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ABSTRACT

Quercetin is a versatile natural molecule considered as flavonoid exhibiting with a variety of modes of action and broad-
spectrum antibacterial effects. It may be used as an antibacterial drug because it damages bacterial cell membranes, prevents
DNA breakage, and prevents bacteria from forming biofilms. It has synergistic effects with antifungal drugs because it causes
disruption of cell membranes, decreases nucleic acid production, and initiates apoptosis in fungus. Quercetin's antiviral effect
is attributed to its targeting of vital viral enzymes, disruption of capsid proteins, and inhibition of viral reproduction.
Moreover, it has demonstrated effectiveness against a number of viral infections, including COVID-19, Ebola, Zika virus,
HIV-1, HCV, etc. Through its effects on the nervous system, oxidative stress, and nematode damage, quercetin also
demonstrates anthelmintic capabilities. Its potential uses range from the treatment of bacterial and fungal illnesses to the
management of viral pandemics and nematode control, underscoring its adaptability and relevance in antimicrobial research.
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INTRODUCTION

Quercetin, chemically a flavonoid polyphenol, stands out as
an important phytochemical potentially available in many
different plants such as onions, citrus fruits, apples, parsley,
red wine, tea and berries. With an average daily
consumption of 25-50 milligrams, it is one of the most
prevalent dietary flavonoids [1]. Various sources highlight
its importance, with many health benefits due to its
bioactive properties. This compound has engrossed
attention for its outstanding antioxidant properties, having
anti-cancer,  anti-mutation, and  anti-inflammatory
properties [2].

Many groups of pathogens persist in plant and human
populations, posing significant threats to health and
agriculture.
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Consequently, quercetins pronounced as highly effective
anti-pathogen agent as it is a formidable opponent against a
multitude of pathogens.

The presence of hydroxyl groups and double bonds allows
quercetin to form complexes like other phenolic compounds
[3]. These molecular characteristics play an important role
in determining the biological function of quercetin against
various pathogens, with its ability to fight many pathogenic
threats originating from this property. Apparently, as a
natural secondary metabolite, appears to be a readily
available tool to suppress the activity of these pathogens
[4]. Its specific effects on the epidermal, respiratory,
digestive, and urinary systems highlight its ability to
significantly reduce the pathogenic potential of bacteria on
human health.
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In addition, the antiviral properties of quercetin are
remarkable, especially in its ability to inhibit replication and
fight infection of viruses such as adenovirus, herpes
simplex virus, and virulent viruses [5].

In the pharmaceutical landscape, quercetin has been
exploited for its many human health benefits, and its
potential to improve plant viability throughout its shelf life
is a testament to its effectiveness [6]. One of the main
contributing factors to the onset of diseases like metabolic
syndrome, vascular disorders, and hypertension in humans
is free radical stress. We can use the power of this naturally
occurring compound to create novel therapeutic
interventions and improved agricultural practices that
enhance human health by comprehending the intricate
relationships that exist between quercetin and pathogens.
The objective of this research was to delve deeper into the
complex characteristics of quercetin, examine its mode of
action, and examine its possible uses in fighting different
infections.
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Inhibitory effects of quercetin on bacteria

Bacterial cell walls and membranes are structurally
disrupted by quercetin, which results in cell death. In treated
Escherichia coli and Staphylococcus aureus, it specifically
causes permeability to increase, endochylema contents to
be released, protein synthesis to decrease, cell protein
expression to change, and ultimately cell lysis and death [7].
Furthermore, different bacterial
different Minimal Inhibitory Concentrations (MIC) in order
to stop cell growth (Figure 1).

strains may require

There is ample evidence linking the structure of quercetin
to its antibacterial properties, and numerous studies have
investigated the specific flavonoid mechanisms of action.
Quercetin inhibits the bacterial gyrase's ability to supercoil
by causing DNA cleavage. It has the potential to be a useful
antibacterial drug since it has been demonstrated to bind to
the 24 kDa region of Escherichia coli gyrase B and decrease
ATPase activity. Quercetin also contributes to its
antibacterial mechanism by intercalating with bacterial
DNA in complex with iron, which causes supercoiled DNA
to cleave [8].
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Figure 1. Minimum Inhibitory Concentration (MIC). (10, 49-52).

By disrupting bacterial quorum sensing pathways, quercetin
not only stops the formation of biofilms but also stops
bacteria from adhering to target organs. It has been shown
to prevent different bacterial species from producing
biofilms (Table 1). Moreover, quercetin inhibits the
swimming and swarming motility of bacteria, including
Streptococcus mutans and Pseudomonas aeruginosa, which
reduces quorum sensing and biofilm formation [9].

Furthermore, in many bacterial species, quercetin has been
shown to reduce the activity of essential pathogenic
enzymes. Notably, it inhibits enzymes that are essential for
bacterial virulence, such as coagulase and gingipain
proteases [7,10]. In bacteria, it suppresses the expression of
virulence genes like sigB, prfA, inlA, inlC, and actA.
Moreover, it hinders the expression of virulence factors like
[11,12].

pneumolysin in Streptococcus pneumoniae



Quercetin also interferes with bacterial quorum sensing
mechanisms involved in the production of virulence factors
like protease, elastase, and pyocyanin. By disrupting
quorum sensing, it diminishes bacterial virulence and
biofilm formation [9,13]. Researchers also disclosed that
quercetin prevents the activity of sortase A in Streptococcus
pneumoniae, responsible for anchoring. On the flip side,

quercetin can enhance the antibacterial activity of
antibiotics against drug-resistant bacterial strains. This
enhancement has been observed with antibiotics such as
vancomycin, ampicillin, cefepime, and meropenem [14,15].
Collectively, these mechanisms contribute to quercetin's
antibacterial activity, positioning it as a promising natural
compound for combating bacterial infections (Figure 2).

Table 1. Evidence of biofilm regeneration inhibition in different bacterial species.

Bacteria

Mechanism

Listeria monocytogene

Impaired cell-to-cell interactions

Staphylococcus Negative effects on ICA and PTA
epidermidis
Enterococcus faecalis Exerts its inhibitory effect by disturbing glycolytic, protein translation-elongation

and protein folding pathways

Pseudomonas aeruginosa | Transcriptional regulators of quorum sensing related gene

Vibrio parahaemolyticus Inducing cell lysis

Streptococcus mutans Disrupted the pH

Streptococcus
pneumoniae

Blockage of SrtA gene function

Note: *ICA=Intercellular Adhesion, PIA=Polysaccharide Intercellular Adhesion
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Figure 2. Graphical sketch on mode of actions of quercetin against different pathogens.

Prevalence of antifungal properties of quercetin

Similar to its impact on bacterial inhibition, quercetin also
disrupts the plasma membrane in fungi. For example, in
Trichophyton rubrum, quercetin downregulates the enzyme
fatty acid synthase and reduces ergosterol levels, ultimately

leading to plasma membrane disruption (16). Additionally,
quercetin hinders nucleic acid synthesis in fungi, as
observed in Cochliobolus lunatus [17]. In Candida albicans
and Candida tropicalis, quercetin induces apoptosis
alongside an increase in intracellular magnesium,
mitochondrial dysfunction, disruption of membrane



integrity, and DNA damage [18,19].

Mitochondrial ~ dysfunction is  evident through
mitochondrial ~ depolarization, increased levels of
intracellular Reactive Oxygen Species (ROS) contributing
to oxidative stress and damage to cellular components, as
well as disruption of the mitochondrial antioxidant system
by quercetin [18]. When combined with antifungal
antibiotics like fluconazole, quercetin exhibits synergistic
effects. This combination not only inhibits biofilm
formation but also downregulates the expression of biofilm-
forming genes. Moreover, it inhibits cell adhesion and other
fungal metabolic processes [20]. Quercetin also
downregulates virulence factors in fungi. In Candida

albicans, it reduces biofilm formation, hemolytic activity,
and enzyme activities (e.g., proteinase, phospholipase,
esterase), as well as inhibits hyphal development.
Additionally, in another Candida species, Candida
parapsilosis, quercetin diminishes biofilm formation.
Morphological changes in fungal cells are observed in
Candida tropicalis, leading to alterations in cell
morphology and contributing to the antifungal effect. At
times, quercetin disrupts fungal cell adhesion. Moreover, in
combination with antifungal antibiotics, it inhibits cell
adhesion and Cell Surface Hydrophobicity (CSH), thereby
reducing fungal adhesion to surfaces. There is substantial
evidence of diversified antifungal properties of quercetin,
as demonstrated by various researchers (Table 2).

Table 2. Diversified antifungal properties of quercetin.

Fungus Mode of action
Aspergillus niger Disruptive potential of biofilm, preventing cell surface attachment
Aspergillus flavus against Aspergillus flavus, quercetin exhibited antifungal properties

C. metapsilosis, C. orthopsilosis, and C. parapsilosis

Quercetin was more effective than kaempferol as an antifungal agent

Candida species and Cryptococcus neoformans

Evidence of synergistic antifungal action

Vulvovaginal candidiasis

Quercetin and fluconazole have a synergistic antifungal action

Quercetin as an antiviral agent

Quercetin exerts inhibitory effects on essential viral
enzymes, including polymerases, reverse transcriptase,
proteases, and integrase, crucial for viral replication. It can
also interfere with the function of helicase in certain
viruses, such as the Hepatitis C Virus (HCV). Moreover,
quercetin has the capability to interfere with viral capsid
proteins and the binding of viral nucleic acid, disrupting the
structural integrity of the virus. Therefore, it reduces the
infectivity of several viruses, including Herpes Simplex
Virus (HSV-1), Poliovirus, Parainfluenza virus type 3, and
Respiratory Syncytial Virus (RSV). Quercetin specifically
blocks different viral replication stages and intracellular
phases. The interference with viral replication is
demonstrated by the blockade of endocytosis, inhibition of
the activity of phosphatidylinositol 3-kinase, inhibition of
RNA polymerase and other viral proteins, and enhancement

of the antiviral response of mitochondria. Moreover,
Quercetin prevents Influenza a HIN1 and H7N9 viruses
from using their neuraminidase enzyme, which is necessary
for the release of fresh viral particles from infected cells.

In some HCV genotypes, quercetin inhibits the activity of
p7 proteins, both of which are essential for viral replication
(26, 30). At times, it blocks viral binding and penetration to
host cells and prevents the activation of NF-«xB at the onset
of infection in Herpes Simplex Virus (HSV-1 and HSV-2)
and Acyclovir-resistant HSV-1. Again, certain viruses,
including the Influenza A virus, the Vesicular Stomatitis
Virus, the Newcastle Disease Virus, HSV, and other
Influenza A subtypes, induce the release of type I interferon
(IFN) and other pro-inflammatory cytokines in response to
quercetin. Notably, quercetin has established its significant
impact in combating several viral pandemics (Table 3).

Viral pandemic | Influence of quercetin

C Virus)

HCV (Hepatitis | Decreased viral load

HIV-1 Toxicity and anti-HIV activity of quercetin compounds on
TZM-bl cells

Zika virus Quercetin glucoside’s cytotoxic effects on the Zika virus




COVID 19 inhibitory effect on human ACE2 receptors, SARS-CoV-2
enzymes, antioxidant, anti-inflammatory, and
immunomodulatory properties

Ebola The molecule can rapidly exert its anti-EBOV activity in
plasma, mainly due to its metabolite, Q3G, or in tissues where
Q3G is converted into its aglycone form.

Table 3. Quercetin roles against several viral pandemics.

DISCUSSION
Nematode and quercetin antagonism

Due to quercetin's anthelmintic characteristics, the
Haemonchus contortus nematode suffers harm to multiple
body parts, including neuropils, which ultimately results in
paralysis and death. This effect is ascribed to the production
of oxidative stress, which affects enzymes involved in the
stress response, including glutathione peroxidase, catalase,
and superoxide dismutase. Primarily targeting the nervous
system of adult worms, quercetin induces paralysis and
eventual death.

Moreover, quercetin could regulate feeding sites of plant-
parasitic nematodes, facilitating auxin accumulation, and
affecting cell cycle progression. It may also influence
nematode fertility by limiting egg production or affecting
male-to-female nematode ratios. Additionally, quercetin
can control endoreduplication and prevent apoptosis in
feeding sites, potentially impacting the nematode-induced
cell cycle. It has the potential to modify the nematode-
induced cytoskeleton, particularly actin filaments, in
feeding sites. Flavonoids, including quercetin, can act as
defense compounds in plants against nematode infections,
influencing nematode behavior, survival, and host root
attraction. At micromolar concentrations, quercetin repels
and slows down the growth of Meloidogyne incognita at the
early stage. In certain cases, the toxicity might lead to the
death of juvenile nematodes like Helicoverpa zea, an
entomopathogenic nematode. These points illustrate the
diverse mechanisms by which quercetin impacts
nematodes, ranging from direct anthelmintic effects to the
regulation of nematode feeding sites and potential roles in
the plant's defense against nematode infections.

Overall, the mechanisms outlined demonstrate the various
ways quercetin acts against different pathogens, resulting in
the death of pathogens or the suppression of their ability to
reproduce, as depicted in Figure 2. Although quercetin's
actions may differ across different pathogenic groups, the
ultimate outcome is the elimination or significant reduction

of pathogen populations.

CONCLUSION

Quercetin can be highlighted with numerous antimicrobial
properties against nematodes, bacteria, fungi, and viruses.
Functionally for diminishing the pathogens it breaks down
cell membranes, obstructs DNA cleavage, and increases
antibiotic potency against resistant strains. Quercetin works
with antifungal antibiotics to suppress fungal processes and
inhibit virus spread. It also harms nematodes, causing
paralysis and death. Besides, quercetin illustrations promise
in treating infectious diseases and may be used in clinical
and agricultural settings.

REFERENCES

1. Formica JV, Regelson W (1995). Review of the
biology of quercetin and related bioflavonoids. Food Chem
Toxicol. 33(12):1061-1080.

2. Aghababaei F, Hadidi M (2023). Recent advances
in potential health benefits of quercetin. Pharmaceuticals.
16(7):1020.

3. Leonard W, Zhang P, Ying D, Fang Z (2022).
Tyramine-derived hydroxycinnamic acid amides in plant
foods: sources, synthesis, health effects and potential
applications in food industry. Crit Rev Food Sci Nutr.
62(6):1608-1625.

4. Salehi B, Machin L, Monzote L, Sharifi-Rad J,
Ezzat SM, Salem MA, et al. (2020). Therapeutic Potential
of Quercetin: New insights and perspectives for human
health. ACS Omega. 5(20):11849-11872.

5. Di Petrillo A, Orru G, Fais A, Fantini MC (2022).
Quercetin and its derivates as antiviral potentials: A
comprehensive review. Phytother Res. 36(1):266-278.

6. Yang D, Wang T, Long M, Li P (2020). Quercetin:
its main pharmacological activity and potential application
in clinical medicine. Oxid Med Cell Longev.
2020(1):8825387.

7. Wang L, Li BB, Si X, Liu X, Deng X, Niu X, et al.
(2019). Quercetin protects rats from catheter-related


https://www.sciencedirect.com/science/article/pii/0278691595000771?via%3Dihub
https://www.sciencedirect.com/science/article/pii/0278691595000771?via%3Dihub
https://www.mdpi.com/1424-8247/16/7/1020
https://www.mdpi.com/1424-8247/16/7/1020
https://www.tandfonline.com/doi/full/10.1080/10408398.2020.1845603
https://www.tandfonline.com/doi/full/10.1080/10408398.2020.1845603
https://www.tandfonline.com/doi/full/10.1080/10408398.2020.1845603
https://pubs.acs.org/doi/10.1021/acsomega.0c01818
https://pubs.acs.org/doi/10.1021/acsomega.0c01818
https://pubs.acs.org/doi/10.1021/acsomega.0c01818
https://onlinelibrary.wiley.com/doi/epdf/10.1002/ptr.7309
https://onlinelibrary.wiley.com/doi/epdf/10.1002/ptr.7309
https://onlinelibrary.wiley.com/doi/full/10.1155/2020/8825387
https://onlinelibrary.wiley.com/doi/full/10.1155/2020/8825387
https://onlinelibrary.wiley.com/doi/full/10.1155/2020/8825387
https://onlinelibrary.wiley.com/doi/10.1111/jcmm.14371

Staphylococcus aureus infections by inhibiting coagulase
activity. J Cell Mol Med. 23(7):4808—4818.

8. Raza A, Xu X, Xia L, Xia C, Tang J, Ouyang Z, et
al.  (2016). Quercetin-iron  complex:  synthesis,
characterization, antioxidant, DNA binding, DNA
cleavage, and antibacterial activity studies. J Fluoresc.
26:2023-2031.

9. Manner S, Fallarero A (2018). Screening of
natural product derivatives identifies two structurally
related flavonoids as potent quorum sensing inhibitors
against gram-negative bacteria. Int ] Mol Sci. 19(5):1346.
10. He Z, Zhang X, Song Z, Li L, Chang H, Li S, et al.
(2020). Quercetin inhibits virulence properties of
Porphyromas gingivalis in periodontal disease. Sci Rep.
10(1): 18313.

11. Vazquez-Armenta FJ, Hernandez-Ofiate MA,
Martinez-Tellez MA, Lopez-Zavala AA, Gonzalez-Aguilar
GA, Gutierrez-Pacheco MM, et al. (2020). Quercetin
repressed the stress response factor (sigB) and virulence
genes (prfA, actA, inlA, and inlC), lower the adhesion, and
biofilm development of L. monocytogenes. Food Microbiol.
87:103377.

12. Lv Q, Zhang P, Quan P, Cui M, Liu T, Yin Y, et
al. (2020). Quercetin, a pneumolysin inhibitor, protects
mice against Streptococcus pneumoniae infection. Microb
Pathog.140:103934.

13. Ouyang J, Sun F, Feng W, Sun Y, Qiu X, Xiong
L, et al. (2016). Quercetin is an effective inhibitor of
quorum sensing, biofilm formation and virulence factors in
Pseudomonas aeruginosa. J Appl Microbiol. 120(4):966—
974.

14. Kim MK, Lee TG, Jung M, Park KH, Chong Y
(2018). In vitro synergism and anti-biofilm activity of
quercetin—pivaloxymethyl conjugate against
Staphylococcus aureus and Enterococcus Species. Chem
Pharm Bull. 66(11):1019-1022.

15. Pal A, Tripathi A (2020). Demonstration of
bactericidal and synergistic activity of quercetin with
meropenem among pathogenic carbapenem resistant
Escherichia coli and Klebsiella pneumoniae. Microb
Pathog. 143:104120.

16. Bitencourt TA, Komoto TT, Massaroto BG,
Miranda CES, Beleboni RO, Marins M, et al. (2013). Trans-
chalcone and quercetin down-regulate fatty acid synthase
gene expression and reduce ergosterol content in the human
pathogenic dermatophyte Trichophyton rubrum. BMC
Complement Altern Med. 13(1):1-6.

17. Cassetta A, Stojan J, Krastanova I, Kristan K,
Svegelj MB, Lamba D, et al. (2017). Structural basis for
inhibition of 17B-hydroxysteroid dehydrogenases by
phytoestrogens: The case of fungal 173-HSDcl. J Steroid
Biochem Mol Biol. 171:80-93.

18. Kwun MS, Lee DG (2020). Quercetin-induced
yeast apoptosis through mitochondrial dysfunction under
the accumulation of magnesium in Candida albicans.
Fungal Biol. 124(2):83-90.

19. Da Silva CR, de Andrade Neto JB, De Sousa
Campos R, Figueiredo NS, Sampaio LS, Magalhaes HIF, et
al. (2014). Synergistic Effect of the Flavonoid Catechin,
Quercetin, or Epigallocatechin Gallate with Fluconazole
Induces Apoptosis in Candida tropicalis Resistant to
Fluconazole. Antimicrob Agents Chemother. 58(3):1468—
1478.

20. Gao M, Wang H, Zhu L (2016). Quercetin assists
fluconazole to inhibit biofilm formations of fluconazole-
resistant Candida albicans in in vitro and in vivo antifungal
managements of Vulvovaginal candidiasis. Cell Physiol
Biochem. 40(3-4):727-742.


https://onlinelibrary.wiley.com/doi/10.1111/jcmm.14371
https://onlinelibrary.wiley.com/doi/10.1111/jcmm.14371
https://www.infona.pl/resource/bwmeta1.element.springer-doi-10_1007-S10895-016-1896-Y
https://www.infona.pl/resource/bwmeta1.element.springer-doi-10_1007-S10895-016-1896-Y
https://www.infona.pl/resource/bwmeta1.element.springer-doi-10_1007-S10895-016-1896-Y
https://www.mdpi.com/1422-0067/19/5/1346
https://www.mdpi.com/1422-0067/19/5/1346
https://www.mdpi.com/1422-0067/19/5/1346
https://www.mdpi.com/1422-0067/19/5/1346
https://www.nature.com/articles/s41598-020-74977-y
https://www.nature.com/articles/s41598-020-74977-y
https://www.sciencedirect.com/science/article/abs/pii/S0740002019309876?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0740002019309876?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0740002019309876?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0740002019309876?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0882401019316134?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0882401019316134?via%3Dihub
https://academic.oup.com/jambio
https://academic.oup.com/jambio
https://academic.oup.com/jambio
https://www.jstage.jst.go.jp/article/cpb/66/11/66_c18-00380/_article
https://www.jstage.jst.go.jp/article/cpb/66/11/66_c18-00380/_article
https://www.jstage.jst.go.jp/article/cpb/66/11/66_c18-00380/_article
https://www.sciencedirect.com/science/article/abs/pii/S0882401020304071?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0882401020304071?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0882401020304071?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0882401020304071?via%3Dihub
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/1472-6882-13-229
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/1472-6882-13-229
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/1472-6882-13-229
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/1472-6882-13-229
https://www.sciencedirect.com/science/article/abs/pii/S0960076017300651?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0960076017300651?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0960076017300651?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1878614619301679?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1878614619301679?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1878614619301679?via%3Dihub
https://journals.asm.org/doi/10.1128/aac.00651-13
https://journals.asm.org/doi/10.1128/aac.00651-13
https://journals.asm.org/doi/10.1128/aac.00651-13
https://journals.asm.org/doi/10.1128/aac.00651-13
https://karger.com/cpb/article/40/3-4/727/74788/Quercetin-Assists-Fluconazole-to-Inhibit-Biofilm
https://karger.com/cpb/article/40/3-4/727/74788/Quercetin-Assists-Fluconazole-to-Inhibit-Biofilm
https://karger.com/cpb/article/40/3-4/727/74788/Quercetin-Assists-Fluconazole-to-Inhibit-Biofilm
https://karger.com/cpb/article/40/3-4/727/74788/Quercetin-Assists-Fluconazole-to-Inhibit-Biofilm

