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Introduction
The administration of botanical extracts to 
prevent and therapy of diseases is an old-
fashioned phenomenon (1). Epidemiological 
studies have revealed a correlation between 
dietary habits and disease risks. Recently, 
growing proportion of papers have proposed 
a connection between phytochemicals, 
plant-derived metabolites and reduced 
risk of various chronic diseases such 
as diabetes, cancer and cardiovascular 
disorders (2). Polyphenols, valuable types 
of phytochemicals, are known for their 
rich antioxidant properties. In recent years, 
rising proportion of investigations have 
also focused on their anti-inflammatory, 
anti-proliferative and apoptosis-inducing 
impacts. Numerous type of polyphenols 
have also been recommended to have the 
possible influence on counteracting to toxic 
effects created by chemotherapy in cancer 
(1-3). 
Ellagic acid is a polyphenol compound 
present in various fruits, nuts and seeds, 
such as pomegranates, black raspberries, 
raspberries, strawberries, walnuts, and 
almonds (3).
Ellagic acid is known as a naturally 
occurring phenolic lactone compound 
which is degraded product of hydrolysable 
plant tannins (4-7). With more than 500 
natural products characterized so far, ellagic 
acid and its complex derivatives such as 

ellagitannins (ETs) play an important role 
in human nutrition and endowed with 
numerous biological properties, including 
antibacterial, antioxidant, anti-hepatotoxic, 
anti-atherosclerotic, anti-inflammatory and 
anti-HIV replication activities. Recently 
interests on ellagic acid have raised due to 
its anti-mutagenic and anti-carcinogenic 
actions (7). ETs are differentiated by a 
complicated chemical construction. They 
are subjected to spontaneous lactonization 
expulsion hexahydroxydiphenoic acid which 
possibly converted into ellagic acid. It was 
reported that intake of food rich of ETs can 
help to improve the health and prevention 
of several chronic diseases (including 
cardiovascular, neurodegenerative diseases 
and cancer). The anticancer activity of ETs 
and their metabolites is associated with their 
ability to scavenging free radicals. For this 
reason, ETs decrease or inhibit the oxidative 
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Ellagic acid is a polyphenol compound present in many fruits, nuts, and seeds, such as pomegranates, 
black raspberries, raspberries, strawberries, walnuts, and almonds. Some studies in the past indicated 
that ellagic acid showed powerful free radical scavenging action, and also has anti-diabetic, 
chemoprotective, anti-apoptotic, anti-inflammatory and anti-tumorigenic properties. While ellagic 
acid and its complex derivatives such as ellagitannins (ETs) play an important role in human 
nutrition and endowed with numerous biological properties, thus this substance may be suitable as 
a defensive factor against free radicals. Hence the aim of this paper is to review current research into 
the therapeutic potential of ellagic acid in prevention and treatment of some chronic conditions such 
as cancers or various chronic disease due to its main role as a potent scavenger of oxygen species.
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Core tip 
This paper has given a view on ellagic acid 
and also the reasons for its widespread 
administration as a polyphenolic compound 
originated in the numerous foods. Various 
investigations have been reported the 
therapeutic and preventive effects of this 
substance including anti-mutagenic and 
anti-carcinogenic, anti-tumorigenic and even 
anti-diabetic potentials in order to play an 
important role as a functional food. 

http://annresantioxidants.com


Khodadadi S et al

 Annals of Research in Antioxidants   2 Volume 2, Issue 2, July 2017

stress (OS) process, which can otherwise induce various 
diseases such as cancer, atherosclerosis and cardiovascular 
diseases (8-10). 
Some studies in the past indicated that ellagic acid showed 
free radical scavenging action, anti-cataractogenic, cardio-
protective, gastro-protective, ulcer healing, anti-fibrotic, 
anti-diabetic, hypolipidemic, anti-atherosclerotic, 
chemo-protective, anti-apoptotic, anti-inflammatory and 
anti-carcinogenic properties that make it interesting for 
further studies in different disorders particularly cancer 
cell systems (11-15). Due to its effects on a variety of hard 
curable diseases, ellagic acid has attracted the attention of 
a lot of scientists. This article was aimed to provide more 
detailed investigations regarding the effects of ellagic 
acid as a natural powerful antioxidant on some chronic 
conditions such as cancer and diabetic nephropathy.

Materials and Methods 
In this review, a variety of sources have been used by 
searching through PubMed/Medline, Scopus, EMBASE, 
EBSCO and directory of open access journals (DOAJ). 
The search was conducted, using combination of the 
following keywords and, or their equivalents; Ellagic acid, 
cancer, free radicals, reactive oxygen species, diabetes 
mellitus, antioxidants, oxidative stress and renoprotective 
effects.

Antioxidant and anti-tumorigenic activity
Free radicals are extremely high reactive intermediate 
chemicals and have the potential damage to cells. They are 
created when an atom or a molecule either gains or loses 
an electron. They are formed naturally in the body and 
play an important role in several cellular signaling in the 
normal cells (15,16). It was documented that free radicals 
at high concentrations can be hazardous to the body 
and cause harm the all main ingredients of cells (such 
as DNA, proteins, and cell membranes). The damage to 
cells (especially to DNA) induced by free radicals, can 
play a vital role in the triggering and development of 
cancer and other health conditions (15,20). ellagic acid is 
a powerful flavonoid which plays the main role as a potent 
scavenger of oxygen species. A diet rich in polyphenols 
has been suggested to have positive health properties 
and to diminish the risk of diseases (18-21). ellagic acid 
as a polyphenolic compound is found in the different 
types of berry and nuts and it has received meticulous 
concentration because of its vast collection of biological 
goods. It has been shown that DPPH has a free radical 
scavenging activity and also inhibits the lipid peroxide 
(LPO) generation in the V79-4 cells treated with hydrogen 
peroxide (H2O2).
Furthermore, it was detected that ellagic acid increased 
the activity of several main antioxidant enzymes such 
as superoxide dismutase (SOD), glutathione peroxidase 
(GPX), and catalase (CAT), which these enzymes 
changed to the different disorders including free radical 
attack (18). Moreover, it protects from DNA double helix 
against alkylating agent damage (20-23). Therefore, a diet 

rich in antioxidants is essential to prevent pathogenic 
conditions. In this paper, ellagic acid has been introduced 
as one of the most powerful agents in the prevention and 
also treatment some type of hard diseases. For example, 
recent studies detected that prostate cancer as the fourth 
most popular cancer in the men older than 50 years is one 
of the cancers usually diagnosed late. Thus, preventive 
factors can be really effective (24). Interestingly, the 
molecular mechanism of ellagic acid on the induction of 
apoptosis in prostate cancer cells was evaluated in recent 
studies. These investigations showed that ellagic acid has 
anti-proliferative effects through blocking the activation 
of mammalian target of rapamycin and decreasing the 
intracellular values of β-catenin in the LNCaP cell line. 
On the basis of recent investigations, administration of 
ellagic acid in the form of food and fruit will be one of 
the preventive strategies. Previous studies have identified 
major ETs-type phytochemicals in different types of berry 
fruit extracts, which are distinguished via biological 
activities including anti-cancer (such as leukemia, 
prostate and colon cancers), anti-neurodegenerative and 
anti-viral properties (25,26).
Moreover the other type of cancer affected by ellagic acid 
is cervical cancer. Although, polyphenol-rich raspberry 
extracts were made and fractioned through reverse 
chromatography on C18 solid phase, indicating that, one 
of the extracted compounds identified as ellagic acid 
detected having the capability to inhibit in vitro, the 
proliferation of HeLa cells. This potency could explain 
that ellagic acid, from ETs, cause triggering of apoptosis 
signaling by mitochondrial-mediated or intrinsic 
pathway. Additionally, it was reported that ellagic acid 
(10-100 μM) is capable of preventing the proliferation of 
ovarian carcinoma cells (PA-1 and ES-2 cells) in a time 
and dose -related fashion through arresting all cell lines 
at the G phase. Likewise, ellagic acid can perform these 
impacts by raising the presentation of p53 and Cip1/p21 
and lessening the presentation of cyclins E and D1. 
Accordingly, it was found that ellagic acid can induce 
caspase-3 activation and consequently induction of 
apoptosis by growing the Bax/Bcl-2 ratio. This is the 
major phenomenon that control apoptosis signaling, 
and restore anoikis (27-29). Interestingly, ellagic acid at 
elevated concentrations (10-50 mmol/L) can accelerate 
the cell death via apoptosis mode and also diminish the 
viability of the human pancreatic adenocarcinoma cell 
lines MIA PaCa-2 and PANC-1. Previous investigations 
had detected that ellagic acid can perform these effects 
through the declining nuclear factor-kappa B (NF-κB) 
activity, thus activating the death cell by mitochondrial-
mediated pathway. This pathway is associated with loss 
of mitochondrial membrane potential (Δψm), caspase-3 
activation and cytochrome C release. A new investigation 
has directed that ellagic acid at low concentration (0.5-3 
μM) can induce the apoptosis signaling and diminish the 
viability of the human pancreatic cancer cell lines MIA 
PaCa-2 and also HPAF-II cells. 
Also, it has been found that ellagic acid induces similar 
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apoptotic impacts on other cancer cell lines such as 
pancreatic stellate cells and the progenitor cells of 
pancreatic cancer. 
In vivo data showed that dietary alone with ellagic acid 
could induce decreasing of size and viability of a tumor 
in a subcutaneous xenograft mouse model of pancreatic 
cancer. Another in vivo investigation denoted that ellagic 
acid can prevent pancreatic cancer growth in Balb/C 
nude mice. This inhibitory influence by ellagic acid was 
accompanied with the decrease of cell proliferation, 
activation of caspase-3, and stimulation of poly (ADP-
ribosyl) polymerase (PARP) cleavage. Additionally, ellagic 
acid weakened the expression of Bcl-2, cyclin D1, CDK2, 
and CDK6, whereas caused the presentation of the Bax 
as a pro-apoptotic protein in the various tumor tissues as 
compared with untreated control tissues (29). 
Numerous molecular target mechanisms have been 
proposed to be involved in cell cycle activity and 
proliferation modifications by ellagic acid, such as 
raised levels of p53 and raised levels and/or activation of 
p21cip1. Down-regulation of cyclins A and B1 or cyclin 
D1, and up-regulation or decreased levels of cyclin E has 
also been associated with ellagic acid-induced cell cycle 
modifications. ellagic acid is also a powerful inhibitor 
of CK2, an important protein kinase involved in the 
neoplasia and tumor proliferation activated down-stream 
of Wnt-signaling.
Recently, it has been reported that ellagic acid induces the 
down-regulation of insulin-like growth factor II (IGF-II), 
and it plays a main role in the transcription and protein 
levels of the mitogen-activated protein kinase (MAPK), 
kinases p38, and MEKK1(2,30-32).

Preclinical point of view
Strawberries are good sources of vitamin C and 
polyphenolics like flavonoids, particularly anthocyanins 
and flavonols, and ellagic acid products, to which 
many beneficial effects have been recognized (32). The 
different parts of the gastrointestinal tract were affected 
the bioavailability of free ellagic acid and ETs, in which 
these compounds are absorbed. It was shown that several 
conditions such as acidic gastric environment and the 
presence of gastric enzymes were affected the stability 
of ETs and undergone neither hydrolysis to free ellagic 
acid nor degradation. Neutral pH is the best conditions 
for hydrolysis of ET. Acidified chyme is transported 
in small portions of the stomach to further sections 
of the gastrointestinal tract, where pH is higher and 
more suitable for hydrolysis of ETs (pH 7.1-8.4) such as 
duodenum and small intestine (10,33-35).
More recently, Zhang et al detected that ellagic acid is a 
natural phenolic compound and induces anti-carcinogenic 
impacts through decreasing tumor cell proliferation, 
prompting apoptosis, breaking the binding of carcinogens 
to DNA, and inhibiting the infections with the virus, and 
also decreasing the inflammation, angiogenesis (29). 
In another study, Bharati et al showed that ellagic acid 
has a chemoprotective effect due to strong antioxidant 

properties which lead reducing OS (36). Likewise, recent 
experimental investigations revealed that phytochemicals 
play a protective role against OS, which is induced by 
heavy metals in animals. At sub-lethal dose of mercuric 
chloride treated rat liver tissue shows hepatic cell damage 
and alteration of its metabolic activities by the way of 
liver marker enzymes. Also, the liver protective effect 
of hesperidin and ellagic acid was found to be effective 
against liver toxicity induced by mercuric chloride 
(HgCl2). 
It was reported that the administration of ellagic acid 
and hesperidin on HgCl2 intoxicated rats not only 
decreased the levels of liver markers enzymes, bilirubin or 
cholesterol, but also maintained their level to near normal 
condition (37,38).
A recent study by Ahad et al revealed that diabetic 
nephropathy (DN) as a serious complication of diabetes 
is linked to inflammation. They mentioned that 
nephroprotective effects of oral treatment of ellagic acid 
in high fat diet/low dose streptozotocin (HFD/STZ)-
induced type 2 diabetic Wistar rats. After induction 
of diabetes, the treatment of ellagic acid for 16 weeks 
could significantly decrease the renal dysfunction and 
OS. ellagic acid significantly inhibited the renal NF-rB 
activation. Moreover, ellagic acid significantly lowered 
renal pathology and suppressed transforming growth 
factor-beta (TGF-ß) and fibronectin expressions in renal 
tissues. Also, it was shown that ellagic acid significantly 
decreased the serum amounts of pro-inflammatory 
cytokines, such as interleukin-1beta (IL-1b), IL-6 and 
tumor necrosis factor-alpha (TNF-a) (39-44). While, 
diabetes mellitus (DM) is one of the most widespread 
diseases in the world, however, all attempts to its treatment 
have been unsuccessful.
Although, the management of this disease by 
administration of oral anti-diabetic drugs and dietary 
therapy has shown some promise. More recent studies 
detected functional foods contains antioxidant nutrients 
with insulin secreting, insulin sensitizing and insulin 
mimetic properties. They found among various foods 
with this property, ellagic acid and gallic acid play 
insulinotropic roles (42,43). 

Ellagic acid and diabetic kidney disease 
Today, the incidence of diabetes DM (especially type-2) as a 
global health problem is growing. Diabetic kidney disease, 
one of the most serious micro-vascular complications of 
DM advances as a result of extended hyperglycemia and 
eventually leads to end stage renal disease. In recent years, 
several studies have documented that the inflammation 
pathways play a major role in the pathophysiology of 
diabetic kidney disease (40,41). In this context, NF-κB, 
a well-known transcription factor, has received much 
attention. NF-κB is produced by almost all cell types and is 
activated by a wide variety of cell-stress stimuli including 
hyperglycemia, obesity, raised plasma levels of free fatty 
acids, OS, hypertension, vasoactive agents, proteinuria, 
bacteria, cytokines and growth factors (40-43). NF-κB is 
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activated in renal fibrosis and its inhibition has resulted 
in a significant amelioration of diabetic kidney disease, 
suggesting its importance as a potential therapeutic target 
for the treatment of diabetic nephropathy. The application 
of dietary therapy in the treatment of this disease is one 
of the options aimed at controlling diabetes-induced 
hyperglycaemia. Thus, in some researches ellagic acid 
introduced as anti-diabetic functional foods and also a 
good source of insulin secreting, insulin sensitizing and 
insulin mimetic properties (42-44).

Conclusion
This paper has given a view on ellagic acid and also the 
reasons for its widespread administration as a polyphenolic 
compound originated in the numerous foods. Various 
above-mentioned investigations have been reported 
the therapeutic and preventive effects of this substance 
including anti-mutagenic and anti-carcinogenic, anti-
tumorigenic and even anti-diabetic potentials in order to 
play an important role as a functional food. 
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