, tissues, and biological organs from damage
caused by oxidative stress. Gallic acid is efficient
vs. disorders related to nervous system such as
Parkinson’s disease, Alzheimer’s disease, stroke,
depression, and anxiety. Therefore, gallic acid
could be considered as a worth nutritional com-
pound [Daglia M et al., 2014; Shabani S et al.,
2020; Wianowska D, Olszowy-Tomczyk M, 2023].
Based on the available evidence, gallic acid re-
duces the toxicity caused by AP in mouse neurons
by preventing the release of Ca2+ from the endo-
plasmic reticulum into the cytoplasm and pre-
venting the production of ROS and apoptosis. By
elimination of ROS, inhibition of lipid peroxida-
tion, and stimulation of the action of endogenous
antioxidant factors, including superoxide dis-
mutase, glutathione peroxidase, and catalase, this
compound restores cerebellar oxidative stress and
cognitive impairment caused by streptozotocin in
mice. Also, in mice, gallic acid could reverse am-
nesia induced by scopolamine, possibly by pre-
venting oxidative stress and reducing the activity
of acetylcholinesterase enzyme in the brain
[Ogunlade B et al., 2022; Varesi A et al., 2023].

The aim of this study is to review the effect of
gallic acid as a plant polyphenol compound on ox-
idative stress induced in Alzheimer’s neurodegen-
erative disease.

Alzheimer’s disease: Alzheimer’s disease is a
progressive neurodegenerative disorder, which is
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caused by the death of nerve cells, especially in the
entorhinal cortex in the hippocampus. This neuro-
logical disorder usually affects people over 65 years
old due to disorders in speech, memory, understand-
ing, attention, judgment, and reasoning [DeTure M,
Dickson D, 2019; Cummings J, 2021]. According to
the level of cognitive impairment, this disorder is
categorized into preclinical, mild, moderate, and
late stages. Onset before age 65 (early onset) is un-
common and occurs in less than 10% of AD cases.
An estimated 40 million people worldwide suffer
from dementia, and this ratio is anticipated to be
twice till 2050 [Arvanitakis Z et al., 2019]. The clin-
ical stages of AD could be categorized into 4 stages.
1) Pre-symptomatic or pre-clinical phase: which
could last numerous years. This phase is defined by
loss of short-term memory and primary pathological
alterations in the hippocampus and cortex, without
functional damage in routine works and the lack of
clinical symptoms of AD. 2) Mild or initial phase: in
which several signs exist in patients, including
problems in the patient’s daily life with the loss of
focus and memory and changes in mood and depres-
sion. 3) Intermediate phase: in which the disorder
extents to the areas of the cerebral cortex, which
leads to increased loss of memory with difficulty in
knowing friends and family, and difficulty in speak-
ing, writing, and reading. 4) Severe AD: this in-
cludes the extent of the disorder to the whole area of
the cerebral cortex with the intense accumulation of
neural plaques and neurofibrillary tangles, which
leads to an advanced functional and cognitive disor-
der in which cases could not know their family in
any way. In the final stages, the patient faces diffi-
culty in swallowing food and excreting urine which
eventually leads to death [Caselli R, Reiman E,
2013; Dubois B et al., 2016; Vermunt L et al., 2019].

Etiology and neuropathology of Alzheimer’s
disease: Aging is the main risk factor for AD. De-
pression, traumatic head injury, old age of parents,
family history of dementia, elevated homocysteine
level and existence of allele of APOE-e4, chronic
infections of the central nervous system, cardio-
vascular and cerebrovascular disorder, obesity and
diabetes increase the AD risk. People who have a
brother or sister with late-onset of AD are 3 times

more likely to develop AD than others [Kalaria R
et al., 2008; Dams-O’Connor K et al., 2016]. En-
vironmental factors such as smoking, air pollution,
diet, and various metals can also increase the risk
of developing AD [Chin-Chan M et al., 2015; An-
toniadou F et al., 2020].

There are two kinds of neuropathological al-
terations in AD that offer evidence of disorder
progression and signs, including 1) positive le-
sions characterized by the accumulation of neuro-
fibrillary tangles, amyloid plaques, and dystro-
phic neurites; 2) negative lesions characterized
by brain atrophy due to the loss of neurons, neu-
ropil, and synapses. In addition, other factors in-
cluding oxidative stress, neuroinflammation, and
cholinergic neuron damage can cause neurode-
generation. Two important indicators for the di-
agnosis of AD are the accumulation of extracel-
lular deposits of amyloid B plaque and neurofi-
brillary tangles of tau protein. Amyloid precursor
protein (APP) as a membrane glycoprotein type 1
is produced in the endoplasmic reticulum and
then is carried to the Golgi apparatus and finally
located in the plasma membrane. This substance
has a key role in a wide series of biological ac-
tions such as intracellular transport, neuronal
growth, signaling, and neural homeostasis. Ma-
ture APP degrades after some time like all pro-
teins [Serrano-Pozo A et al., 2011; DeTure M,
Dickson D, 2019]. According to figure 1, there
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Non-amyloidogenic pathway Amyloidogenic pathway
Freure 1. Non-amyloidogenic and amyloidogenic path-
ways of amyloid precursor protein processing. In the
non-amyloidogenic pathway, amyloid precursor protein
is cleaved by a-secretases in a sequential manner, lead-
ing to the production of correct fragments by cleaving at
the appropriate site. Amyloidogenic pathway involves
sequential actions of B- and y-secretases. This processing
pathway results in the formation of p-amyloid peptides
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are two ways to break it down, named amyloido-
genic and non-amyloidogenic. In the normal state
(non-amyloidogenic pathway) and in the plasma
membrane, by the sequential activity of
a-secretase and y-secretase, APP is cut from the
appropriate place and becomes soluble pieces.
But in AD (amyloidogenic pathway), inappropri-
ate APP cleavage by B-secretase (the enzyme that
breaks down the amyloid precursor protein, in
amyloid beta), followed by y-secretase cleavage,
leads to the formation of toxic AB. Amyloid beta
has a main role in neurotoxicity and neuronal
function. Newly produced AP is either released
into the extracellular region or deposited in con-
nection with the plasmalemma and lipid struc-
tures of different brain regions, especially the
hippocampus, and neocortex, and through its neu-
rotoxic effects, it causes the development of AD
[Lichtenthaler S, Haass C, 2004; Castro M et al.,
2019; Carare R et al., 2020].

Tau is a hydrophilic protein encoded by the mi-
crotubule-associated protein tau gene on chromo-
some 17 [Strang K et al., 2019]. Tau proteins are
very important for the physiological function of
neurons, as they are responsible for microtubule
polymerization, microtubule stabilization, and fa-
cilitating the transport of organelles and enzymes
along the cytoskeleton. Tau is usually found in the
cytosol and axon of neurons and has the ability to
stabilize neuronal microtubules and is expressed in
the central nervous system [Mietelska-Porowska A
et al., 2014]. In normal physiological conditions,
this protein is moderately phosphorylated, while in
an abnormal condition, it is hyperphosphorylated
and causes more accumulation of tau molecules in
the vicinity of neurons [Gong C, Igbal K, 2008;
Rajmohan R, Reddy P, 2017]. These accumulated
tau proteins eventually turn into neurofibrillary
tangles and lead to neurodegenerative disorders
such as AD. The reduced affinity of tau for micro-
tubules contributes to neurotoxicity. The role of
tau in microtubule stabilization and cytoskeleton
strength and increased axonal transmission is un-
deniable. If this protein is destroyed, the cellular
skeleton loses its strength, the signaling pathway is
destroyed, and then the nerve cell is destroyed

[Medeiros R et al., 2011; Sinsky J et al., 2021].

Oxidative stress and Alzheimer’s disease: OXi-
dative stress is caused by an imbalance between
the accumulation of ROS and its production, which
acts as a double-edged sword in biological sys-
tems. In fact, in the state of oxidative stress, the
imbalance in the redox condition causes excessive
production of ROS and disrupts the functioning of
the antioxidant system [Sharifi-Rad M et al.,
2020]. The increase in ROS level is associated
with oxidative damage of different cell parts. For
instance, functional and structural disturbances of
membrane-associated macromolecules including
proteins and lipids have been observed in numer-
ous parts of the brain in response to damage re-
lated to ROS. Oxidative stress related to AD also
leads to changes in DNA structure with extensive
oxidative damage to nucleic acids. Also, AP and
Tau are affected by oxidative stress and play an
important role in AD pathology through neurotox-
icity and mitochondrial dysfunction [Nita M, Grzy-
bowski A, 2016; Juan C et al., 2021]. The brain is
exposed to oxidative damage due to high oxygen
consumption, very low antioxidant levels, in-
creased levels of unsaturated fatty acids, etc. ROS
have been shown to cause cellular damage in aging
and neurological disorders. Indeed, ROS-induced
AP protein accumulation in AD causes lysosomal
membrane degradation and ultimately contributes
to neuronal death [Garbarino V et al., 2015]. Re-
active oxygen species formation is significantly
elevated via the electron transport system in mito-
chondria in aging and stressful situations, and
when no effective antioxidant system is accessible,
it causes the AD risk. Mitochondria act as a source
of toxic ROS, and therefore dysfunction of mito-
chondria and oxidative stress are main in neurode-
generative diseases, especially AD [Dai D et al.,
2014; Huang W et al., 2016].

Antioxidant compounds: Antioxidants are
compounds that prevent or delay the oxidation of
oxidizable substrates in cell. Different antioxidants
apply their influences via scavenging ROS. Oxida-
tion prevention is an essential process in all organ-
isms and cells, because the reduction of antioxi-
dant protection might result in cell apoptosis, cyto-
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toxicity, mutagenesis, or carcinogenesis. The ap-
plication of antioxidant complexes in the diet as a
kind of treatment for these disorders is suitable,
but it is limited due to the difficulties in reaching
the appropriate level in the brain. Antioxidants
with natural origin such as polyphenols exert neu-
roprotective influences by interacting with transi-
tion metals, scavenging free radicals, modulating
enzyme activity, and affecting gene expression and
intracellular signaling pathways [Matés J, 2000;
Lobo V et al.,, 2010]. Diets rich in antioxidants
have a key protective role vs. several pathologies.
Fruits and vegetables are the main sources of these
molecules and are correlated with lower risk of
heart disease, malignancy, neurological disease,
and stroke. These diseases are difficult to treat
with synthetic complexes because of their capabil-
ity to origin cancer and cytotoxicity. Then, treat-
ment with natural antioxidants including polyphe-
nols in food supplements or diet has developed a
good alternative [Knasmdller S et al., 2008].
Polyphenols: Polyphenols are secondary me-
tabolites created by higher plants that have several
main roles in physiology of plant and have possi-
ble health features in human organisms. They are
chiefly known as antioxidant, anti-allergenic, anti-
inflammatory, anti-cancer, anti-hypertensive, and
anti-microbial. Their key food sources are fruits
and herbal drinks including juice, tea, and coffee.
Other foods such as vegetables, grains, chocolate,
and dry beans also play a role in polyphenol ab-
sorption. Most likely, cells respond to polyphenols
chiefly via direct interaction with enzymes or re-
ceptors involved in signal transduction, which
might lead to a change in oxidation state and also
trigger a sequences of redox responses [Pandey K,
Rizvi S, 2009; Daglia M, 2012]. In terms of chemi-
cal structure, many diverse molecules are formed
with polyphenol structures and are classified into
two categories, non-flavonoids and flavonoids.
The oxidation condition of the central pyran ring
of polyphenols, flavonoids could be divided into
several groups such as anthocyanidins, flavones,
flavonols, flavanols, as well as isoflavones. Non-
flavonoid groups are phenolic acids, which can be
categorized into derivatives of benzoic acid, gallic

acid and protocatechuic acid, and derivatives of
cinnamic acid, which are mainly composed of cou-
maric, caffeic acid, and ferulic acids [Pandey K,
Rizvi S, 2009; Mutha R et al., 2021].

Gallic acid: Gallic acid or 3,4,5-trihydroxyben-
zoic acid and their derivatives are biologically ac-
tive complexes that are broadly found in plants.
Gallic acid is one of the chelating units that cause
the formation of highly stable complexes with fer-
rous iron [Fernandes F, Salgado H, 2016]. Gallic
acid is stable over a wide range of pH. The produc-
tion of ester and amide bonds of synthetic gallic
acid derivatives is to increase the antioxidant qual-
ity of Gallovil group [Queiroz M et al., 2019]. Gal-
lic acid can be produced by acid, alkaline, and enzy-
matic hydrolysis, and used as a strong antioxidant in
emulsion or lipid systems [Choubey S et al., 2018].
High amounts of hydroxyl group cause high anti-
oxidant activity as hydrogen and electron donating
units. Gallic acid is available in both free and ester
forms and in salt forms. The salt form of gallic acid
is called gallate and is part of the ellagitannin tannin
structure, which includes hydrolyzable tannin [da
Rosa C et al., 2013]. Gallic acid is unstable at high
temperatures and in the existence of light and oxy-
gen. The encapsulation of gallic acid causes the du-
rability and biological activity of this compound.
The degree of protection obtained by encapsulation
is determined by the choice of encapsulation method
[Quiles-Carrillo L et al., 2019].

Free radicals that arise during cell metabolism
cause many disorders including cardiovascular dis-
eases, neurological diseases, cancer, diabetes, and
osteoporosis. Gallate esters are antioxidant units
against hydroxyl radicals, azide, and superoxide
radicals and prevent atherosclerosis [Pham-Huy L et
al., 2008]. Cell membranes are one of the target
sites for free radicals. The participation of gallic
acid with phospholipids in organic solutions im-
proves the antioxidant potential of gallic acid by in-
creasing its biological availability [Badhani B et al.,
2015]. Gallic acid stops the production of muta-
genic compounds. Active oxygen species and active
nitrogen species play an essential role in stimulating
and initiating the process of nephron toxicity and
kidney damage. Natural antioxidants such as gallic
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acid can eliminate these effects in the kidneys. Gal-
lic acid prevents the toxicity of nephron cells by
free radicals via neutralizing them. The protective
effect of gallic acid on the nephron is related to the
neutralizing potential of nitric acid and the neutral-
izing effect of hydroxyl radicals [Ratliff B et al.,
2016; Ashkar F et al., 2022]. Antioxidants act not
only as antioxidants but also as moderators of in-
flammation symptoms. Many studies on the rela-
tionship between antioxidant and anti-inflammatory
activity have suggested that polyphenols can reduce
inflammation by a number of reduction mechanisms
including superoxide anion scavenging. Polyphe-
nols are also effective in the treatment of neurologi-
cal diseases. In fact, polyphenols neutralize free
radicals that stimulate the oxidation of lipids in the
cell membrane and cause the neuron to fail and
eventually die. Antioxidant and anti-inflammatory
molecules deal with some neuron diseases such as
Alzheimer’s and Parkinson’s [Luo J et al., 2021,
Mucha P et al., 2021].

Antioxidant properties of gallic acid in Al-
zheimer’s disease: Gallic acid can have antioxi-
dant and peroxidative properties [Gao J et al.,,
2019]. Plant polyphenols such as ferulic acid, and
caffeic acid have both antioxidant and peroxida-
tive properties [Pandey K, Rizvi S, 2009]. The abil-
ity of polyphenols to act as antioxidant and perox-
ide compounds under living and non-living sys-
tems depend on factors such as concentration,
structure, tested system and the substance to be

Brain tissue protection

& v @ T T
¢ X

Dealing with oxidative stress

vy Galic acid
@

Freure 2. Garlic acid sources and brain protection.
Garlic acid exists in many natural sources including
strawberry, pomegranate, blueberry, grape, walnut, ha-
zelnut and mango. This compound overcomes oxidative
stress and causes the preservation of brain tissue in Al-
zheimer’s disease

protected. Many antioxidants may act as peroxides
under certain conditions. This usually involves
their reaction with transition metal ions. They can
convert Fe3+ and Cu2+ into Fe2+ and Cu+. This
action provokes oxidative damage under certain
conditions. Oxidized phenols (such as quinone and
semiquinone) are formed from phenolic com-
pounds during redox reactions. It should be kept in
mind that strong antioxidants can show peroxida-
tive behavior and cause oxidative damage to cells
[Lobo V et al., 2010; Costa M et al., 2021]. For
example, gallic acid and epigallocatechin gallate
have strong antioxidant activity in the degradation
of deoxyribose during the reduction of Fe3+ to
Fe2+ [Cheng Z et al., 2003]. The antioxidant prop-
erties of gallic acid are shown in figure 2.

As mentioned, oxidative stress is responsible
for a variety of degenerative disorders, such as
AD, and gallic acid, with its antioxidant proper-
ties, reduces oxidative stress and can help reduce
Alzheimer’s symptoms [Collins A et al., 2022].
Gallic acid stabilizes the acetylation of nuclear
factor kappa B and reduces the generation of cyto-
kines in microglia and protects neurons against
Ap-induced neurotoxicity and also reduces inflam-
mation [Kim M et al., 2011]. Gallic acid reduces
the release of calcium ions and ROS in PC12 cells
[Huang H et al., 2012]. In damaged rats, memory
could be improved by oral administration of gallic
acid [Hajipour S et al., 2016]. Gallic acid has re-
ceived much attention because of its capability to
absorb ROS, including hydroxyl radicals, hydro-
gen peroxide, superoxide anions, and antitumor
activity [Le Thi P et al., 2020]. In addition, gallic
acid has neuroprotective influences vs. AP (reduc-
ing the size of AP plaques in the brain), lead ni-
trate, and sodium fluoride [Shabani S et al., 2020].
Indeed, in vitro analysis showed that gallic acid
interferes with AP1-42 aggregation and reduces
neurotoxicity, which prevents neurotoxicity and
oxidative damage [Yu M et al., 2019]. Overactivity
of the acetylcholinesterase enzyme might result in
acetylcholine deficit and impairment of memory.
Gallic acid could improve learning and memory
via reducing activity of acetylcholinesterase en-
zyme and increasing acetylcholine levels.
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CONCLUSION

Antioxidants are substances that, in low con-
centrations, can reduce or prevent the damage
caused by free radicals by absorbing and removing
them. Humans get antioxidant supplements di-
rectly from fresh fruits and vegetables. Fruits and
vegetables contain a lot of flavonoids and antioxi-
dant supplements that help protect against various
types of diseases.

In the last few decades, human lifestyle and
perspectives on nutrition are changing, and there-
fore, packaged and ready-to-eat foods are highly
welcomed. Therefore, in order to maintain human
health, there is a need for special protective agents
called antioxidants. Many plants and species such
as rosemary, thyme, oregano, sage, basil, pepper,
tea, grapes, cloves, and cinnamon contain antioxi-
dant components and transfer these properties to
the entire composition. Gallic acid and its deriva-
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