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The application of bioactive compounds in combination with conventional drugs can improve
therapeutic activities. Various therapeutic activities involve antimicrobial, antioxidant, anticancer,
antidiabetic, and neuroprotective properties for ellagic acid and its derivatives such as 3,3'-di-O-methyl
ellagic acid. For example, ellagic acid has been proclaimed to be effective in the regression of various
kinds of tumors, involving but not limited to lung cancer, colorectal carcinoma, esophageal cancer,
metastatic melanoma, hepatocellular carcinoma, tongue cancer, breast cancer, bladder cancer,
endometrial carcinoma, and prostate cancer. However, ellagic acid has a hydrophobic or lipophilic
property that leads to low circulation in the reticuloendothelial system (RES) or bioavailability. This
mini-review discusses various formulations of ellagic acid considering therapeutic activities based on

activity, Anticancer activity,
Reticuloendothelial system,
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Neuroprotective activity
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1.Introduction

\arious therapeutic applications have been reported

for herbal phenols and polyphenols [1-3]. Ellagic
acid (Cy4HsOgs) is a polyphenol isolated from various
plant species such as Rosa rugosa [4], Rubus
chamaemorus [5], Rubus ursinusxRubus idaeus [6],
Rubus allegheniensis [7], and Rubus fruticosus [8]
(Figure 1). These plant species containing ellagic
acid can be applied to green synthesize metal or
metal oxide nanoparticles (NPs). This ability may
have resulted from ellagic acid's reducing and
stabilizing properties [8].

Hydrophobic or lipophilic property is ellagic acid's
main disadvantage, resulting in bioavailability or low
circulation in the reticuloendothelial system [9].
According to the above introduction, this mini-
review has attempted to explain and discuss the
therapeutic activities of ellagic acid and its
derivatives considering both bulk and nano aspects
of formulations.

2. Antimicrobial activity

Derivatives of ellagic acid, 3,3'-di-O-methyl ellagic
acid, isolated from the root bark of Afzelia Africana,
had antibacterial effects on pathogenic fungi, Gram-
negative, and Gram-positive bacteria. Streptococcus
mutans, Staphylococcus aureus, Escherichia coli,
Candida albicans 1, methicillin-resistant S. aureus
(MRSA), Bacillus subtilis, Klebsiella pneumonia,
and Pseudomonas aeruginosa showed the sensitivity
upon treatment by 3,3’-di-O-methyl ellagic acid as
the minimum inhibitory concentration (MICs,: the
lowest amount of the antibacterial agent at which
50% of the bacteria are inhibited) values of 5.5, 8.3,
0.5, 3.6, 5.9, 2.7, 7.7, and 7.7 mg/mL, respectively
[10]. Green synthesis of metal and metal oxide NPs
has increased the biocompatibility of these NPs,
significantly [11]. Reducing and stabilizing the
properties of ellagic acid available in Rubus
fruticosus L. and Rubus idaeus L. extracts can lead
to the biosynthesis of silver (Ag) NPs.
Biosynthesized AgNPs at 50 ppm by R. fruticosus
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and R. idaeus showed ~40% and ~99% bacterial
inactivation against the dental pathogen of Candida
albicans, respectively. Growth of Enterococcus
faecalis, another dental pathogen, was inhibited by
50 ppm of AgNPs synthesized by R. fruticosus and
R. idaeus with values of ~25% and ~89%,
respectively [8].

Rubus ursinus * R. idaeus

Rubus allegheniensis
Fig. 1. Four main fruits contain a high level of ellagic
acid.

Ellagic acid can form a complex with -cyclodextrin
and  (2-hydroxypropyl)-B-cyclodextrin  due to
increasing antimicrobial and antioxidant activities
[12]. Additionally, loading of ellagic acid on
graphene oxide at a concentration of 5 mg/ml
exhibited enhanced antibacterial effects on Proteus
mirabilis, Escherichia coli, Pseudomonas
aeruginosa, Klebsiella pneumonia, methicillin-
resistant Staphylococcus aureus (MRSA), and S.
aureus by inhibition zone diameters of 3.07, 2.77,
2.5, 3.3, 2.87, and 2.97, respectively. Antibacterial
activity against these bacteria for ellagic acid was
lower at values of 1.65, 1.6, 0, 1.5, 0, and O,
respectively [13].

3. Anticancer activity

In inflammatory and cancer diseases, there is a high
expression of sphingosine kinase 1 (SphK1) [14].
Ellagic acid can bind to ATP-binding pocket of this
enzyme and reduce its catalytic activity in lung
cancer cell lines [15]. Another enzyme with a critical
role in the cancer metabolism is pyruvate
dehydrogenase kinase 3 (PDK3) [16]. This enzyme
can phosphorylate pyruvate dehydrogenase complex
and hinder the entry of pyruvate for its catabolism
into the tricarboxylic (TCA) cycle. Based on in silico
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study, ellagic acid showed the inhibition of the
kinase activity of PDK3 by the lower binding energy
of —7.9 kcal/mol compared to capsaicin, ursolic acid,
limonin, vanillin, citral, DL-a-Tocopherol acetate,
and simvastatin with values of —6.6, —7.6, —7.7,
—6.0, —6.6, —7.4, and —7.2 kcal/mol, respectively
[17]. One of the major clinical challenges in the
chemotherapy of cancers is emerging of multidrug
resistance in various cancer cells [18]. Drug efflux
(expelling drug out of the cells) by ATP binding
cassette (ABC) transporters mainly P-glycoprotein
(P-gp) is the main drug resistance mechanism of
cancer cells [19]. Urolithins can be produced by the
gut microbiota from ellagitannins and ellagic acid.
These natural compounds showed the blocking
activity of drug efflux transporter in breast cancer
[20]. A plethora of nanocarriers, specifically lipid
nanoparticles has been presented for formulations of
therapeutic agents [21]. Loading of the ellagic acid
by apamin-functionalized emulsomes exhibited a
significant apoptotic effect by increasing the
expression of tumor necrosis factor-o (TNF-0) in
breast cancer cells compared to the free ellagic acid
[22].

4. Neuroprotective and anti-aging effects

Alzheimer’s disease (AD) is the common age-related
neurodegenerative disorder, dementia, characterized
by irreversible and progressive loss of neurons.
Deposition of amyloid beta (A B) and tau proteins
can form plaques around brain cells and form tangles
within brain cells [23]. AP oligomers can interact
with various receptors such as the N-methyl-D-
aspartic acid receptor (NMDAR), the receptor for
advanced glycation end product (RAGE), paired
immunoglobulin-like receptor B (PirB), the low-
density lipoprotein receptor-related protein (LRP),
metabotropic glutamate receptors (mGIluRS5), «
subunit-containing nicotinic acetylcholine receptor
(a7nAChR), ephrin type-B receptor 2 (EphB2),
scavenger receptor A-1 (SCARA-1), and microglia
receptors to producing hyperphosphorylated tau,
reactive oxygen species, and inflammatory response
[24]. By increasing SOD mRNA expression, Ellagic
acid can modulate the decrease in entorhinal cortex
(ERC) thickness, caused by neurotoxicity and
caspase-3-mediated apoptosis resulting from the
amyloid precursor protein. Ellagic acid also reduced
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oxidative stress and restored episodic memory in AD
rat models [25]. Furthermore, ellagic acid can
prevent AP induced neurotoxicity in SH-SY5Y
neuroblastoma cells by promoting AP aggregation
into fibrils with significant oligomer loss [26].
Ellagic acid metabolite also inhibits the
hyperphosphorylation of tau and improves learning
and memory deficits in APP/PS1 transgenic mice
model of Alzheimer’s disease [27]. Parkinson's
disease (PD) is a neurodegenerative disease
characterized by o synuclein aggregation in
dopaminergic neurons resulting in neuronal death
[28]. It is indicated that a polyphenolic compound,
ellagic acid can inhibit a-synuclein aggregation and
reduce cytotoxicity [29]. In addition, ellagic acid was
shown to reduce rotenone-elicited ROS and reactive
nitrogen species (RNS) in PC12 cells [30].

5. Antiobesity and Antidiabetic activity

Finding effective antiobesity and antidiabetic drugs
without side effects is a critical challenge for treating
obesity and diabetes. By non-competitive inhibiting
activity, ellagic acid isolated from pomegranate peel
extract exhibited 1Cs, values of 369.83 and 672.81
ug/mL against a-amylase and lipase, respectively. In
addition, a molecular docking study showed the
binding energies of — 6.87 and — 8.54 kcal/mol
toward lipase and a-amylase, respectively. Van der
Waals forces and hydrogen were the two main bonds
for the interaction of ellagic acid with both enzymes
[31]. In a comparative study, glucoside tricetin 4'-O-
B-glucopyranoside, tricetin, luteolin, ellagic acid, and
granatin B isolated from the flowers of Punica
granatum were evaluated against the a-glucosidase
activity. Tricetin showed a significant a-glucosidase
inhibitory activity comparable to the other
ellagitannins, flavones, and antidiabetic drug
acarbose. Hydroxyl groups on the flavone molecule
can increase its inhibition towards lipase, a-
glucosidase, and a-amylase activities [32].

6. Conclusions

The application of natural metabolites in complex
with conventional drugs can synergize therapeutic
activities. Ellagic acid has hydrophobic or lipophilic
properties as a significant limitation for clinical
formulation. Novel formulations in micro and nano
scales can increase the therapeutic activity of ellagic
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acid. Loading of the ellagic acid by apamin-
functionalized emulsomes showed the significant
apoptotic effect in breast cancer cells. Encapsulation
in NPs and loading of these metabolites on NPs are
the main strategies for an effective formulation. In
the case of antiobesity and antidiabetic activities,
hydroxyl groups on the ellagic acid can enhance its
inhibition towards enzymes of lipase, a-glucosidase,
and a-amylase.

Study Highlights

o Ellagic acid has hydrophobic or lipophilic
properties as a significant limitation for clinical
formulation.

¢ Novel formulations in micro and nano scales can
augment the therapeutic activity of ellagic acid.

e Loading of the ellagic acid by apamin-
functionalized emulsomes showed a significant
apoptotic effect in breast cancer cells.

Abbreviations

ABC: ATP binding cassette

AD: Alzheimer’s disease

EphB2: Ephrin type-B receptor 2

LRP: The low-density lipoprotein receptor-related
protein

MGIuR5: Metabotropic glutamate receptors

MRSA: Methicillin-resistant S. aureus

NMDAR: N-methyl-D-aspartic acid receptor

NPs: Nanoparticles

P-gp: P-glycoprotein

PirB: Paired immunoglobulin-like receptor B
RAGE: The receptor for advanced glycation end
product

SCARA-1: Scavenger receptor A-1

SphK1: Sphingosine kinase 1

TCA: Tricarboxylic

TNF-a: Tumor necrosis factor-a

a7nAChR: o subunit containing nicotinic
acetylcholine receptor

Funding
This work was not supported by any institutes.

Conflict of interest

The authors declare that they have no conflict of
interest.

33



Ahmadi and Javid / Novel formulations of ellagic acid for improvement of therapeutic applications, 2023, 2(1): 31-35

Ethical approval

This article does not contain any studies with
animals or human participants performed by any of
the authors.

Author Contributions
Both authors: conceptualization, writing the first
draft, and revising the manuscript.

Acknowledgements
Declared none.

References

l.hassan Aubais-aljelechawy Q, Mohammadi S,
Mohamadian E, Raji Mal Allah O, Mirzaei A,
Ghahremanlou = M.  Antimicrobial, anticancer,
antidiabetic, antineurodegenerative, and antirheumatic
activities of thymol: clarification of mechanisms.
Micro Nano  Bio  Aspects.  2023;2(1):1-7.
doi:https://doi.org/10.22034/mnba.2023.381107.1019
2.Ahmadi S, Ahmadi G, Ahmadi H. A review on
antifungal and antibacterial activities of some
medicinal plants. Micro Nano Bio Aspects.
2022;1(1):10-7.
doi:https://doi.org/10.22034/mnba.2022.150563
3.Alavi M, Yarani R, Sreedharan M, Thomas S. Micro
and nanoformulations of catechins for therapeutic
applications: recent advances and challenges. Micro
Nano Bio Aspects. 2023;2(1):8-19.
doi:https://doi.org/10.22034/mnba.2023.382922.1021
4 Nijat D, Lu C-f, Lu J-j, Abdulla R, Hasan A,
Aidarhan N, et al. Spectrum-effect relationship
between UPLC fingerprints and antidiabetic and
antioxidant activities of Rosa rugosa. Journal of
Chromatography B. 2021;1179:122843.
doi:https://doi.org/10.1016/].jchromb.2021.122843
S5.Pemmari T, Hamaéldinen M, Ryyti R, Peltola R,
Moilanen E. Cloudberry (Rubus chamaemorus L.)
Supplementation Attenuates the Development of
Metabolic Inflammation in a High-Fat Diet Mouse
Model of Obesity. Nutrients. 2022;14(18):3846.
doi:https://doi.org/10.3390/nu14183846
6.Stamenkovi¢ Z, Pavkov I, Radoj¢in M, Tepié
Horecki A, KeSelj K, Bursa¢ Kovacevi¢ D, et al.
Convective drying of fresh and frozen raspberries and
change of their physical and nutritive properties.
Foods. 2019;8(7):251.
doi:https://doi.org/10.3390/foods8070251

7.Karna KK, Choi B-R, Kim C-Y, Kim H-K, Park J-
K. Rubus occidentalis and Ellagic Acid Affect the
Contractility of Penile Corpus Cavernosum Smooth
Muscle through the Nitric Oxide-Cyclic Guanosine

Monophosphate and Cyclic Adenosine 3', 5'-
Monophosphate  Signaling Pathway. Journal of
Clinical Medicine. 2022;11(10):2947.
doi:https://doi.org/10.3390/jcm11102947

8.Ekrikaya S, Yilmaz E, Celik C, Demirbuga S, Ildiz
N, Demirbas A, et al. Investigation of ellagic acid
rich-berry extracts directed silver nanoparticles
synthesis and their antimicrobial properties with
potential mechanisms towards Enterococcus faecalis
and Candida albicans. Journal of Biotechnology.
2021;341:155-62.
doi:https://doi.org/10.1016/j.jbiotec.2021.09.020
9.Mohammadinejad A, Mohajeri T, Aleyaghoob G,
Heidarian F, Kazemi Oskuee R. Ellagic acid as a
potent anticancer drug: A comprehensive review on in
vitro, in vivo, in silico, and drug delivery studies.
Biotechnology and Applied Biochemistry.
2022;69(6):2323-56.
doi:https://doi.org/10.1002/bab.2288

10.Vigbedor BY, Akoto CO, Neglo D. Isolation and
characterization of 3,3'-di-O-methyl ellagic acid from
the root bark of Afzelia africana and its antimicrobial
and antioxidant activities. Scientific = African.
2022;17:¢01332.
doi:https://doi.org/10.1016/j.sciaf.2022.¢01332
11.Alavi M, Hamblin MR, Kennedy JF. Antimicrobial
applications of lichens: secondary metabolites and
green synthesis of silver nanoparticles: A review.
Nano Micro Biosystems. 2022;1(1):15-21.
doi:https://doi.org/10.22034/nmbj.2022.159216
12.Savic IM, Jocic E, Nikolic VD, Popsavin MM,
Rakic SJ, Savic-Gajic IM. The effect of complexation
with  cyclodextrins on the antioxidant and
antimicrobial activity of ellagic acid. Pharmaceutical
Development and Technology. 2019;24(4):410-8.
doi:https://doi.org/10.1080/10837450.2018.1502318
13.Hussein-Al-Ali SH, Abudoleh SM, Hussein MZ,
Bullo S, Palanisamy A. Graphene oxide-ellagic acid
nanocomposite as  effective  anticancer and
antimicrobial  agent. IET  Nanobiotechnology.
2021;15(1):79-89.
doi:https://doi.org/10.1049/nbt2.12009

14.Roy S, Khan S, Jairajpuri DS, Hussain A, Alajmi
MF, Islam A, et al. Investigation of sphingosine kinase
1 inhibitory potential of cinchonine and colcemid
targeting anticancer therapy. Journal of Biomolecular
Structure and Dynamics. 2022;40(14):6350-62.
doi:https://doi.org/10.1080/07391102.2021.1882341
15.Gupta P, Mohammad T, Khan P, Alajmi MF,
Hussain A, Rehman MT, et al. Evaluation of ellagic
acid as an inhibitor of sphingosine kinase 1: A targeted
approach towards anticancer therapy. Biomedicine &
Pharmacotherapy. 2019;118:109245.
doi:https://doi.org/10.1016/j.biopha.2019.109245
16.Anwar S, DasGupta D, Shafie A, Alhumaydhi FA,

Nano Micro Biosystems

34


https://doi.org/10.22034/mnba.2023.381107.1019
https://doi.org/10.22034/mnba.2022.150563
https://doi.org/10.22034/mnba.2023.382922.1021
https://doi.org/10.1016/j.jchromb.2021.122843
https://doi.org/10.3390/nu14183846
https://doi.org/10.3390/foods8070251
https://doi.org/10.3390/jcm11102947
https://doi.org/10.1016/j.jbiotec.2021.09.020
https://doi.org/10.1002/bab.2288
https://doi.org/10.1016/j.sciaf.2022.e01332
https://doi.org/10.22034/nmbj.2022.159216
https://doi.org/10.1080/10837450.2018.1502318
https://doi.org/10.1049/nbt2.12009
https://doi.org/10.1080/07391102.2021.1882341
https://doi.org/10.1016/j.biopha.2019.109245

Ahmadi and Javid / Novel formulations of ellagic acid for improvement of therapeutic applications, 2023, 2(1): 31-35

Alsagaby SA, Shahwan M, et al. Implications of
tempol in pyruvate dehydrogenase kinase 3 targeted
anticancer therapeutics: Computational, spectroscopic,
and calorimetric studies. Journal of Molecular
Liquids. 2022;350:118581.
doi:https://doi.org/10.1016/j.molliq.2022.118581
17.Dahiya R, Mohammad T, Gupta P, Haque A,
Alajmi MF, Hussain A, et al. Molecular interaction
studies on ellagic acid for its anticancer potential
targeting pyruvate dehydrogenase kinase 3. RSC
Advances. 2019;9(40):23302-15.
doi:https://doi.org/10.1039/CORA02864A

18.Zhang C, Zhou X, Zhang H, Han X, Li B, Yang R,
et al. Recent Progress of Novel Nanotechnology
Challenging the Multidrug Resistance of Cancer.
Frontiers in Pharmacology. 2022;13.
doi:https://doi.org/10.3389/fphar.2022.776895

19.Pote MS, Gacche RN. ATP-binding cassette efflux
transporters and MDR in cancer. Drug Discovery
Today. 2023;28(5):103537.
doi:https://doi.org/10.1016/j.drudis.2023.103537
20.Gonzalez-Sarrias A, Miguel V, Merino G, Lucas R,
Morales JC, Tomas-Barberan F, et al. The Gut
Microbiota Ellagic Acid-Derived Metabolite Urolithin
A and Its Sulfate Conjugate Are Substrates for the
Drug Efflux Transporter Breast Cancer Resistance
Protein (ABCG2/BCRP). Journal of Agricultural and
Food Chemistry. 2013;61(18):4352-9.
doi:https://doi.org/10.1021/jf4007505

21.Mozafari MR, Alavi M. Main distinctions between
tocosome and nano-liposome as drug delivery
systems: A scientific and technical point of view.
Micro Nano Bio  Aspects.  2023;2(1):26-9.
doi:https://doi.org/10.22034/mnba.2023.386877.1023
22 Badr-Eldin SM, Aldawsari HM, Fahmy UA,
Ahmed OAA, Alhakamy NA, Al-hejaili OD, et al.
Optimized Apamin-Mediated Nano-Lipidic Carrier
Potentially Enhances the Cytotoxicity of Ellagic Acid
against Human Breast Cancer Cells. International
Journal of Molecular Sciences. 2022;23(16):9440.
doi:https://doi.org/10.3390/ijms23169440

23.Vogt A-CS, Jennings GT, Mohsen MO, Vogel M,
Bachmann MF. Alzheimer’s Disease: A Brief History
of  Immunotherapies  Targeting Amyloid .
International Journal of Molecular Sciences.
2023;24(4):3895.
doi:https://doi.org/10.3390/ijms24043895

24.Chen G-f, Xu T-h, Yan Y, Zhou Y-r, Jiang Y,
Melcher K, et al. Amyloid beta: structure, biology and
structure-based  therapeutic  development. Acta
Pharmacologica Sinica. 2017;38(9):1205-35.
doi:https://doi.org/10.1038/aps.2017.28

25.Ramadan WS, Alkarim S. Ellagic acid modulates
the amyloid precursor protein gene via superoxide
dismutase regulation in the entorhinal cortex in an

experimental alzheimer’s model. Cells.
2021;10(12):3511.
doi:https://doi.org/10.3390/cells10123511

26.Feng Y, Yang S-g, Du X-t, Zhang X, Sun X-x,
Zhao M, et al. Ellagic acid promotes Ab42
fibrillization and inhibits. 2009.
doi:https://doi.org/10.1016/j.bbre.2009.10.130
27.Zhong L, Liu H, Zhang W, Liu X, Jiang B, Fei H,
et al. Ellagic acid ameliorates learning and memory
impairment in APP/PS1 transgenic mice via inhibition
of B-amyloid production and tau
hyperphosphorylation. Experimental & Therapeutic
Medicine. 2018;16(6):4951-8.
doi:https://doi.org/10.3892/etm.2018.6860
28.Weinreb PH, Zhen W, Poon AW, Conway KA,
Lansbury PT. NACP, a protein implicated in
Alzheimer's disease and learning, is natively unfolded.
Biochemistry. 1996;35(43):13709-15.
doi:https://doi.org/10.1021/bi961799n

29.Kumar S, Kumar R, Kumari M, Kumari R, Saha S,
Bhavesh NS, et al. Ellagic acid inhibits a-synuclein
aggregation at multiple stages and reduces its
cytotoxicity. ACS Chemical Neuroscience.
2021;12(11):1919-30.
doi:https://doi.org/10.1021/acschemneuro.1c00001
30.Kabiraj P, Marin JE, Varela-Ramirez A, Zubia E,
Narayan M. Ellagic acid mitigates SNO-PDI induced
aggregation of Parkinsonian biomarkers. ACS
Chemical Neuroscience. 2014;5(12):1209-20.
doi:https://doi.org/10.1021/cn500214k

31.Wang S, Liu S, Liu C, Tang S, Gu D, Tian J, et al.
Affinity screening of potential anti-obesity and anti-
diabetic component from pomegranate peel by co-
immobilization of lipase and a-amylase using carbon
nanotube and hydrogel. Process Biochemistry. 2023.
doi:https://doi.org/10.1016/j.procbio.2023.01.002
32.Wu S, Tian L. A new flavone glucoside together
with known ellagitannins and flavones with anti-
diabetic and anti-obesity activities from the flowers of
pomegranate (Punica granatum). Nat Prod Res.
2019;33(2):252-7.
doi:https://doi.org/10.1080/14786419.2018.1446009

HOW TO CITE THIS ARTICLE:
Ahmadi S, Javid H. Novel formulations of ellagic
acid for the improvement of antimicrobial,

antioxidant, anticancer, antidiabetic, and
neuroprotective  applications. Nano Micro
Biosystems. 2023;2(1):31-35.doi:

https://doi.org/10.22034/nmbj.2023.388479.1015

Nano Micro Biosystems

35


https://doi.org/10.1016/j.molliq.2022.118581
https://doi.org/10.1039/C9RA02864A
https://doi.org/10.3389/fphar.2022.776895
https://doi.org/10.1016/j.drudis.2023.103537
https://doi.org/10.1021/jf4007505
https://doi.org/10.22034/mnba.2023.386877.1023
https://doi.org/10.3390/ijms23169440
https://doi.org/10.3390/ijms24043895
https://doi.org/10.1038/aps.2017.28
https://doi.org/10.3390/cells10123511
https://doi.org/10.1016/j.bbrc.2009.10.130
https://doi.org/10.3892/etm.2018.6860
https://doi.org/10.1021/bi961799n
https://doi.org/10.1021/acschemneuro.1c00001
https://doi.org/10.1021/cn500214k
https://doi.org/10.1016/j.procbio.2023.01.002
https://doi.org/10.1080/14786419.2018.1446009
https://www.nmb-journal.com/article_169121.html

