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Abstract: Background: Several reports highlighted the role of nutraceutical compounds in the pre-
vention and management of HPV-related genital lesions both in men and women, with interesting
results. Here, we reviewed the effect of ellagic acid and Annona muricata for managing HPV-related
genital lesions. Methods: Relevant databases were searched by using methods recommended by
the Preferred Reporting Items for Systematic Reviews and Meta-Analysis guidelines. The primary
endpoint was the clinical cure, defined as the clinical and/or laboratory and/or histopatologically

demonstrated absence of HPV-related lesions at the end of the treatment. Results: We enclosed

check for

updates two retrospective studies, two prospective studies and one randomized controlled trial. In men,

- ) . - ellagic acid and Annona muricata complex improves seminal parameters and HPV-DNA clearance. In
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. . o women, it has a chemopreventive action in cervical cancer and increases the HPV viral clearance. No
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Gallelli, L. The Role of Ellagic Acid clinically significant adverse effects have been reported. Conclusions: In conclusion, the combination
and Annona muricata in the of ellagic acid and Annona muricata shows interesting and promising results in terms of HPV viral
Management of Human clearance and HPV related genital lesions. However, more data are necessary to confirm these results.
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Matkiewicz 1. Introduction
Human papilloma virus (HPV) has been recognized as one of the most common
sexually transmitted virus infections in men and women, including both oncogenic and
non-oncogenic viruses [1,2]. HPV infections are associated with benign diseases, such
as genital warts and malignancies such as cervical, oropharynx and penile cancers [3,4].
The persistence of high-risk HPV genotypes could lead to the progression of cervical
intraepithelial neoplasia [5], and the aim of the treatment should be the reduction in the
By time for the HPV-DNA clearance rate and the persistence of infection. Up to date, the
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Ellagic acid is a polyphenol compound found in many fruits and nuts [10,11], able to
induce several biological effects, e.g., anti-inflammatory, anti-allergy, anti-bacterial [12,13]
and anti-tumor properties [14,15]. In oral epithelial cell cultures [16], it was reported that
ellagic acid can modulate the expression of innate immune mediators. Some authors started
to use ellagic acid for managing male infertility. In this sense, Bucak et al. demonstrated that
ellagic acid reduces the oxidative stress parameters in rat semen, highlighting its probable
protective role in spermatozoa [11]. This activity is related to the antioxidant activity
of ellagic acid, and it is able to deactivate peroxyl radicals, hydroxyl radicals, nitrogen
dioxide and peroxynitrite [17]. Recently Kullappan et al., through molecular docking and
molecular dynamic studies, documented that ellagic acid has the most favorable binding
energy activity against Zika virus NS3 helicase, suggesting that this compound could be
able to reduce the activity of the Zika virus [18]. Similarly, the effect of ellagic acid in
solution and as a gel formulation on HIV enzymes in vitro, as well as HIV-1 replication
and cytokines production in HIV-1-infected cells [19], was evaluated. In this study, the
authors demonstrated that ellagic acid both in solution and in gel possessed potent anti-
HIV-1 activity through the inhibition of the integrase enzyme HIV-1 replication, without
the development of cytotoxicity. However, the authors also reported that ellagic acid
administration did not reduce the secretion of IL-6 and IL-8 induced by HIV-infection.

Annona muricata (Annonaceae family) is known as “Soursop” or “Graviola” is a ter-
restrial deciduous tree used in several traditional medicines for its potent biomedical
properties able to treat various diseases, such as stomach pain, bronchitis and gastric
cancer [20]. The Annonaceae family, besides producing polyphenols, flavonoids and al-
kaloids, produces large quantities of acetogenins, a secondary metabolite derived from
long-chain fatty acids [21] that have been found to have anticancer, anti-inflammatory,
antibacterial and antiviral properties [22]. The phenolic compounds in Annona muricata,
such as quercetin and gallic acid, are reported to be the compounds most responsible
for the antioxidant capacity of the plant [22]. Annona muricata extracts quercetin and
gallic acid, the compounds reported to be most responsible for antioxidant activity [22];
the flavonoids rutin (quercetin 3-O-rutinoside; 2) and naringenin (5,7-dihydroxy-2-(4-
hydroxyphenyl) chroman-4-one; 3) are responsible for the antiviral activity because they
can decrease viral replication [23]. Rutin is an effective inhibitor of dihydrofolate reductase
and shows antiviral, anticancer, anti-inflammatory and heart disease protective activi-
ties [24]. Finally, acetogenins documented significant antiviral activities against herpes
simplex virus-I (HSV-I) [25], dengue virus type 2 [26] and human immunodeficiency virus—I
(HIV-I) [27]. In vivo studies have shown that rutin is an excellent candidate to eliminate the
viral replication of SARS-CoV-2. Elmi et al. [28] suggest that rutin could inhibit angiotensin-
converting enzyme 2 (ACE 2), the receptor that facilitates the entry of SARS-CoV-2 into
lung cells, suppressing the infection.

The aim of this study is to review all available data on the role of ellagic acid and
Annona muricata complex in the management of HPV-related genital infections.

Research Question

We put forth this research query:

Is ellagic acid and Annona muricata complex able to obtain significant pre-clinical data
and a clinical cure in men and women affected by HPV-related genital infections?

In order to respond to these research questions, we performed a systematic review
of all available studies performed with the aim to evaluate the efficacy of ellagic acid and
Annona muricata complex in the management of HPV infections both in males and females.

2. Materials and Methods
Research Strategy and Literature Search

From June to November 2022, two independent reviewers (T.C., M.R.) performed
studies in PubMed database, Cochrane CENTRAL and Scopus. (Figure 1) All disagreements
between the two reviewers were resolved by a supervisor (A.P.). All references cited in
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relevant articles were also reviewed and analyzed. The search strategy used was ‘(Annona
muricata) AND/OR (ellagic acid) AND (human papillomavirus OR HPV)'. As filters, we
used: clinical trial, humans, English language and adult. Moreover, we included all clinical
trials evaluating the clinical efficacy of ellagic acid and Annona muricata complex tested for
managing HPV infections both in males and females in this review. Titles and abstracts
were used to screen for initial study inclusion. Full-text review was used where abstracts
were insufficient to determine if the study met inclusion or exclusion criteria. Two authors
(T.C., M.R.) independently performed all data abstraction, including evaluation of the study
characteristics, risk of bias and outcome measures, with independent verification performed
by the senior author. The study has been performed in line with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA), the recommendations of the
European Association of Urology Guidelines office for conducting systematic reviews and
meta-analysis and previous studies [29,30]. All selected pre-clinical and clinical trials were
used for the systematic review.

=1
".‘3 Records identified from:
é PubMed database, Cochrane
§ CENTRAL and Scopus
A\
A4
h .
Records screened Records excluded by the title and
>
(n=65) abstract
]
o ¥
a .
@ Reports assessed for eligibility | Reports not retrieved
(n=24) (n=16)

Y

Studies included in review

(n=3 - pre-clinical studies)

Included

Studies included in review

Figure 1. The flowchart of the literature search in line with the PRISMA statement.

3. Research Evidence
3.1. Pre-Clinical Data

We evaluated the antiviral effects of Annona muricata and ellagic acid. No pre-clinical
studies have been performed on the combination of Annona muricata and ellagic acid.
However, we found several pre-clinical studies evaluating the antiviral effect of Annona
muricata or ellagic acid. The first study describing the protective effect of ellagic acid against
the genotoxic effects of mutagenic agents was published in 1990 [31]. Moktar et al. [32], in
an experimental study in HPV16-transformed human ectocervical cell lines, documented
that cigarette smokers infected with HPV may be at a higher risk for cervical cancer. In
this model, the treatment with ellagic acid (5 or 15 uM, 0.2% DMSO) for 20 h, was able to
reduce DNA strand breaks induced by cigarette smoke in the cervical cells, supporting
the data related to the antioxidant activity of ellagic acid. Park et al. [33], in the human
epithelial adenocarcinoma cervix cell line infected with human rhinovirus, documented
that ellagic acid significantly suppressed human rhinovirus infection only when added just
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after the virus inoculation (0 h), but not 1 h before or after. These data suggest that ellagic
acid interacts with the human cells in the early stage of human rhinoviruses infections
to protect the cells from virus destruction. In this study, the authors documented that
ellagic acid inhibits virus replication by targeting cellular molecules, rather than virus
molecules [33]. On the other hand, Annona muricata extracts seem to have an interesting
role in viral infections due to their capability to decrease viral replication [34]. All included
pre-clinical studies in this review have been shown in the Table 1.

Table 1. The table shows the summary of all included pre-clinical studies in this review.
Author Year Type of Study Aim Findings Description
Evaluatethe llgicacid 1, (8050 1S 000 ) o nfecion
Moktar A. [32] 2009 In vitro study effect as DNA breaks L y
and treated with cigarette smoke
protector.
condensate.
Bualuate e lgcaca  FAEe g s i e ol
Park SW. [33] 2014 In vitro study effect in protecting the cells . carty stag
L . infections to protect the cells from the
from virus infection. . .
virus destruction.
To study the antiviral and Annona muricata seems to have a positive
Balderrama- . . . . - .
2021 In vitro study antioxidant properties of effect on reducing oxidative stress in
Carmona AP. [34] ! .. .
Annona muricata. human erythrocytes and viral infections.

3.2. Clinical Data

We reviewed the data on studies investigating the clinical efficacy of the combination
of Annona muricata and ellagic acid in patients affected by HPV infections.

3.2.1. Effects in Men with HPV Infections

In male patients, ellagic acid and Annona muricata complex improve HPV-DNA clear-
ance and reduce the time to the virus clearance. In a pilot study, Cai et al. [35] evaluated,
for the first time, the effects of a 3-month treatment with ellagic acid and Annona muricata
in 43 men with oligospermia and HPV-related infections. The authors documented an
improvement of both the number of spermatozoa (10.6 vs. 15.8) and their mobility (27.5%
vs. 36.1%). The authors reported a strong correlation between the HPV-DNA clearance
rate and the number of spermatozoa (r = 0.78; p < 0.001). They concluded that ellagic acid
and Annona muricata complex improved HPV-DNA clearance and seminal parameters,
highlighting the role of this compound in the redirecting the immune responses in viral
infections [35]. These results have been confirmed by La Vignera et al. [36] in males with
infertility treated with ellagic acid (100 mg/day) and Annona muricata (100 mg/day) for
3 months, in comparison with patients under active surveillance (protected sexual inter-
course). The authors found that ellagic acid and Annona muricata complex improve semen
quality and HPV-DNA clearance rate in patients with HR-HPV infection [36].

3.2.2. Effects in Pre-Neoplastic and Neoplastic Cervical Lesions

Several authors documented that ellagic acid and Annona muricata shows a chemo-
preventive action in women with cervical cancer, increasing the viral clearance of HPV [37-39].
In a prospective study, Morosetti et al. [37] documented the protective effects of ellagic acid
and Annona muricata complex on viral clearance and/or cytological lesions in women with
atypical cells of undetermined significance (ASCUS), low-grade squamous intraepithelial
lesions (LSIL) or high-grade squamous intraepithelial lesions (HSIL). In a retrospective
parallel cohort study, Moscato et al. [38] demonstrated that ellagic acid and Annona muricata
complex induce apoptosis, cell cycle arrest and repair mechanisms in cervical cells. Interesting
results have been reported, also, by Le Donne et al. [39] in a pilot study that investigated
the anti-viral activity of ellagic acid and Annona muricata complex in women affected by low
squamous intraepithelial lesions (L-SIL) related to high-risk human papilloma virus. These
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trials documented that the complex ellagic acid and Annona muricata have an interesting role
in terms of HPV viral clearance. All included clinical studies in this review have been shown
in the Table 2.

Table 2. The table shows the summary of all included clinical studies in this review.

Author Year Type of Study Aim Findings Description
To evaluate the effects of a
iﬁ; O;::;?;Z:g?:ﬁ:‘;ﬁ Ellagic acid and Annona muricata complex
CaiT. [35] 2022 Phase I-1I study mur%ca t2 in men with improved HPV-DNA clearance and
oligospermia and seminal parameters.
HPV-related infections.
zﬁae‘;il;lcaige ;};ij;;;f Ellagic acid and Annona muricata complex
. Retrospective & . . improve semen quality and HPV-DNA
La Vignera S. [36] 2022 muricata in men with . . . . .
case—control study inefrtility and HPV clearance rate in patients with high-risk
ey ﬁorf; HPV infection
gﬁae\;ezl;;;e ;ﬁgiﬁfﬁzg Women treated with ellagic acid and
Mu;gica t2 on viral clearance Annona muricata complex were less likely
Morosetti G. [37] 2017 Phase III study and /or cytological lesions in to be diagnosed with an abnormal Pap
yf & ithgpy Smearat 6 and 12 months when compared
:e%:gii ion f‘évc?ir(r)lﬁn wi with the control group.
To compares the evolution of
persistent cervical HPV The use of ellagic acid and Annona
Moscato GME. [38] 2022 Retrospective study m.fectlon in women tr.eated muricata seems an interesting clinical
with nonavalent vaccine or strategy in terms of increasing chance of
ellagic acid and Annona HPV viral clearance.
muricata.
To investigate the anti-viral
activity of ellagic acid and
Annona muricata complex in .. .
Le Donne M. [39] 2017 Pilot study women affected by low Ellagic acid and Annona muricata complex

. s is able to improve the HPV viral clearance.
squamous intraepithelial

lesion (L-SIL) related to HPV
infections.

4. Conclusions, Limitations and Future Perspectives

Several studies investigating the role of diet and nutritional status in HPV genital
infections suggested that natural compounds provide a protective effect against cervical
dysplasia and HPV persistence [40,41]. Other authors demonstrated the antioxidant and
chemopreventive activity of ellagic acid [42] and Annona muricata complex, focusing on its
capability to induce cell cycle arrest in the G1 phase, DNA repair and apoptosis [7,8]. In this
review, we demonstrated that medical devices containing ellagic acid and Annona Muricata
show interesting and promising results in terms of HPV viral clearance and HPV-related
genital lesions both in male and female patients. However, some limitations should be
considered when analyzing these results. The limitations are: the small number of studies
and the low number of enrolled patients. These limitations notwithstanding, our system-
atic review suggests the need of evaluating the effect of nutraceuticals and phytotherapic
compounds as drugs. In particular, the use of a medical device containing ellagic acid and
Annona Muricata could represent an interesting therapy to use in males and females with
HPV genital infections for reducing the time to HPV viral clearance, in association with local
therapy or the HPV vaccine. Long-term follow-up and further multicentric series would be
necessary to definitively establish the long-term benefits of ellagic acid and Annona muricata
complex. Future studies are needed to confirm these results.



Uro 2023, 3 59

Author Contributions: Conceptualization, T.C.; methodology, T.C. and M.R.; software, T.C.; formal
analysis, T.C., M.R. and G.L.; data curation, M.R. and M.P.; writing—original draft preparation,
T.C.; writing—review and editing, L.G.; supervision, A.P. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Baseman, J.G.; Koutsky, L.A. The epidemiology of human papillomavirus infections. J. Clin. Virol. 2005, 32, S16-524. [CrossRef] [PubMed]

2. Laprise, C.; Trottier, H.; Monnier, P.; Coutlee, F.; Mayrand, M.H. Prevalence of human papillomaviruses in semen: A systematic
review and meta-analysis. Hum. Reprod. 2014, 29, 640-651. [CrossRef] [PubMed]

3. Szymonowicz, K.A.; Chen, . Biological and clinical aspects of HPV-related cancers. Cancer Biol. Med. 2020, 17, 864-878. [CrossRef] [PubMed]

4. Cai, T,; Di Vico, T.; Durante, J.; Tognarelli, A.; Bartoletti, R. Human papilloma virus and genitourinary cancers: A narrative review.
Minerva Urol. Nefrol. 2018, 70, 579-587. [CrossRef] [PubMed]

5. Schlecht, N.F;; Kulaga, S.; Robitaille, J.; Ferreira, S.; Santos, M.; Miyamura, R.A.; Duarte-Franco, E.; Rohan, T.E.; Ferenczy, A.;
Villa, L.L; et al. Persistent human papillomavirus infection as a predictor of cervical intraepithelial neoplasia. JAMA 2001, 286,
3106-3114. [CrossRef]

6. Markowitz, L.E.; Dunne, E.F,; Saraiya, M.; Lawson, H.W.; Chesson, H.; Unger, E.R.; Centers for Disease Control and Prevention
(CDC); Advisory Committee on Immunization Practices (ACIP). Quadrivalent Human Papillomavirus Vaccine: Recommendations
of the Advisory Committee on Immunization Practices (ACIP). MMWR Recomm. Rep. 2007, 56, 1-24.

7. Moghadamtousi, S.Z.; Fadaeinasab, M.; Nikzad, S.; Mohan, G.; Ali, H.M.; Kadir, H.A. Annona muricata (Annonaceae): A Review
of Its Traditional Uses, Isolated Acetogenins and Biological Activities. Int. ]. Mol. Sci. 2015, 16, 15625-15658. [CrossRef]

8. Narayanan, B.A.; Geoffroy, O.; Willingham, M.C.; Re, G.G.; Nixon, D.W. p53/p21(WAF1/CIP1) expression and its possible role in
G1 arrest and apoptosis in ellagic acid treated cancer cells. Cancer Lett. 1999, 136, 215-221. [CrossRef]

9. Gugun, D.; Handayani, S.I.; Lisnawati; Tanuarja, B.; Nurbaya, S.; Prasasty, V.D.; Sahar, N. Effect of Annona muricata Leaf Extract
towards the Sertoli Cells on Alloxan-Induced Mice. Pak. J. Biol. Sci. 2021, 24, 1316-1321. [CrossRef]

10. Clifford, M.N; Scalbert, A. Ellagitannins—Nature, occurrence and dietary burden. J. Sci. Food Agr. 2000, 80, 1118-1125. [CrossRef]

11.  Bucak, M.N.; Bodu, M.; Baspinar, N.; Glingor, S.; Ili, P.; Acibaeva, B.; Topraggaleh, T.R.; Dursun, $. Influence of Ellagic Acid and
Ebselen on Sperm and Oxidative Stress Parameters during Liquid Preservation of Ram Semen. Cell J. 2019, 21, 7-13. [PubMed]

12.  Panichayupakaranant, P.; Tewtrakul, S.; Yuenyongsawad, S. Antibacterial, anti-inflammatory and anti-allergic activities of
standardised pomegranate rind extract. Food Chem. 2010, 123, 400-403. [CrossRef]

13.  Rogerio, A.P; Fontanari, C.; Borducchi, E.; Keller, A.C.; Russo, M.; Soares, E.G.; Albuquerque, D.A.; Faccioli, L.H. Anti-
inflammatory effects of Lafoensia pacari and ellagic acid in a murine model of asthma. Eur. J. Pharmacol. 2008, 580, 262-270.
[CrossRef] [PubMed]

14. Larrosa, M.; Tomas-Barberan, FA.; Espin, ].C. The dietary hydrolysable tannin punicalagin releases ellagic acid that induces apoptosis
in human colon adenocarcinoma Caco-2 cells by using the mitochondrial pathway. J. Nutr. Biochem. 2006, 17, 611-625. [CrossRef]

15.  Mertens-Talcott, S.U.; Percival, S.S. Ellagic acid and quercetin interact synergistically with resveratrol in the induction of apoptosis
and cause transient cell cycle arrest in human leukemia cells. Cancer Lett. 2005, 218, 141-151. [CrossRef]

16. Promsong, A.; Chung, W.O.; Satthakarn, S.; Nittayananta, W. Ellagic acid modulates the expression of oral innate immune
mediators: Potential role in mucosal protection. J. Oral Pathol. Med. 2015, 44, 214-221. [CrossRef]

17. Ratnam, D.V,; Ankola, D.D.; Bhardwaj, V.; Sahana, D.K.; Kumar, M.N. Role of antioxidants in prophylaxis and therapy: A
pharmaceutical perspective. J. Control. Release 2006, 113, 189-207. [CrossRef]

18. Kullappan, M.; Benedict, B.A.; Rajajagadeesan, A.; Baskaran, P,; Periadurai, N.D.; Ambrose, ] M.; Gandhamaneni, S.H.; Nakkella,
AK,; Agarwal, A.; Veeraraghavan, V.P; et al. Ellagic Acid as a Potential Inhibitor against the Nonstructural Protein NS3 Helicase
of Zika Virus: A Molecular Modelling Study. Biomed Res. Int. 2022, 2022, 2044577. [CrossRef]

19. Nittayananta, W.; Promsong, A.; Levy, C.; Hladik, F; Chaitaveep, N.; Ungphaiboon, S.; Tewtrakul, S.; Satthakarn, S. Microbicide
Containing Ellagic Acid Can Inhibit HIV-1 Infection. Molecules 2022, 27, 7941. [CrossRef]

20. Adewole, S5.0.; Ojewole, J.A. Protective effects of Annona muricata Linn. (Annonaceae) leaf aqueous extract on serum lipid profiles and
oxidative stress in hepatocytes of streptozotocin-treated diabetic rats. Afr. J. Tradit. Complement. Altern. Med. 2008, 6, 30—41. [CrossRef]

21. Pieme, C.A.; Kumar, S.G.; Dongmo, M.S.; Moukette, B.M.; Boyoum, EF; Ngogang, J.Y.; Saxena, A K. Antiproliferative activity

and induction of apoptosis by Annona muricata (Annonaceae) extract on human cancer cells. BMIC Complement. Altern. Med. 2014,
14, 516. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jcv.2004.12.008
http://www.ncbi.nlm.nih.gov/pubmed/15753008
http://doi.org/10.1093/humrep/det453
http://www.ncbi.nlm.nih.gov/pubmed/24365799
http://doi.org/10.20892/j.issn.2095-3941.2020.0370
http://www.ncbi.nlm.nih.gov/pubmed/33299640
http://doi.org/10.23736/S0393-2249.18.03141-7
http://www.ncbi.nlm.nih.gov/pubmed/30160386
http://doi.org/10.1001/jama.286.24.3106
http://doi.org/10.3390/ijms160715625
http://doi.org/10.1016/S0304-3835(98)00323-1
http://doi.org/10.3923/pjbs.2021.1316.1321
http://doi.org/10.1002/(SICI)1097-0010(20000515)80:7&lt;1118::AID-JSFA570&gt;3.0.CO;2-9
http://www.ncbi.nlm.nih.gov/pubmed/30507083
http://doi.org/10.1016/j.foodchem.2010.04.054
http://doi.org/10.1016/j.ejphar.2007.10.034
http://www.ncbi.nlm.nih.gov/pubmed/18021768
http://doi.org/10.1016/j.jnutbio.2005.09.004
http://doi.org/10.1016/j.canlet.2004.06.007
http://doi.org/10.1111/jop.12223
http://doi.org/10.1016/j.jconrel.2006.04.015
http://doi.org/10.1155/2022/2044577
http://doi.org/10.3390/molecules27227941
http://doi.org/10.4314/ajtcam.v6i1.57071
http://doi.org/10.1186/1472-6882-14-516
http://www.ncbi.nlm.nih.gov/pubmed/25539720

Uro 2023, 3 60

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Biba, V.S.; Amily, A.; Sangeetha, S.; Remani, P. Anticancer, antioxidant and antimicrobial activity of Annonaceae family. Worid J.
Pharm. Pharm. Sci. 2014, 3, 1595-1604.

Wahab, N.Z.A,; Ibrahim, N.; Kamarudin, M.K.A.; Lananan, F; Juahir, H.; Ghazali, A.; Yusra, A.I. Cytotoxicity and antiviral
activity of Annona muricata aqueous leaves extract against dengue virus type 2. J. Fundam. Appl. Sci. 2018, 10, 580-589.

Soni, S.; Malik, J.K.; Sarankar, S.K.; Soni, H. Rutin as a potent inhibitor of dihydrofolate reductase: A computational design and
docking. EAS . Pharm. Pharmacol. 2019, 1, 130-134.

Padma, P.; Pramod, N.P.,; Thyagarajan, S.P.; Khosa, R.L. Effect of the extract of Annona muricata and Petunia nyctaginiflora on
Herpes simplex virus. |. Ethnopharmacol. 1998, 61, 81-83. [CrossRef]

Hariono, M.; Choi, S.B.; Roslim, R.F.; Nawi, M.S.; Tan, M.L.; Kamarulzaman, E.E.; Mohamed, N.; Yusof, R.; Othman, S.; Rahman,
N.A,; et al. Thioguanine-based DENV-2 NS2B/NS3 protease inhibitors: Virtual screening, synthesis, biological evaluation and
molecular modelling. PLoS ONE 2019, 14, e0210869. [CrossRef]

Gavamukulya, Y.; Wamunyokoli, F.; El-Shemy, H.A. Annona muricata: Is the natural therapy to most disease conditions including
cancer growing in our backyard? A systematic review of its research history and future prospects. Asian Pac. |. Trop. Med. 2017,
10, 835-848. [CrossRef]

Elmi, A.; Sayem, S.A.].; Ahmed, M.; Mohamed, F. Natural compounds from Djiboutian medicinal plants as inhibitors of COVID-19
by in silico investigations. ChemRxiv 2020. [CrossRef]

Koves, B.; Cai, T.; Veeratterapillay, R.; Pickard, R.; Seisen, T.; Lam, T.B.; Yuan, Y.; Bruyere, F; Wagenlehner, F,; Bartoletti, R.;
et al. Benefits and Harms of Treatment of Asymptomatic Bacteriuria: A Systematic Review and Meta-analysis by the European
Association of Urology Urological Infection Guidelines Panel. Eur. Urol. 2017, 72, 865-868. [CrossRef]

Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; Group, P. Preferred reporting items for systematic reviews and meta-analyses:
The PRISMA statement. Ann. Intern. Med. 2009, 151, 264-269, W64. [CrossRef]

Stich, H.E; Tsang, S.S.; Palcic, B. The effect of retinoids, carotenoids and phenolics on chromosomal instability of bovine
papillomavirus DNA-carrying cells. Mutat. Res. 1990, 241, 387-393. [CrossRef] [PubMed]

Moktar, A.; Ravoori, S.; Vadhanam, M.V.; Gairola, C.G.; Gupta, R.C. Cigarette smoke-induced DNA damage and repair detected
by the comet assay in HPV-transformed cervical cells. Int. J. Oncol. 2009, 35, 1297-1304. [PubMed]

Park, S.W.; Kwon, M.].; Yoo, ].Y.; Choi, H.J.; Ahn, Y.J. Antiviral activity and possible mode of action of ellagic acid identified in
Lagerstroemia speciosa leaves toward human rhinoviruses. BMC Complement. Altern. Med. 2014, 14, 171. [CrossRef] [PubMed]
Balderrama-Carmona, A.P,; Silva-Beltran, N.P,; Galvez-Ruiz, J.C.; Ruiz-Cruz, S.; Chaidez-Quiroz, C.; Moran-Palacio, E.F. Antiviral,
Antioxidant, and Antihemolytic Effect of Annona muricata L. Leaves Extracts. Plants 2020, 9, 1650. [CrossRef]

Cai, T; Tiscione, D.; Puglisi, M.; Gallelli, L.; Colosimo, M.; Rizzo, M.; Liguori, G.; Mazzoli, S.; Palmieri, A. The Use of Ellagic Acid
and Annona muricata Complex in Male Subjects with Oligospermia and HPV-Related Infections: Results from a Pilot Study. Uro
2022, 2, 166-172. [CrossRef]

La Vignera, S.; Basile, L.; Aversa, A.; Calogero, A.E.; Grillo, A.; Cannarella, R.; Mongioi, L.M.; Condorelli, R.A. The Use of Ellagic Acid
and Annona muricata Improves Semen Quality in Men with High-Risk Papillomavirus Infection. J. Clin. Med. 2022, 11, 4691. [CrossRef]
Morosetti, G.; Criscuolo, A.A.; Santi, F.; Perno, C.E,; Piccione, E.; Ciotti, M. Ellagic acid and Annona muricata in the chemoprevention
of HPV-related pre-neoplastic lesions of the cervix. Oncol. Lett. 2017, 13, 1880-1884. [CrossRef]

Moscato, G.M.E,; Galanti, E.; Criscuolo, A.A.; Ciotti, M.; Riccio, S.; Sorge, R.; Andreoni, M.; Sesti, F. A retrospective study on
two cohorts of immunocompetent women treated with nonavalent HPV vaccine vs. Ellagic acid complex: Outcome of the
evolution of persistent cervical HPV infection. Eur. Rev. Med. Pharmacol. Sci. 2022, 26, 5509-5519.

Le Donne, M.; Lentini, M.; Alibrandi, A.; Salimbeni, V.; Mazzeo, E.; Triolo, O.; D’Anna, R. Antiviral activity of Ellagic acid and
Annona muricata in cervical HPV related pre-neoplastic lesions: A randomized trial. J. Funct. Foods 2017, 35, 549-554. [CrossRef]
Di Domenico, E; Foppoli, C.; Coccia, R.; Perluigi, M. Antioxidants in cervical cancer: Chemopreventive and chemotherapeutic
effects of polyphenols. Biochim. Biophys. Acta 2012, 1822, 737-747. [CrossRef]

Siegel, EM.; Salemi, J.L.; Villa, L.L.; Ferenczy, A.; Franco, E.L.; Giuliano, A.R. Dietary consumption of antioxidant nutrients and
risk of incident cervical intraepithelial neoplasia. Gynecol. Oncol. 2010, 118, 289-294. [CrossRef] [PubMed]

Pani, S.; Mohapatra, S.; Sahoo, A.; Baral, B.; Debata, PR. Shifting of cell cycle arrest from the S-phase to G2/M phase and
downregulation of EGFR expression by phytochemical combinations in HeLa cervical cancer cells. . Biochem. Mol. Toxicol. 2022,
36, €22947. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/S0378-8741(98)00013-0
http://doi.org/10.1371/journal.pone.0210869
http://doi.org/10.1016/j.apjtm.2017.08.009
http://doi.org/10.22159/ijcpr.2020v12i4.39051
http://doi.org/10.1016/j.eururo.2017.07.014
http://doi.org/10.7326/0003-4819-151-4-200908180-00135
http://doi.org/10.1016/0165-1218(90)90069-E
http://www.ncbi.nlm.nih.gov/pubmed/2165562
http://www.ncbi.nlm.nih.gov/pubmed/19885552
http://doi.org/10.1186/1472-6882-14-171
http://www.ncbi.nlm.nih.gov/pubmed/24885569
http://doi.org/10.3390/plants9121650
http://doi.org/10.3390/uro2030020
http://doi.org/10.3390/jcm11164691
http://doi.org/10.3892/ol.2017.5634
http://doi.org/10.1016/j.jff.2017.06.006
http://doi.org/10.1016/j.bbadis.2011.10.005
http://doi.org/10.1016/j.ygyno.2010.05.022
http://www.ncbi.nlm.nih.gov/pubmed/20691333
http://doi.org/10.1002/jbt.22947
http://www.ncbi.nlm.nih.gov/pubmed/34726804

	Introduction 
	Materials and Methods 
	Research Evidence 
	Pre-Clinical Data 
	Clinical Data 
	Effects in Men with HPV Infections 
	Effects in Pre-Neoplastic and Neoplastic Cervical Lesions 


	Conclusions, Limitations and Future Perspectives 
	References

