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Abstract: Multiple lines of evidence suggest that disease-related neurodegeneration seems to be a multifactorial
process that involves different cytotoxic pathways converging in cell death. Neuropathological evidence indicates
that neuroinflammation, excitotoxicity, redox-active metals, increased reactive oxygen and nitrogen species, ab-
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normalities in the activity of the ubiquitin-proteasome system, impairments in endogenous antioxidant defense mechanisms, mitochon-
drial dysfunction, as well as a reduction in the expression of trophic factors in neuronal tissues might play a role in the pathobiology of
disease. In addition, increased expression of proapoptotic proteins, which leads to neuronal cell death, plays an important role in the onset
and progression of neurodegeneration. With respect to the inefficacy of single-target drugs for the treatment of numerous neurodegenera-
tive disorders, much attention has been paid to natural products with pluripharmacological properties as well as negligible adverse ef-
fects. Ellagic acid is known as an important natural phenolic antioxidant, that is widely found in different fruits and vegetables. Recent
studies have shown that ellagic acid may invoke a spectrum of cell signaling pathways to attenuate or slow down the development of neu-
rodegenerative disorders. Ellagic acid possesses potent neuroprotective effects through its free radical scavenging properties, iron chela-
tion, activation of different cell signaling pathways, and mitigation of mitochondrial dysfunction. The aim of this review is to critically
summarize and analyze the available literature regarding the neuroprotective effects of ellagic acid with emphasis on its molecular
mechanisms of action. In addition, we also discuss the biosynthesis, sources, bioavailability, and metabolism, of ellagic acid to provide as
accurately as possible the much needed information for assessment of the overall protective effects of this compound in the central nerv-

ous system.

Keywords: Antioxidant, ellagic acid, elligatannins, neurodegeneration, neuroprotective effects.

INTRODUCTION

Neurodegeneration is a complex process affected by many
pathological factors such as impaired neuronal function and deficit
in neurotransmitters which finally cause to synaptic loss and neu-
ronal death, inflammation, oxidative stress, purinergic signaling,
mitochondrial dysfunction, metal accumulation, etc., which are
associated with a number of diseases including Alzheimer’s disease
(AD), Parkinson’s disease (PD), multiple sclerosis (MS), amyotro-
phic lateral sclerosis (ALS), Huntington’s disease, and many others
[1-7]. Since these diseases have complicated pathophysiology, the
treatment approaches are quite limited and there is certainly a great
need for more research to explain their exact pathology through the
understanding of factors and processes that contribute to neurode-
generation. Consequently, neurodegenerative diseases are highly
challenging in regard with discovering new drug molecules and
much still remains to be learned for human being on this scope.

Recent opinion suggests that oxidative stress may play a causal
role in the complex neuronal pathology observed in neurodegenera-
tive disorders [8-10]. Reactive oxygen species (ROS) such as the
hydroxyl radical (-OH), superoxide anion (O,), nitric oxide (NO-)
and hydrogen peroxide (H,0O,) are generated as by-products of res-
piration and oxidative metabolism. Under normal physiological
conditions, a balance between ROS production and ROS detoxifica-
tion is crucial to ensuring cellular damage is ameliorated by
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endogenous antioxidant defence systems (enzymes and antioxidant
vitamins) [8-10]. Ellagic acid is an excellent scavenger and its long-
term administration is potentially applicable as strategy for neu-
rodegeneration prevention [11-16].

The antioxidant potential of natural compounds have been
proven to be irrevocable and continuous sources for developing
new drugs and are always attracting targets as leads in drug re-
search that serve as templates for novel molecules [17-22]. Al-
though their importance in drug discovery has been partly dimin-
ished for a moment in last decades, contemporary drug research has
re-focused on this area using new techniques, i.e. combinatorial
chemistry, high-throughput screening, and metabolomics [23]. In
fact, it has been reported that more than 60% of the drugs available
in the market are derivatives of natural products [24-26]. Further-
more, importance of natural compounds is also due to their special
selectivity to cellular targets in biological systems, ability to inter-
action with many receptors as well as their vast chemical structural
properties [27, 28].

Ellagic acid is a natural polyphenol widely found in berry-type
of fruits, pomegranates, and nuts, and some other medicinal plant
species [29]. Latest research show that it exhibits a great number of
pharmacological effects such as anti-diabetic [30], anti-hepatotoxic
[31], anticancer [32], neuroprotective [33], anti-obesity [34], anti-
hypertensive [35], antinociceptive [36], antiviral [37], etc. Given
this background, we herein aim to focus our thoughts particularly
on potential of ellagic acid in nervous system and also articulating
its biosynthesis, sources, and other relevant pharmacological activi-
ties.

© 2016 Bentham Science Publishers
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BIOSYNTHESIS AND SOURCES OF ELLAGIC ACID

The sources and chemistry of ellagic acid have been recently
reviewed [38, 39], hence, we herein provide a brief summary. Elli-
gatannins are esters of hexahydroxydiphenic acid with a sugar moi-
ety, usually glucose (see Fig. 1 for examples). Acid-catalyzed hy-
drolysis of elligatannins can release the hexahydroxydiphenic acid
moiety, which subsequently undergoes lactonization to give ellagic
acid (Fig. 1). The microbiological fermentation of plant by-products
to produce ellagic acid have been recently investigated [40, 41].

The main dietary sources of ellagic acid are raspberries, black-
berries, and strawberries [42], while nut trees, leaves, and some
other fruits are also known to be rich in ellagic acid (approximately
1-3 mg/g) [43]. Table 1 lists some sources and their respective
yields of ellagic acid. Unfortunately, there seems to be some incon-
sistencies in the reported yields of ellagic acid. Some authors report
free ellagic acid, while others list total ellagic acid content. In addi-
tion, the yields vary considerably depending on cultivation, season-
ality, maturity, hydrolytic conditions, and detection methodologies.
The most common method for the quantification of ellagic acid has
been reverse-phase HPLC using DAD and/or MS detection [44,
45]. However, square-wave voltammetry has also been recently
preferred to quantify ellagic acid concentrations in fruits [46].

BIOAVAILABILITY AND METABOLISM OF ELLAGIC
ACID

The metabolic fate of ellagitannins and ellagic acid has been
extensively reviewed [38, 39, 47]. Briefly, ellagitannins are rela-
tively stable to the physiological pH of the stomach and are not
hydrolyzed to produce ellagic acid. The stomach is the first place,
where ellagic acid is absorbed. However, ellagitannins can be
catabolized by intestinal microflora to produce ellagic acid [48, 49].
Ellagic acid is metabolized by gut microflora in the intestines to
produce the urolithins, by way of lactone ring hydrolysis and decar-
boxylation, followed by dehydroxylation (see Fig. 2) [48, 49]. The
urolithins produced undergo enterohepatic circulation with con-
comitant conjugation in the liver via UDP-glucuranyl transferase
(UGT) or sulfotransferases (ST) to the corresponding glucuronides
or sulfates, respectively (see Fig. 3). Upon absorption, ellagic acid
is methylated via catechol O-methyl transferase (COMT) to pro-
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Fig. (1). Examples of ellagitannins and hydrolysis to give ellagic acid.
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duce monomethyl and dimethyl ethers (see Fig. 3). These methy-
lated derivatives are, then, conjugated to the corresponding glucu-
ronides or sulfates.

Several studies have reported that ellagic acid is rapidly ab-
sorbed in humans and reaches a maximum plasma concentration
within one hour after ingestion [50, 51], where their metabolic de-
rivatives, the urolithins, reach maximum concentrations in the
plasma between 24 and 48 hours after ingestion. Bioconjugates of
urolithins A and B as well as ellagic acid dimethyl ether circulate in
the blood and, therefore, are able to reach target organs. Circulating
ellagic acid conjugates and/or conjugates of urolithins are likely to
be responsible for the in vivo health benefits of ellagitannin- and
ellagic acid-rich foods [47, 52-55].

REACTIONS OF ELLAGIC ACID

Reactions of ellagic acid can be conveniently divided into three
general types: (a) oxidation of ellagic acid by reactive free radicals,
(b) reactions of the nucleophilic hydroxyl groups of ellagic acid,
and (c) electrophilic aromatic substitution of the electron rich aro-
matic rings of ellagic acid.

Ellagic acid has shown a notable activity as a scavenger of free
radicals [56] and can, therefore, inhibit the deleterious effects of
reactive oxygen species (ROS) such as lipid peroxidation [57].
Markovi¢ and co-workers [58] used a density functional theory
(DFT) analysis to conclude that in aqueous solutions, the predicted
mechanism is loss of a proton from ellagic acid, followed by elec-
tron transfer to free radicals, whereas in the gas phase or in non-
polar solvents, the reaction is predicted to be a hydrogen atom
transfer to free radicals. In contrast, based upon their theoretical
work, Galano and co-workers have concluded that the mechanism
for hydrogen atom transfer takes place exclusively regardless of the
polarity of the environment.

The total antioxidant capacity of ellagic acid has been previ-
ously evaluated using the Trolox equivalent antioxidant capac-
ity (TEAC) assay [59]. The Trolox equivalent antioxidant capacity
is the concentration of Trolox required to give the same antioxidant
capacity as 1 mM test substance. The study compared a standard-
ized total pomegranate tannin (TPT), punicalagin and ellagic acid,

\ ha
HO HO OH OH
Punicalagin

Ellagic acid
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Table 1. Sources of ellagic acid.

Source Concentration/Comments Reference
Agai
55.4 mg/kg fresh fruit pulp; 19.5 mg/kg of ellagic acid derivative [93]
Euterpe oleracea
Apple
Juice: 0.6 mg/kg. [94]
Malus domestica
Arctic Bramble
Fruits: 686 mg/kg fresh wt. [95]
Rubus arcticus
Black Raspberry
Dried leaves: 2.06% [96]
Rubus occidentalis
R. fruticosus dried leaves: 4.32%.
Blackberry R. caesius dried leaves: 4.15%. [96]
Rubus spp. R. nessensis dried leaves: 6.89%.
R. odoratus dried leaves: 3.76%.
Blackberry
Fruits: 6.6-26.1 mg/kg fresh wt. [97]
Rubus spp.
Blackberry
376.0 mg/kg fresh wt. Determined electrochemically rather than chromatographically. [46]
Rubus spp.
Blackberry
Fruits: total EA 438 mg/kg dry wt [44]
Rubus glacus
Blackberry
Fruits: total EA 135 mg/kg dry wt. [44]
Rubus adenotrichus
Blackberry
Fruits: 45.6-84.6 mg/kg [45]
Rubus fruticosus
Blackberry
Fruits: 202-300 mg/kg dry wt [98]
Rubus adenotrichus
Cambuci
Fruits: 3.3 mg/kg (free EA/fresh wt); 2.67 g/kg (total EA/fresh wt). [99]
Campomanesia phaea
Chestnut Bark: 0.71-21.6 mg/g of raw bark; 2.83-18.4 mg/g hydrolyzed (MeOH/TFA) bark. [100]
Castanea sativa Fruit: 1.08-5.98 mg/g pericarp.
Cloudberry
Fruits: 559-606 mg/kg fresh wt. [95]
Rubus chamaemorus
Cranberry Fruit pomace bioprocessed by solid-state hydrolysis using the fungus Lentinus edodes: 350 [101]
Vaccinium macrocarpon mg/kg dry wt.
Grape
Juice: 2.5 mg/kg. [94]
Vitis vinifera
Grumixama
Fruits: 85 mg/kg (free EA/fresh wt); 2.70 g/kg (total EA/fresh wt). [99]
Eugenia brasiliensis
Jabuticaba
Fruits: 60 mg/kg (free EA/fresh wt); 3.11 g/kg (total EA/fresh wt). [99]
Mpyrciaria jaboticaba
Longan
Seed: 156 mg/100 seeds [102]
Dimocarpus longan
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(Table 1) Contd....
Source Concentration/Comments Reference
Mango
Kernel: 118 mg/100 seeds [102]
Mangifera indica
Muscadine Juice: 4.4-102 mg/kg.
[103]
Vitis rotundifolia Wine: 2.3-56.0 mg/kg.
Muscadine
Juice, free ellagic acid: 13.5-49.7 mg/kg. Juice, total ellagic acid: 360-912 mg/kg. [104]
Vitis rotundifolia
Pineapple
Fruit: 1.2 mg/kg fresh fruit. [105]
Ananas comosus
Pomegranate
Juice: 0.008-0.16 mg/kg [106].
Punica granatum
Pomegranate Seeds: 4.8 mg/kg.
[107]
Punica granatum Husk: 2600 mg/kg.
Pomegranate
Juice: 14.3 mg/kg. [94]
Punica granatum
Pomegranate
Husk: 12.8-33.8 g/kg dry wt. [43]
Punica granatum
Red Raspberry Fruits: 21-47 mg free ellagic acid / kg fresh fruit; 1198-3235 mg total ellagic acid / kg fresh [108]
Rubus spp. fruit.
Red Raspberry
Juice: 0.7-31.5 mg/kg (free ellagic acid); 1.3-53.3 mg/kg (total ellagic acid) [42]
Rubus spp.
Red Raspberry R. saxatilis dried leaves: 3.01%. [96]
Rubus spp. R. idaeus dried leaves: 2.45%.
Red Raspberry
Fruits: 207-244 mg/kg fresh wt. [109]
Rubus idaeus
Red Raspberry Fruits: 10.13 mg/kg fresh wt. [110]
Rubus idaeus Jam: 25.40 mg/kg fresh jam.
Red Raspberry Fruit: 4.0 mg/kg fresh fruit. [105]
Rubus idaeus Jam: 22.5 mg/kg fresh jam.
Red Raspberry
Fruits: 380-1180 mg/kg fresh fruit. [111]
Rubus idaeus
Red Raspberry Fruits: 400.6 mg/kg fresh wt. Determined electrochemically rather than chromatographi- [46]
Rubus idaeus cally.
Red Raspberry
Fruits: 47.4-164.7 mg/kg. [45]
Rubus idaeus L.
Red Raspberry
Fruits: 708 mg/kg fresh wt. [95]
Rubus idaeus
Strawberry Fruit: 14.7 mg/kg fresh fruit. [105]
Fragaria x ananassa Jam: 20.1 mg/kg fresh jam.
Strawberry
Fruits: 55.2 mg/kg fresh wt. Determined electrochemically rather than chromatographically. [46]

Fragaria x ananassa
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(Table 1) Contd....

Source Concentration/Comments Reference
Strawberry
Fruits: 403 mg/kg fresh wt. [95]
Fragaria x ananassa
Strawberry
Fruits: 24-25 mg/kg fresh wt. [112]
Fragaria x ananassa
Strawberry Fruits (free EA): 6.1-26.0 mg/kg FW. [113]
Fragaria x ananassa Fruits (total EA): 170-470 mg/kg FW.
Strawberry
Fruits: 28.6-68.4 mg/kg fresh wt. [114]
Fragaria x ananassa
Strawberry
Fruit pulp: 1450 mg/kg dry wt. [115]

Fragaria x ananassa

Ellagic acid
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Fig. (2). Gut microfloral metabolism of ellagic acid.
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Fig. (3). Phase II (conjugation) metabolism of ellagic acid and urolithin A.

and reported values of 25,591, 100, 90 and 40 uM Trolox equiva-
lents, respectively. The order of antioxidative potency in assay was
TPT>punicalagin>ellagic acid [59]. This suggests that ellagic acid
may have a lower antioxidant effect compared to tannins and other
polyphenolic compounds present in pomegranate juice.

Ellagic acid has been shown to react with (+)-7,8a-dihydroxy-
90,10a-epoxy-7,8,9,10-tetrahydrobenzo[a]pyrene, the ultimate
carcinogen of benzo[a]pyrene by way of nucleophilic addition of
ellagic acid to the electrophilic epoxide (see Fig. 4) [60, 61]. Reac-
tion of ellagic acid with electrophilic DNA-damaging agents is a
possible mechanism for the anticarcinogenic effects of ellagic acid.
Ellagic acid undergoes electrophilic nitrosation by reaction with
sodium nitrite, mineral acid, and pyridine to produce a red quinone
oxime (Aya = 538 nm) [62]. This reaction is the basis for a spectro-
photometric analysis of ellagic acid (see Fig. 5).

Ellagic acid also undergoes interactions with several important
biological macromolecules. Ellagic acid has been shown to cova-
lently bind to DNA in explants of bladder, colon, esophagus, fore-
stomach, and trachea of the rat, as well as to calf thymus DNA [63].
DNA-binding of ellagic acid has been suggested to be a mechanism
for the known antimutagenic and anticarcinogenic activities of the
compound. Ellagic acid has also been shown to be a natural selec-
tive estrogen receptor modulator (SERM). Thus, ellagic acid has
demonstrated estrogenic activity via ERa, whereas it is a complete
estrogen antagonist via ERP. Importantly, ellagic acid exhibited
potent antiestrogenic activity in MCF-7 breast tumor cells [64].
Ellagic acid, therefore, can be reasonably expected to be an endo-
crine disruptor. A nuclear hormone receptor docking analysis using
“Endocrine Disruptome” has revealed that ellagic acid is predicted
to be an androgen receptor (AR) antagonist, an ERp agonist, and an
ERo antagonist [65].

Ellagic acid has also been shown to represent a substrate of

mushroom polyphenol oxidase [66]. This enzyme catalyses the
oxidation of ellagic acid, leading to the production o-quinone [66].
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Quinones represent an important class of toxicological intermedi-
ates that lead to several deleterious processes, including acute cyto-
toxicity, immunotoxicity, and carcinogenesis [67]. Despite this, a
90-day subchronic study found no changes were reported in males
exposed to a diet containing 5% ellagic acid [68]. A slight reduction
in body weights was observed with dose-dependence in females.
The no-observed-effect level (NOEL) was estimated to be 5%
(3011 mg/kg/day) for male rats. In females, the NOEL was <1.25%,
and the no-observed-adverse-effect level (NOAEL) was 5%
(3254 mg/kg/day) and (778 mg/kg/day) [68]. A human trial showed
that pomegranate extract containing 100 mg/day of ellagic acid for
4 weeks attenuated skin pigmentation following irradiation with
ultraviolet ray [69]. These doses were much higher than the ex-
pected daily intake or the reported effective dose.

EFFECTS OF ELLAGIC ACID ON THE NERVOUS SYS-
TEM

Ellagic acid is quite stable under physiological conditions in the
stomach [70], and therefore, can be a potential phytotherapeutic
candidate for the development of neuroprotective drug, which can
be administered orally. It is thought that ellagic acid can cross the
blood-brain barrier, although there are no definitive studies to prove
this. However, ellagic acid may be combined with glucose, and
glucose can readily pass through the blood-brain barrier to induce a
therapeutic effect on the central nervous system [71]. Ellagic acid
possesses multiple pharmacological properties, which are very use-
ful in treatment and management of a variety of nervous system
disorders.

Anti-Inflammatory and Analgesic Effects

Ellagic acid possesses anti-inflammatory, anti-edematous and
analgesic effects [72]. Moreover, extracts containing ellagic acid as
a component have shown a reduction in Tibial & Sural Nerve Tran-
section induced neuropathic pain in a rat model [73]. Ellagic acid
treatment attenuated formalin-induced flinching number in early
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Fig. (4). Nucleophilic addition of ellagic acid to benzo[a]pyrene-7,8-diol-9,10-epoxide.

Fig. (5). Electrophilic nitrosation of ellagic acid to form a quinone oxime.

and late phase with the effective dose of less than 2 mg/kg for each
phase. When the dosing was increased up to 30 mg/kg, the effect
was found comparable to that of morphine (5mg/kg) and indo-
methacin (10 mg/kg), suggesting ellagic acid as a potent analgesic
[74]. Consistently, ellagic acid treatment demonstrated peripheral
antinociceptive effect against early and late phases of formalin-
induced nociception. Pharmacological studies have demonstrated
that the analgesic effects of ellagic acid occur through modulation
of opioid receptors [74]. In another study, several routes of admini-
stration (oral, intraperitoneal and intracerebroventricular) were
employed to elucidate the analgesic effects of ellagic acid in differ-
ent pain models [75]. The antinociceptive effect of ellagic acid was
reversed by naloxone; reaffirming the fact that ellagic acid acts on
opioid receptors [75]. Similarly designed studies demonstrated that
the antinociceptive effects of ellagic acid were mediated by addi-
tional targets, such as, L-arginine-NO-cGMP pathway, and ATP-
sensitive K(+) channels [75, 76]. Therefore, it has been suggested
that in addition to in vivo effects of ellagic acid, topical applications
of ointment or cream containing ellagic acid might be a helpful in
relieving inflammatory pain states [76].

Antioxidant Effects

Treatment with ellagic acid decreased the generation of reactive
oxygen species, and astrocytic cell death due to Cadmium (2+)
exposure [77], suggesting that it can be used as an antidote to cad-
mium-induced neurological disorders. Ellagic acid treatment (on
alternative days for three months) decreased the production of
TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin)-induced superoxide
anion, lipid peroxidation, and DNA single-strand breaks in several
regions of the rat brain. On the contrary, one study indicated that
ellagic acid was a less superior protectant than vitamin E succinate
in TCDD-induced toxicity in the brain [15]. Excessive production
of nitric oxide (NO) in brain tissue has been well-correlated with
neurotoxicity and the pathogenesis of several neurodegenerative
disorders [78]. Ellagic acid has been shown to decrease (NO) pro-
duction in lipopolysaccharide and y-interferon-stimulated C6 astro-
cytes, however, ellagic acid was not more potent than green tea
[78]. Ellagic acid also attenuated rotenone-induced reactive oxygen
species and reactive nitrogen species in PC12 cells and resulted in
antiapoptotic effects [79]. Ferreres et al. (2013) reported that ellagic

acid reduced oxidative stress and has more potent radical scaveng-
ing capacity than that of ascorbic acid. Ellagic acid also prevents
dopamine and copper-mediated DNA damage due to oxidative
stress and cell death, further reaffirming the neuroprotective role of
ellagic acid against oxidative stress [80].

Ellagic acid also demonstrated neuroprotective effects against
the streptozotocin-induced oxidative stress in rats [12]. Ellagic acid
treatment for four weeks ameliorated the decline in paraoxonase,
catalase, and total antioxidant capacity to physiological levels in
streptozotocin-induced diabetic rats [12]. Ellagic acid (50-100
mg/kg/d) also inhibited sorbitol accumulation in lens, erythrocytes,
and sciatic nerve of rats. Taken together, these data suggest that
ellagic acid can be used to relieve diabetic complications in multi-
ple organs and the central nervous system in particular [81].

Advanced Glycation Endproducts (AEs) are a heterogeneous
group of molecules produced from non-enzymatic glycation. AEs
play a key role in the pathogenesis of numerous chronic human
diseases, e.g. type-2 diabetes and Alzheimer's disease [82]. Ellagic
acid was found to be a potent inhibitor of the AEs (more potent than
aminoguanidines) [82]. As well, nitrosative stress-mediated S-
nitrosylation of protein disulfide isomerase (a housekeeping oxi-
doreductase) has been implicated in the pathogenesis of sporadic
Parkinson's and Alzheimer's diseases. Ellagic acid directly inter-
fered with S-nitrosylation of protein disulfide isomerase formation
in vitro, suggestive of its potential therapeutic role in Parkinson’s
and Alzheimer’s disease [79].

Anticancer Effects

Ellagic acid treatment (at a dose of less than 500 pM) decreased
N-acetylation of 2-aminofluorene (a carcinogen) in the cytosolic
preparations obtained from rat cerebrum, cerebellum and pineal
gland [16]. In the same study, ellagic acid administered at the dose
of 10 mg/kg lead to a reduction in total aminofluorene and its me-
tabolites in the pineal gland, but no significant effect was observed
in the cerebellum and cerebrum. This suggests that ellagic acid
decreases the N-acetylation of carcinogens in the rat brain [16].

Ellagic acid inhibits growth and promotes apoptosis in human
neuroblastoma SH-SY5Y cells in a dose- and time-dependent man-
ner [83] and also induces apoptosis in neuronal tumor cells [84].
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Ellagic acid treatment resulted in alterations in the mitochondrial
membrane potential, activation of caspases (caspase-9 and caspase-
3), DNA-fragmentation, and cell death by apoptosis [84]. Ellagic
acid has been employed in biomaterial gels used for the treatment
of brain cancer with beneficial outcomes [13],

Neuroregeneration

Ellagic acid derivatives (3,3'-di-O-methylellagic acid and 3,3'-
di-O-methyl ellagic acid-4-O-beta-D-xylopyranoside) have been
shown to induce neuronal differentiation in neurosphere stem cells
very efficiently with no cytotoxic effects. These data show that
ellagic acid derivatives may be convenient pharmacological candi-
dates for the induction of neurogenesis [85]. Treatment with ellagic
acid reversed traumatic brain injury (TBI)-induced memory im-
pairment and restored hippocampal LTP in rat [11], while it also
attenuated TBI-induced inflammation by decreasing the levels of
IL-1B and IL-6 at the same time. Similarly, ellagic acid was able to
decrease blood brain barrier (BBB) permeability and attenuated
damage to the (BBB). According to Farbood et al.’s (2015) find-
ings, ellagic acid was suggested to have potential therapeutic effects
to prevent TBI-induced brain damage. On the other hand, maternal
dietary supplementation with pomegranate juice (containing ellagic
acid as its main constituent) markedly decreased brain tissue loss in
the hippocampus and cortex of pups in an animal model of neonatal
hypoxic-ischemic brain injury, suggesting that pomegranate juice is
neuroprotective to the neonatal brain [86].

Anti-Amyloidogenic Effects

Recently, it has been shown that ellagic acid promotes the for-
mation of AP fibril in vitro. One study showed that AB42 samples
co-incubated with ellagic acid showed more fibrils in earlier phases
of aggregation [87]. It is believed that plaque formation may repre-
sent a protective mechanism, in which the body can sequester toxic
AP aggregates to render them non-toxic [87]. This was further con-
firmed by the fact that ellagic acid reduced AB42-induced neurotox-
icity in SH-SY5Y cells, suggesting the potential role of ellagic acid
in the treatment of Alzheimer’s disease (AD) [87]. Moreover, el-
lagic acid treatment was found to be beneficial in a mouse model of
AD [88]. The compound has been found to have inhibitory proper-
ties on P-secretase (BACEL), the enzyme responsible for the cleav-
age of amyloid precursor protein (APP) to AP fragments, with an
ICs¢ value in the range of micromolar concentrations. Ellagic acid
also caused non-competitive inhibition of BACE1 and had less
inhibitory effect on y-secretase (TACE) and other serine proteases,
i.e. trypsin, chymotrypsin, and elastase enzymes, highlighting the
huge potential for the treatment of AD [89].

Vascular Effects

Ellagic acid has also been shown to protect against global cere-
bral ischemia (GCIR) in a rat model [90]. GCIR occurs in in pa-
tients suffering from cardiac arrest, asphyxia, and shock. Pretreat-
ment with ellagic acid (100 mg/kg) prevented the reduction in
blood pressure due to common carotid artery occlusion in otherwise
healthy adult male Wistar rats. Ellgaic acid pretreatment also re-
duced the levels of malondialdehyde (MDA), a marker for lipid
peroxidations, and restored the heart rate to physiologically normal
levels [90]. This is the first study to provide evidence for the poten-
tial role of ellagic acid in patients with cerebrovascular insult.

Behavioural Effects

Ellagic acid demonstrated antidepressant-like effects in mice
exposed to the forced swimming test and tail suspension test. The
antidepressant effect of the ellagic acid (25 - 100mg/kg oral doses)
was comparable to that of fluoxetine (20mg/kg oral dose) [91], and
this effect was suggested to be mediated by modulation of the
monoaminergic system [91]. Ellagic acid (25 - 100 mg/kg) also
showed anti-anxiolytic effects, which were comparable to diazepam
(1 mg/kg). Nevertheless, ellagic acid did not exert hypnotic proper-
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ties. Subsequently, the study Girish et al. (2013) led to the folowing
conclusion that acute and chronic administration of ellagic acid to
mice produced anti-anxiety like effects through the involvement of
the GABAergic system. Recently, another study reported that el-
lagic acid displayed a weak inhibitory effect on cholinesterases
related to AD, but a very strong antidepressant effect [92].

CONCLUSION AND FUTURE PROSPECTS

Ellagic acid is an important phenolic constituent of a wide vari-
ety of fruits and vegetables. A growing body of scientific literature
has demonstrated that ellagic acid mitigates neurodegeneration
through regulation of different cellular signaling pathways. In addi-
tion to this, ellagic acid suppresses neuro-inflammation and cell
death in the brain tissues. Ellagic acid is the dilactone of hexahy-
droxydiphenic acid and the presence of hydroxyl moieties in its
chemical structure is responsible mainly for its antioxidant activity.
The present review indicates that ellagic acid possesses beneficial
effects on brain function and mitigates different hallmarks of neu-
rodegeneration. However, a simple search at https://clinicaltrials.
gov/ pointed out to absence of human clinical trials addressing the
neuroprotective effects of ellagic acid. Therefore, the clinical effi-
cacy of ellagic acid for the treatment of brain diseases remains un-
clear, although preclinical studies are quite promising.

Based on this background, we finally recommend that future
studies should be designed to (1) Ascertain the best synthetic pro-
cedure for production of ellagic acid; (2) Increasing the bioavail-
ability of ellagic acid through nanoparticles loading, nanoparticles
encapsulation, as well as its formulation with phospholipid, etc; (3)
Examination of acute and sub-acute toxicity of ellagic acid to ascer-
tain its maximum non-toxic doses; (4) Finding the exact molecular
mechanisms of neuroprotective effects of ellagic acid; and (5) Con-
ducting clinical trials aimed to evaluate the clinical efficacy of el-
lagic acid in neurodegenerative diseases through a large patient
cohort.
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