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Abstract
The disparity in the free radical generation and the production of antioxidants to counteract its effect is known as oxidative 
stress. Oxidative stress causes damage to the macromolecules such as lipids, carbohydrates, proteins, and DNA and RNA. 
The oxidative damage to the cellular components leads to a process of aging and various age-associated disorders. The lit-
erature survey for this review was done using PubMed, Google Scholar, and Science Direct. The papers showing the studies 
related to aging and age-associated disorders have been selected for reviewing this paper. Ellagic acid has been used as the 
keyword, and more emphasis has been put on papers from the last 10 years. However, some papers with significant studies 
prior to 10 years have also been considered. Almost 250 papers have been studied for reviewing this paper, and about 135 
papers have been cited. Ellagic acid (EA) is present in high quantities in pomegranate and various types of berries. It is known 
to possess the antioxidant potential and protects from the harmful effects of free radicals. Various studies have shown its 
effect to protect cardiovascular, neurodegenerative, cancer, and diabetes. The present review focuses on the protective effect 
of ellagic acid in age-associated disorders. The effect of EA has been studied in various chronic disorders but the scope of 
this review is limited to cancer, diabetes, cardiovascular and neurodegenerative disorders. All the disease aspects have not 
been addressed in this particular review.
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Introduction

The current advances in public health care and remark-
able development in the field of medicinal chemistry have 
improved the expectancy of life. The elderly population is 
continuously increasing globally. Chronic diseases such as 
diabetes, heart attack, and strokes are more common and 
usually accompanied by advancing age (Jura and Kozak 
2016). Aging is an intricate procedure that is characterized 
by the free radical species and mainly causes permanent 
oxidative injury at the cellular and molecular levels (Kharat 
et al. 2020; Maurya et al. 2016).

Free radicals are extremely reactive atoms or molecules 
which consist of an unpaired electron in their last orbit and 
are formed with the interaction of oxygen with some mol-
ecules (Losada-Barreiro and Bravo-Diaz 2017). These free 

radicals can be formed in cellular components with the loss 
or gain of a single electron and hence behaves as reductants 
or oxidants (Liguori et al. 2018). The reactive radicals and 
non-radicals derived from oxygen and nitrogen are described 
as reactive oxygen species (ROS) and reactive nitrogen spe-
cies (RNS), respectively. ROS and RNS have a critical role 
in the process of aging and the diseases associated with it 
(Sun et al. 2018; Salehi et al. 2018).

Oxidation is a type of chemical reaction in which free 
radicals are produced and these free radicals can damage the 
cells of the organisms (Neha et al. 2019). ROS is responsi-
ble for the oxidative damage of the macromolecules such 
as lipids, carbohydrates, proteins, and nucleic acid. Oxida-
tive stress is a definite state of cells in which the ROS and 
RNS are in higher numbers than the normal condition of 
the cells (Dong et al. 2021). The disparity between the oxi-
dants and the antioxidant ratio is stated as oxidative stress 
(Trueb 2021; Gessner et al. 2017). Superoxide radical  (O2

−), 
hydrogen peroxide  (H2O2), hydroxy radical  (OH•), nitric 
oxide (NO), and peroxynitrite  (ONOO−) are the reactive 
oxygen or nitrogen species that are naturally produced by 
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all the aerobic organisms (Gulcin 2020; Rizvi and Maurya 
2007). These are responsible for maintaining homeostasis 
along with the antioxidant molecules and enzymes (Unsal 
et al. 2021). Antioxidants are the molecules that negatively 
affect the oxidation reaction. The generation of ROS and 
RNS leads to increased oxidative stress in the body, which 
further is responsible for the occurrence of various chronic 
disorders.

Dietary antioxidants obtained through various fruits and 
vegetables balance the ratio of ROS and the antioxidants 
which help to reduce oxidative stress and further lower the 
occurrence of cancer, cardiovascular diseases, and aging 
(Zhou et al. 2021; Maurya and Rizvi 2009). Free radicals 
having unpaired electrons are extremely reactive. As the 
elderly population is increasing, aging has become an impor-
tant area of research (Chen et al. 2018). Chronic diseases 
are mostly caused by the state of chronic inflammation. The 
occurrence of chronic diseases demands chronic treatment. 
The drugs used for the treatment of chronic diseases are 
highly priced and are often linked with several side effects 
when consumed for a longer period of time. Hence, there is 
an increasing demand for cheaper, multi-targeted, and eas-
ily available drugs. Natural sources are more affordable and 
safer for long-term use and hence have the potential to be 
used as drugs. Studies show that over the past 25 years, 70% 
of the drugs were obtained from natural sources (Gupta et al. 
2018).

About 80% of the world’s population still relies on plant-
derived medical formulations in the field of therapeutics. 
The phytochemicals include flavonoids, sesquiterpenes, 
alkaloids, and polyphenols. These phytochemicals exhibit 
hepato-protective, chemoprotective, antioxidant, anti-inflam-
matory, antimicrobial, and anti-diabetic properties (Gupta 
et al. 2019). Polyphenols are compounds that are widely 
present as plant secondary metabolites. The naturally occur-
ring polyphenols can be classified into flavonoids, tannins, 
coumarins, stilbenes, and phenolic acids. These polyphe-
nols contribute to the high antioxidant mechanism of the 
plants (Buljeta et al. 2021). These polyphenols exhibit their 
antioxidant behavior via the reducing potential and protect 
the components of the cell from oxidative damage (Okoro 
et al. 2021; Deepika and Maurya 2022). Besides having 
nutritional values, these also serve as potential therapeutic 
molecules. The biological activities of plant polyphenols 
include free radical scavenging, transferring electrons to free 
radicals, activating the antioxidant enzymes, and improving 
oxidative damage.

Natural substances have been used in medicines since 
ancient time. These compounds are easily available and 
come with minimum side effects. Plants such as Tinospora 
cordifolia, Withania somnifera, and Mucuna pruriens exhibit 
properties to treat neurodegenerative diseases. Similar to 
EA, another bioactive compound ursolic acid (UA) found 

in Mucuna pruriens shows protective effect against Par-
kinson’s disease. Another bioactive compound chlorogenic 
acid found in the plant Withania somnifera exhibits anti-
Parkinsonian activity in mouse model (Rai et al. 2020). UA 
exhibits antioxidative, hepato-protective, anti-inflammatory 
and anticancerous properties. The study shows anti-Parkin-
sonian activity of UA against MPTP-induced mouse model 
of Parkinson’s disease (Rai et al. 2019).

EA is a naturally occurring polyphenol having strong 
antioxidant property (Wang et al. 2019b). It contains four 
hydroxyl groups and two lactone groups, and the presence 
of four hydroxyl groups attributes to the antioxidant behav-
ior of EA (Zeb 2018). EA falls under the category of plant 
polyphenol tannins. Hydrolyzable tannins, particularly 
ellagic acid, is an important constituent of certain fruits 
and berries including pomegranate, strawberry, blackberry, 
and raspberry (Shakeri et al. 2018) and grapes, persimmon, 
goji berries, and green tea (Iovine et al. 2021). Raspberries 
are known to contain the highest amount of EA (Aishwarya 
et al. 2021). EA is also present in nuts such as almonds and 
walnuts (Iflazoglu Mutlu et al. 2021). EA is present in com-
pounds with antiglycation activities which include cumin, 
apples, guava, oranges, and grapes (Raghu et al. 2017). 
Medicinal plants such as the bark of eucalyptus (Mansouri 
et al. 2020) and cloves also contain EA (Maruszewska and 
Tarasiuk 2019). Strong antioxidant activity (Kilic et al. 
2014) of EA attributes to the scavenging of free radicals. EA 
possesses antiviral and antibacterial properties and is also 
known to protect cell against apoptosis. It is also known to 
possess anticancer and anti-diabetic properties and therefore 
receives a great deal of attention. It protects the cell against 
lipid peroxidation and oxidative damage (Abdelkader et al. 
2020).

A very small part of EA is available in free form. Mostly, 
it is coupled with a glycoside moiety consisting of glucose, 
rhamnose, arabinose, or present in the form of ellagitan-
nins. EA is a very thermostable molecule, and the lipophilic 
domain of the molecule is represented by the four rings, 
and four phenolic and two lactones represent the hydrophilic 
zone (Shakeri et al. 2018). This property of EA enables its 
low solubility in water but is sparingly soluble in alcohol 
(Garcia-Nino and Zazueta 2015). This further leads to the 
difficulty in designing pharmaceutical formulations using 
EA. EA has also been reported in distilled drinks such as 
scotch whisky cognac, and rum. EA represents the property 
to heal wounds by promoting blood coagulation by activat-
ing factor XII of the intrinsic cascade (Ceci et al. 2020). 
EA is therefore considered antioxidant, anti-inflammatory 
(Murphy et al. 2020), and chemoprotective and hence used 
in edible products, cosmetics, and pharmaceuticals (Xu et al. 
2020). Some of the drawbacks of EA include its poor solu-
bility in water, limitation of oral bioavailability, and a short 
plasma half-life (Li et al. 2021b). These limitations restrict 
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EA clinical applications and its use as a potential systemic 
drug.

EA being a naturally occurring bioactive compound has 
been exploited by different researchers in different research 
areas. Its antioxidant and anti-inflammatory property lead 
to its use in various chronic disorders. The present review 
summarizes the role of EA in various age-related disorders. 
The physicochemical properties of EA have been elucidated. 
A further role of EA as an antioxidant and its preventive 
mechanism in age-related disorders have been highlighted. 
The protective effect of EA has been elucidated in the fol-
lowing sections.

Physio‑chemical properties of ellagic acid

EA is present in both free forms and complex forms as ella-
gitannins (Cheshomi et al. 2021). The naturally occurring 
polyphenol EA is present in fruits and vegetables in the form 
of extremely soluble ellagitannins (ET). After the ingestion 
of ellagitannins by humans, EA is released by the process of 
hydrolysis (Hsu et al. 2019). Gut microbiota further metabo-
lizes EA and ET to urolithin A (UA) and urolithin B (UB), 
and after consumption, these are distributed to plasma, feces, 
urine, and organs. A high level of UA and UB in plasma 
suggests its greater biological potential than the parent mol-
ecule, EA and ET (Wang et al. 2017). The chemoprotective 
and anti-inflammatory properties of urolithins have been 
derived as well (Ortenzi et al. 2021).

EA is a dimeric form of polyphenol gallic acid (Kim et al. 
2021c). EA is known to possess antioxidant, anticancer, anti-
inflammatory (Xu et al. 2021), antifibrosis (Zaazaa et al. 
2018), antimicrobial, and antimutagenic properties (Sakurai 
et al. 2022). Due to its low solubility in water and low per-
meability, it has been classified in group IV under the biop-
harmaceutical system of classification (Savic et al. 2019). 

EA occurs naturally as a phenolic compound that possesses 
antioxidant properties. It widely occurs in a number of dif-
ferent fruits and vegetables. EA is commonly found conju-
gated with glycosidic moieties such as glucose and xylose. 
The melting point of ellagic acid is 350 ℃ accounting for its 
high thermostability. EA represents a weak acid, which has 
less solubility in water and alcohol but is easily soluble in 
caustic potash (Derosa et al. 2016). EA is an odorless com-
pound. The four hydroxyl groups and two lactones present in 
EA owe to its hydrophilic moiety, and the two hydrocarbon 
rings owe to a lipophilic moiety (Kaur et al. 2021). This 
makes capable EA accept electrons from various substrates 
as well as participate in redox reactions making it a potent 
antioxidant (Rios et al. 2018). The low solubility of EA in 
water and its limited permeability interfere with its bioavail-
ability. Cyclodextrins are used to enhance the solubility of 
EA in water and hence increase its bioavailability (Sampaio 
et al. 2021) (Fig. 1).

The bioactivity of the compound is greatly altered by its 
structure. EA exhibits a planar symmetrical structure. The 
molecules of the phytochemical are bonded through hydro-
gen bonding. The low solubility of the compound restricts 
its antioxidant potential and various other activities (Li et al. 
2021a).

Owing to its various therapeutic activities, EA has a wide 
range of applications in several chronic diseases. Studies 
have been performed to check the medicinal efficacy of EA. 
These studies suggest that EA can be considered for use in 
the treatment of various age-associated diseases.

Ellagic acid and oxidative stress

The metal chelating capability, ability to scavenge free radi-
cals (Al-Ishaq et al. 2020), and the ability to induce anti-
oxidant enzyme activity of the cells are attributed to the 

Fig. 1  represents the chemical 
structure and the various activi-
ties of ellagic acid
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antioxidant properties of EA. EA has also been found to 
protect against the DNA damage of the cells caused by the 
free radicals (Gupta A et al. 2020). EA is found to decrease 
the level of Malondialdehyde (MDA), a lipid peroxidation 
byproduct, activates the activity of glutathione (GSH), and 
the activity of an antioxidant enzyme, catalase (CAT) (Aslan 
et al. 2020). The strong antioxidant property of EA prevents 
cell death, and the anti-inflammatory activity of EA helps 
to induce the proliferation of fibroblasts and increases the 
rate of wound healing process. Studies have shown that EA 
accelerates the process of wound healing in rats (Nirwana 
et al. 2021). Attributing to its antiproliferative properties EA 
exhibits various health-promoting benefits. It has a protec-
tive effect against nephrotoxicity induced by cyclophospha-
mide (Abdallah et al. 2019).

According to the studies performed by Mişe Yonar S 
et al. it was demonstrated that EA significantly lowered the 
level of tissue MDA in comparison with the control group 
(p < 0.05). After being fed with EA for about 8 weeks, the 
enzyme activity of superoxide dismutase (SOD), CAT, and 
glutathione peroxidase (GHS-Px) in the tissue was remark-
ably higher when compared to the control group (p < 0.05) 
(Mise Yonar 2019). Various animal studies show that EA 
prevents damage to testicles, helps restore sperm count, 
preserved the motility and morphology of sperm, and 
also attenuates sex hormone alterations. It is also found to 
prevent diabetic rats from erectile dysfunction. EA helps 
to stimulate the measure of testicular antioxidants which 
include SOD, CAT, GSH and attributes to the protective 
functions of reproductive health (ALTamimi et al. 2021). EA 
has been found to increase the level of expression of CAT, 
glutathione-S-transferase (GST), and glutathione peroxidase 
(GPx) (Rahimi et al. 2018).

Because of its antiproliferative property in some tumors, 
and owing to its anti-inflammatory and antioxidant proper-
ties, EA has extensively been studied. Studies show that the 
intake of EA lowers the severity of obesity and improves 
metabolic complexities such as resistance toward insulin and 
type 2 diabetes (Harakeh et al. 2020). EA is a significant 
bioactive molecule and finds its use in various industrial 
and pharmacological sectors. The synergistic relationship 
between EA and antimalarial drugs such as atovaquone, 
chloroquine, and mefloquine has been found. This combi-
nation can be used to reduce drug doses during the treatment 
process and to lower the side effects (Pavlova et al. 2018).

Various other properties such as anti-depressant, anti-
ulcer, hepato-protective, anti-cataract, and antiviral of EA 
have been elucidated. Studies report that possibly EA exhib-
its medicinal properties because of the reduced expression 
of IL-1β, TNF-α, MCP-1, and IL-6, and it also downregu-
lates the TNF-α and MCP-1 mRNA expression levels (Bhat-
tacharjee et al. 2021). EA is known to inhibit the NADPH 
oxidase enzyme activity in the cell. EA protects from DNA 

alkylation, and its ability to scavenge ROS is comparable to 
two of the important antioxidants, i.e., vitamin E and vita-
min C (Mehrzadi et al. 2019). Studies have reported that EA 
has a protective function against oxidative damage to the 
kidney and liver. EA has the capability to activate the anti-
oxidants such as CAT, SOD, and GSH. The compound scav-
enges free radicals and prevents lipid peroxidation (Karimi 
et al. 2020). EA inhibits the mast cell activation, prolifera-
tion of transformed cells, and viral replication by increased 
antioxidant activity, induces apoptosis, downregulates the 
genes responsible for angiogenesis and cell cycle, and stim-
ulates the cellular immune responses (Kim et al. 2021a). 
The antihepatotoxic activity of EA improves the function 
of hepatocytes against harmful and toxic conditions (Lin 
et al. 2020). EA protects the cell from DNA damage which 
is mediated by the free radicals (Gupta and Pandey 2020). 
Studies have proven that EA acts as an efficient compound 
for skin whitening and also suppresses pigmentation (Singh 
Hallan et al. 2020). In tumor cells, EA arrests the cell cycle 
in the G1 phase, inhibits the overall growth of the cell and 
induces apoptosis (Kumar et al. 2021). EA exhibits anti-
inflammatory properties by the inhibition of cyclooxygenase 
enzyme and hence reducing the expression of these enzyme 
(Goudarzi et al. 2018). EA is widely used in the cosmetic 
industry due to its skin-whitening effects. EA inhibits the 
activity of the enzyme tyrosinase thus blocking the melanin 
formation (Wang et al. 2018). EA possesses the capability to 
improve the metabolism of cholesterol by increased expres-
sion of low-density lipoprotein receptor.

Due to its antioxidant properties and the ability to cure 
diseases, EA has been widely used in therapeutics. EA 
scavenges the free radicals and hence behaves as a potential 
antioxidant. Generation of free radicals in the body leads to 
the occurrence of several pathologies. Therefore, the use of 
EA in therapeutics might help to lower the free radicals and 
hence combat oxidative damage of the cells and can help in 
the process of healthy aging (Fig. 2).

Ellagic acid in age‑associated diseases

Naturally occurring antioxidants are commonly present in 
various fruits and vegetables. These antioxidants play an 
active role in protecting the body from the harmful effect of 
free radicals. EA is one such molecule that is present in the 
cell wall of various types of berries and other vegetables. 
The lactone and hydroxyl group of the molecule exhibits the 
antioxidant property (Baeeri et al. 2018). Various in vivo and 
in vitro studies on EA determined its role in different cellular 
and molecular functions showing its beneficial activities. 
The multi-target capabilities of EA include antithrombotic, 
anti-angiogenic, anti-inflammatory, anti-carcinogenic, and 
antioxidant properties (Yang et al. 2021; Gil et al. 2021). EA 



3 Biotech (2022) 12:340 

1 3

Page 5 of 12 340

is often consumed as therapeutics as capsules, liquid, and 
powder for treating cancer and heart disorders. Due to low 
solubility in water and low bioavailability, efficient carriers 
have been designed for effectively using the plant molecule 
(Pirzadeh-Naeeni et al. 2020). EA is used as a dietary sup-
plement to prevent or reduce the risk of various diseases 
(Cetin and Biltekin 2019).

The degenerative diseases which are related to the struc-
tural and functional decline of organs and tissues over a 
period of time are considered as age-associated diseases. 
These age-associated disorders include diabetes, cancers, 
cataracts, Alzheimer’s, Parkinson’s and cardiovascular dis-
eases. These diseases are attributed to oxidative stress and 
the process of natural aging (Nandi et al. 2019). Various 
diseases such as cataract, osteoporosis, dementia, hyperten-
sion, Alzheimer’s, cancer, cardiovascular, diabetes and neu-
rodegenerative disorders are linked with the progression of 
aging. This review focuses on the effect of EA on diabetes, 
cancer, cardiovascular and neurodegenerative as significant 
results have been obtained for these diseases.

Diabetes

Diabetes mellitus is a metabolic disorder and is mainly 
identified by hyperglycemic effects which are caused by 
improper insulin secretion or improper functioning of insulin 
or both (Ghadimi et al. 2021). ROS generation leads to the 
occurrence of hyperglycemia which further causes oxidative 
damage to the pancreas, liver, and kidney. Diabetes is known 
to affect the lives of millions of people across the world and 
increases mortality. Besides being costly insulin administra-
tion, other drugs are known to affect the eyes, kidneys, skin, 
nervous system, and cardiovascular system. According to 
World Health Organization, herbal treatment for diabetes 

has been suggested. The plant-based medicines are consid-
ered to be an excellent source with fewer side effects, and 
the compounds are non-toxic as well (Altindag et al. 2021).

EA is a bioactive compound used in the treatment of dia-
betes. The supplementation of EA helps to improve insulin 
resistance, metabolism of lipids, and abnormal glucose level. 
EA administration in the diabetic rat protects from the inju-
ries to the kidney and heart caused due to hyperglycemia 
(Liu et al. 2021). Hyperglycemia is linked with the conse-
quences of diabetes which include an increase in proinflam-
matory cytokines, such as IL-6 and TNF-α, and a decrease 
in the anti-inflammatory cytokines, such as IL-10 (Farbood 
et al. 2019). All these changes lead to neuronal degenera-
tion and hence cause behavioral defects. Scientific studies 
suggest that the effect of EA on the central nervous system 
is the same as that of different drugs which are used in medi-
cal practices. According to Polce SA et al. EA is found to 
improve the vascular function of the blood vessels which are 
exposed to hyperglycaemic conditions by reducing oxidative 
stress. In the rodent models with ischemic reperfusion and 
aging, EA was found to have advantageous effects on the 
liver by reducing the effect of oxidative stress. The beneficial 
effects of EA on the liver with diabetes have been elucidated 
but its mechanism remains unclear (Polce et al. 2018).

As an antiglycation molecule, EA decreases the concen-
tration of MDA and GSH in the plasma. EA has a protective 
role against diabetes induced by alloxan by decreasing lipid 
peroxidation and thus inhibits the formation of advanced 
glycation end products by the glycation process (Ahmad 
et al. 2022). Diabetes is a widely occurring disease in aging 
population. EA obtained from the natural sources comes 
with minimum to no side effects. Hence, EA can preferably 
be used as a treatment option to cure diabetes and related 
pathologies.

Fig. 2  represents the mecha-
nism of action of ellagic acid. 
The hydroxyl group present in 
the compound is responsible 
for scavenging the free radicals. 
Ellagic acid scavenges the free 
electrons present in the last 
orbital shell and therefore acts 
as a potent antioxidant and 
hence reduces the oxidative 
stress of the cellular compo-
nents
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Cancer

Cancer leads in causing approximately 7.9 million deaths 
each year across the world. The death rate related to can-
cer is expected to reach 12 million by 2030 (Al-Ishaq et al. 
2020). The anticancerous activity of EA includes the arrest 
of the cell cycle and induction of apoptosis and inhibiting 
the formation and growth of tumors (Spisso et al. 2018). 
EA is known to inhibit the proliferation of the cancerous 
cell by induction of apoptosis (Gulzar et al. 2019). EA 
inhibits the formation and growth of the tumor (Ali et al. 
2020). Anticancerous property of the EA is exhibited by its 
property to inhibit the proliferation of tumor cells, induc-
tion of apoptosis, blockage of viral infection, disturbance 
of inflammation, angiogenesis, and metastasis (El-Sonbaty 
et al. 2022). EA arrests the cell cycle or is responsible for 
the induction of apoptosis and inhibits the proliferation of 
cancer cells in various types of cancer (Duan et al. 2020), 
(Cetin et al. 2019). Studies on cancer cells suggest that there 
is a disruption of DNA synthesizing machinery that stimu-
lates the p21-regulated system, and this causes the arrest of 
the cycle at G1/S phase checkpoints. EA behaves as a potent 
chemoprotective compound as it exhibits promising anti-
tumor activities against ovarian, breast, prostate, pancreas, 
colon, lymphoma, and bladder cancer. The mechanisms 
contributing to its antitumor property include its ability to 
inhibit the proliferation of cells, angiogenesis, invasion of 
extracellular matrix, and inducing caspase-dependent apop-
tosis (Ceci et al. 2020). EA was found to inhibit pancreatic 
cancer in human cell PANC-1 by blocking the Notch, shh 
and AKT signaling pathways in vivo. EA also targeted mito-
chondrial pathways in the case of B-lymphocytes, isolated 
from patients with chronic lymphocytic leukemia (Zhong 
et al. 2019). EA administration is known to decrease CDK6 
expression, inhibit the proliferation of the cell and induction 
of apoptosis in the cells of breast cancer (Yousuf et al. 2020).

In vitro studies with EA are known to inhibit the pro-
liferating activity of HCC1954 and SUM159 cell lines of 
breast cancer. EA is also found to increase the expression of 
poly ADP-ribose polymerase in HCC1954, SUM159, MDA-
MB-231, and SKBr3 cancer cell lines. EA also reduces the 
AKT/Mtor signals which are in charge of controlling vari-
ous cellular functions such as apoptosis, autophagy, pro-
liferation, angiogenesis, and metabolism (Jaman and Say-
eed 2018). In pancreatic cancer cells, EA inhibits growth 
by stimulating apoptosis. The apoptosis induced by EA is 
mediated by caspase-3 and caspase-9 activation. In pan-
creatic cell lines, EA is also known to suppress migration 
through the inhibition of epithelial-mesenchymal transition 
(Kim et al. 2021b). In vivo and in vitro studies show the 
antitumor activity of EA in endometrial cancer by the sup-
pression of cell invasion and migration via targeting P13K 
signal pathways (Wang et al. 2019c).

The depolarization of mitochondria in the bladder, neu-
roblastoma, pancreas, and B cell cancer is regulated by EA 
by indirect activation of apoptosis in the cancer cells. In the 
case of B cell chronic leukemia, EA directly affects mito-
chondria which result in ROS production and release of pro-
apoptotic factors through mitochondria. EA is also known to 
downregulate the expression of sodium/hydrogen exchanger 
1 which leads to the acidification of cells and glycolytic flux 
inhibition in the cancer cells of endometrial (Boehning et al. 
2018). Reports suggest that in breast cancer cells, the treat-
ment with EA significantly enhanced the cytotoxicity that is 
induced by radiation (Ahire et al. 2017). The effect of EA on 
melanoma cells has also been reported (Wang et al. 2020a).

The above studies suggest that EA can be used as a potent 
drug in treating various type of cancer. EA can be used in 
the treatment of cancer as other drugs come with several 
side effects. The use of natural substances is more affordable 
and comparatively easily available. EA can be preferred as 
a treatment option due to its easy availability and less or no 
cytotoxicity.

Cardiovascular disorders

According to WHO, every year about 17.9 million people 
die because of cardiovascular disorders. This accounts for 
about one-third of the deaths (Malinowski et al. 2019). It has 
been reported that EA acts to improve cardiovascular func-
tions by behaving as an antioxidant molecule and restoring 
the dysfunction of endothelial in the heart and vessels as 
studied in the animal models with dyslipidemia, hyperten-
sion, and myocardial infarction (Jordao et al. 2017). EA as 
an antioxidant plays a role to reduce cardiotoxicity induced 
by chemicals and drugs and therefore acts as a cardio pro-
tectant (Ahangari et al. 2022). The antioxidant effect of EA 
inhibits free radical production and protects the tissues of 
the heart. Studies suggest the preventive function of EA for 
the myocardium. EA has a protective role on the injury of 
the myocardium after myocardial infarction as studied in 
rats (Wei et al. 2017). EA reduces the area of myocardial 
infarction and suppresses cardiac fibrosis by the regulation 
of the expression of anti-apoptotic genes and enhances mito-
chondrial respiratory enzyme activity. EA further decreases 
ventricular hypertrophy occurrence by suppressing lipid per-
oxidation (Lin et al. 2019). Scientific reports show that EA 
suppresses the injury of the mitochondria and necrotic cell 
death of the cardiac myocytes that are induced by hypoxia 
or doxorubicin (Dhingra et al. 2017). EA is known to protect 
against experimentally induced myocardial infarction (Kan-
nan and Quine 2013).

Cardiovascular diseases are responsible for causing death 
to a large number of aging populations. With age, the prev-
alence of cardiovascular disorders increases. Therefore, it 
becomes necessary to look for options which are cheaper, 



3 Biotech (2022) 12:340 

1 3

Page 7 of 12 340

easily available and are less cytotoxic. Various scientific 
studies have revealed the use the EA in cardiovascular dis-
eases, and hence, it can be considered to be used as thera-
peutics to lower the occurrence or cure cardiovascular dis-
orders leading to healthy aging.

Neurodegenerative disorders

Neurodegenerative disorders are primarily characterized by 
the continuous loss of the cells and tissues of the neural sys-
tem and are also marked by the dysfunction of the nervous 
system as a consequence of aging. The well-known neuronal 
disorders include Parkinson’s disease, prion disease, Alz-
heimer’s disease, and Huntington’s disease. The symptoms 
of these disorders include anxiety, memory loss, impaired 
cognitive function, depression, and dysfunction of motor 
activities (Gupta et al. 2021).

The antioxidant property of EA and its ability to trap 
free radicals help to prevent oxidative stress and the occur-
rence of neurodegenerative disorders (Alfei et al. 2019). 
The phytochemical EA is used in the treatment to maintain 
the disorders associated with the central nervous system. 
EA regulates various molecular signaling pathways which 
normalize the mitochondrial dysfunctions resulting in free 
radical generations attenuating neurodegeneration. EA pro-
tects the inflammation of the brain by downregulating the 
expression of proinflammatory cytokines, such as TNF-α 
(Dornelles et al. 2020). The protective effect of EA in mice 
against anxiety and cognitive impairment induced due to 
sleep deprivation has been reported. EA exhibits its protec-
tive effect by inhibiting the activity of TLR4 and activating 
the activity of Nrf2 (Wang et al. 2020b).

Neurodegenerative disorders lead to the process of accel-
erated aging. The study of EA in various pathways of neu-
rodegeneration in various cells show that it can be used to 
cure this disorder. The study on various models suggests that 
EA can further be used in humans as well for the treatment 
neurodegenerative disorders (Fig. 3).

Conclusion

Free radicals are unpaired electrons that are highly reactive. 
Antioxidants are the molecules that prevent cellular damage. 
The accumulations of ROS and RNS in the body damage the 
cellular components and hence lead to aging and various 
age-associated disorders.

Naturally occurring plant compounds are used as potent 
drug molecules. These plant compounds behave as natu-
ral antioxidants and are used to prevent and cure various 
age-associated disorders. These phytochemicals are safer to 
use with less toxic effects. EA is a plant polyphenol that 
is widely distributed in various fruits and vegetables. The 
antioxidant property of this polyphenol leads to free radical 
scavenging and protects from cellular damage. EA is known 
to protect the cell against oxidative damage and lipid per-
oxidation. Four hydroxyl groups in the compound owe to its 
antioxidant behavior. The dietary intake of EA is known to 
protect from various age-associated disorders.

EA is known to exhibit antioxidant, anticancer, anti-
inflammatory, antimicrobial, antiviral and antimutagenic 
properties. EA decreases the level of MDA and activates 
the activity of GSH and CAT in the cell. The antiprolifera-
tive activity of EA leads to health-promoting benefits. The 

Fig. 3  represents the therapeutic activities of ellagic acid and its effect on the signaling molecules in various diseases Table 1
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dietary supplement of EA prevents and reduces the risk of 
various disorders. EA is known to have a protective role 
in metabolic disorders. This bioactive molecule is used 
in the treatment of diabetes. EA administration improves 
insulin resistance and the abnormal level of glucose. The 
anticancerous property of the EA includes cell cycle arrest 
and induction of apoptosis. EA inhibits the formation and 
growth of tumor cells. EA behaves as a chemo protect-
ant and has antitumor activities against the cancer of the 
ovary, breast, prostate, pancreas, colon, lymphoma, and 
bladder. The inhibition of free radicals by EA protects the 
heart tissues and has a preventive function in the myocar-
dium. EA is also used to treat the disorders associated with 
the central nervous system.

This review highlights the activity of EA as an anti-
oxidant and its effect in various age-associated disorders; 
as the compound is naturally occurring with lower side 
effects, it can be used in the treatment of various malig-
nancies. The low solubility and bioavailability of the mol-
ecule are still a problem but various formulations are being 
prepared to increase in efficacy as a potent drug molecule.
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