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ABSTRACT

Polyphenols are the secondary metabolic products of plants 

and are considered as active constituents to possess therapeutic 

effects. To date, a vast number of scientific literature addressed 

the potential of polyphenols as bio-efficient compounds owing to 

their structural diversity. Due to the presence of several hydroxyl 

groups, they are metabolized quickly due to conjugation reaction 

and thus, readily produce toxic metabolites as a defense material 

against many pathogens, reflecting their safety strategy. This review 

focuses on the anti-quorum sensing and biofilm inhibition activity 

of polyphenols, which display their potential to treat bacterial 

infections by combating the virulence caused by pathogenic agents. 

Thus, for mitigating quorum sensing-controlled pathogenesis, the 

use of polyphenol-based phytochemicals holds immense potential to 

cure infections. The application of polyphenol as sensitizing agent/

adjuvant therapeutics which act in synergism with antibiotics is 

highly remarkable. 

KEYWORDS: Polyphenols; Quorum sensing; Biofilm; 

Recombinant polyphenolic compounds; Sensitizers; Antibiotic 
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1. Introduction

  The plant kingdom contains a heterogeneous group of substances 

called phenolic compounds produced during their metabolism. 

Polyphenols are claimed to be present in higher plants as metabolites 

which are highly specific and play a vital role in response to any 

external stimuli made by the pathogenic microorganism that 

can damage plants through their sensory properties like color, 

astringency, bitterness, and roughness. These phenolic metabolites 

possess activity against various human diseases; thus, they play a 

crucial role in promoting human health. 

  The polyphenolic scaffold comprised a benzene ring with at least 

one hydroxyl group attached to it and based on their chemical 

structure; polyphenols are i) phenolic acids, ii) flavonoids, and iii) 

non-flavonoids depending on the groups present on the chemical 

entity (Figure 1).

1.1. Polyphenols classification

1.1.1. Phenolic acids
  Phenolic acids are the secondary metabolites that contain two 

groups: benzoic acids and cinnamic acids. The benzoic acids are the 

simplest phenolic acids with seven carbon atoms (C6-C1) and are 

most abundant. Cinnamic acids consist of nine carbon atoms (C6-

C3). Their characteristic feature is the presence of a benzenic ring, 

a carboxylic group, and one or more hydroxyl or methoxyl groups. 

The human diet contains about one-third of the phenolic compounds 
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as phenolic acids. Many researchers have found that phenolic 

acids and their esters have high antioxidant activity, especially 

hydroxybenzoic acid, hydroxycinnamic acid, caffeic acid, and 

chlorogenic acid[1]. Phenolic acids are abundantly present in cereals, 

legumes, oil seeds, fruits, vegetables, beverages, and herbs[2].

1.1.2. Flavonoids
  Flavanoids consist of benzo-γ-pyrone structure and are hydroxylated 

phenolic substances that are synthesized by plants in response to 

microbial infection. Flavonoids have aglycones, glycosides, and 

methylated derivative portions[3]. Flavonoid phenols contain a 

backbone of 15 carbon atoms comprising two benzene rings joined 

by a heterocyclic ring. These compounds have the general structure 

C6-C3-C6 and are categorized into three groups according to the 

structure of the heterocycle: flavonols, dihydroflavonols, flavones; 

anthocyanidins; and flavanols. Catechins and condensed tannins 

are categorized under flavanols, which are again classified as 

procyanidins and delphinidins[4].

1.1.3. Non-flavonoid phenols
  Non-flavonoid phenols comprise benzoic acids (C6-C1), cinnamic 

acids (C6-C3), lignans, stilbenes (C6-C2-C6) and coumarins. 

Hydroxybenzoic and hydroxycinnamic acids also come under the 

phenolic acid category[5]. Tannins, particularly hydrolyzable tannins, 

are made of gallic acid and ellagic acid esters of glucose or related 

sugars. Hydrolyzable tannins are of two types: gallotannins or 

ellagitannins. The term “hydrolyzable” means that the ester linkage 

is more susceptible to hydrolysis under normal conditions than the 

linkages of condensed tannins[6].

  Our research group focuses on the potential of polyphenolic 

compounds that can curb quorum sensing (QS) in Chromobacterium 
violaceum (C. violaceum) and Pseudomonas aeruginosa (P. 
aeruginosa), which would be proved as quorum sensing inhibitors 

(QSI)[7-9].

1.2. Pharmacokinetic and pharmacodynamic of polyphenols

  Polyphenols are generally present as ester, glycosides, or polymeric 

forms, which are not readily absorbed by the gastrointestinal 

tract[10]; thus, their hydrolysis is the first step before their absorption. 

These enzymatic reactions of metabolism include oxidation, 

hydrolysis, and reduction reactions (phase Ⅰ); however, in phase Ⅱ 

methylation, glucuronidation, or sulfation are major reactions. In the 

small intestine, phenolics exists as a conjugated molecule. There are 

Figure 1. Polyphenol classification. 
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many transporters (SGLT1, MRP, P-gp, BRCP, SLC, LPH, etc.)[11] 

(Figure 2) present in the small intestine to facilitate the absorption 

of polyphenols. The structural feature of a polyphenol determines its 

intestinal absorption. Supposedly, the high molecular weight causes 

low recovery in urine, and glycosylation mediates the absorption 

through the gut barrier; glucosides are much readily absorbed[12] 

than rhamnosides[13,14]. Polyphenols are readily metabolized either 

in tissues, after absorption through the gut barrier, and the non-

absorbed fraction or fraction re-excreted in the bile by the colonic 

microflora. All polyphenols are conjugated to form O-glucuronides, 

sulfate esters, and O-methyl ether[15]. CYP450 metabolism includes 

glucuronides and sulfates-associated reactions, out of which CYP 

enzyme isoforms 1A2, 3A4, 3A5 2B6, 2C8, 2C19, 2C9, 2D6 and 

2E1 are involved. The active reaction of CYP450 conjugation 

enzymes and efflux transporter proteins contributes to the 

bioavailability[16].

2. QS in Gram-negative pathogens and its mechanisms

  QS, defined as cell-to-cell communication, is used by bacteria to 

detect changes in their environment and accordingly to implement 

specific strategies that allow adaptation to environmental stress. 

Through this process, bacterium generates regulatory mechanisms 

that help to make collective decisions about the expression of a 

specific set of genes. QS mechanisms amplify bacterial virulence 

by stimulating the expression of disease-causing attributes, such 

as motility, biofilm formation, and secretion of virulence agents of 

pathogens[17].

  Autoinducers, which are low-molecular-weight signaling 

compounds, are produced by bacteria and are released into the 

environment. N-acyl-homoserine lactones (AHLs) are the most 

widely studied signaling compounds of lactone derivatives of fatty 

acids used by Gram-negative bacteria[18].

  The QS system mainly consists of autoinducers, signal synthase, 

signal receptor, signal response regulator, and regulated genes 

(which form the so-called QS regulon)[19].

  Bacteria use QS systems that are of three main types:

a) the LuxR/I-type systems, primarily used by Gram-negative 

bacteria;

b) the peptide signaling systems used primarily by Gram-positive 

bacteria; 

c) the LuxS/AI-2 signaling used for interspecies communication. 

  Besides the above signaling systems, the AI-3/epinephrine/

Figure 2. Depiction of absorption, distribution, metabolism, and excretion of polyphenolic compounds.
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Figure 3. Quorum sensing (QS) circuit of Pseudomonas aeruginosa consists of three QS system namely, (1) LasR system with 3-oxo-C12-HSL (N-3-oxo-
dodecanoyl-L-homoserine lactone; autoinducer) and LuxI substrate, (2) RhlR system with C4-HSL (N-butyryl-L-homoserine lactone; autoinducer) and 
Rh1I substrate, (3) PqsR system with PQS [2- heptyl-3-hydroxy-4(1H)-quinolone; autoinducer] and PqsA-E substrate. All three systems are co-related to 
each other for QS regulation.

norepinephrine is also considered an interkingdom signaling 

system[20]. The degradation/inhibition of QS signal molecules (AHL) 

is called QS inhibition or quorum quenching. The inhibition of QS 

can be accomplished by the following: (a) enzymatic destruction of 

QS signal molecules, (b) the development of QS antibodies to signal 

molecules, (c) agents that block QS known QSI. 

  Strategies of quorum quenching involve (Ⅰ) inhibition of AHL 

signal generation, (Ⅱ) inhibition of AHL signal dissemination, (Ⅲ) 

and inhibition of AHL signal reception[21].

2.1. Mechanism of QS in Gram-negative bacteria

  For orderly communication, bacteria must detect, interpret, and 

integrate extracellular chemical information (autoinducers) and 

convert it to bring about changes in their gene expression[22]. In 

Gram-negative bacteria, biosynthesis of AHL lactones (autoinducers 

in Gram-negative bacteria) is much significant to bring about the 

functioning of QS. AHLs are small molecules with a neutral charge 

that are synthesized by the AHL synthase and can diffuse rapidly 

across the membrane to bind with receptors that are DNA-binding 

transcription factors known as “R-proteins”. This phenomenon 

accomplishes when the autoinducer level reaches a threshold level 

to bring a chemical change within the cell-this binding triggers 

several transcriptional genes that are essential for bacteria behavior 

and coordination[23]. Thus, three components, i.e., a signal generator 

LuxI (synthase), the cognate receptor LuxR (“R proteins”), and 

acyl-L-homoserine lactone, are involved in QS circuits of Gram-

negative bacteria. We discuss the two network architectures using 

Pseudomonas spp. and Chromobacterium spp. as examples.

2.1.1. QS circuits in P. aeruginosa
  Their primary QS signal molecule is N-(3-oxododecanoyl)- 

L-homoserine lactone (3-oxo-C12-HSL) synthesized by LasI synthase 

and targeted upon intracellular LasR-type receptor producing 

complex (3-oxo-C12-HSL)-LasR (Figure 3). When population[24] 

density and QS advances, the LasI becomes RhlI and makes another 

autoinducer-N-butyryl-L-homoserine lactone (C4-HSL), that binds 

to protein RhlR receptor. LasR and RhlR receptors homodimerize 

that cause upregulation or downregulation of transcription factors 

for phenotype genes, which constitute 10% of the genome. There is 

also a third type QS system in P. aeruginosa named-PqsR, whose 

autoinducer is 2-heptyl-3-hydroxy-4(1H)-quinolone transformed from 

2-heptyl-4(1H)-quinolone by protein PqsH; HHQ biosynthesized 

by protein PqsA-D and PqsE[25]. This QS system is known as 

Pseudomonas quinolone signal (PQS) based arrangement for a cell 

to cell signaling[26]. P. aeruginosa is a complex organism with multi 

QS models and signals in which the (3-oxo-C12-HSL)-LasR complex 

causes expression of LasI apart from RhlR (regulates both AHL QS 

circuits positively), while the RhlR- C4-HSL complex controls its auto-

induction with no effect on the LasR system. Additionally, LasR and 

LuxI
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RhlR have both positive and negative regulation effects, respectively, 

in the expression of genes involved in PqsR. While PQS regulates its 

production, it increases the RhlR expression but has no direct regulatory 

activity on the LasR system[27].

  A recent study on QS in P. aeruginosa lists thirteen transcription 

factors, of which ten are repressed and three are activated Rhl-directed 

or Las-directed functions[28]. Surprisingly, RhlR acts as a critical QS 

component in P. aeruginosa that controls virulence gene expression[29]. 

RhlI is activated by either LasR or PqsR, having a pre-requisite that 

the RhlR is bound to C4-HSL, so at least one of the autoinducers is 

sufficient for pathogenicity. There is a massive difference in the strains 

of P. aeruginosa; in the wild-type strain, the autoinducer requirement 

gets satisfied by the Las system. However, strains from patients infected 

with cystic fibrosis are reported frequently to have mutated lasR[30]. 

The phosphate starvation protein PhoB plays an alternative for LasR 

through the activation of Integrated Quorum Sensing system (IQS) 

production. PhoB functions under phosphate limiting conditions, which 

is a common stressor that bacteria experiences during infection having 

ambABCDE as a signal synthase molecule[31]. To stop this chronic 

infection, a study by Lee et al. reported that IQS is an integrated circuit 

that connects the central las system and phosphate-stress response 

mechanism that attenuates pqs and rhl regulatory systems thereby 

targeting IQS and decreasing the virulence traits to a more significant 

extent[32].

2.1.2. QS circuit in C. violaceum
  It is an aquatic bacterium that can infect humans and cause 

abscesses, septicaemias in the lungs, and the liver[33]. The C. 
violaceum QS system consists of CviI/CviR. The CviI/CviR circuit 

controls virulence, with the AHL bound ligand, and induce CviR 

conformation that prevents DNA binding[34]. QS in C. violaceum 

regulates violacein pigment production, antibiotic, hydrogen 

cyanide, some enzymes, and biofilm formation[35]. C. violaceum 

has many genes involved in violacein production, such as vioD, 

vioC, vioA, and vioB genes, which are arranged in an operon system 

mediated by AHL[36]. The much-studied trait is the production of 

purple pigment violacein[37]. Products of vioABCD operon generate 

violacein from tryptophan[36]. CviR controls the vioA promoter in C. 
violaceum (regulated directly), and other promoters[34]. C. violaceum 
phenotypes that depend on AHL include biofilm formation and 

chitinase production[38]. 

  In C. violaceum ATCC 31532 strain, the cognate signal is C6-

HSL, synthesized by CviI. AHSLs with acyl chain lengths from 

C4 to C8 can activate vioA transcription when bound to CviR. 

In contrast, AHSLs having C10 to C14 acyl chains are weak or 

completely inactive agonists. On the other hand, C10-HSL is an 

active CviR antagonist[34,39]. Overall, the C. violaceum QS system 

regulates (i) multiple genes that cause chitinases production[38], 

(ii) vioA promoter that produces violacein (a purple pigment that is 

water-insoluble)[40], and (iii) genes that cause cyanide production 

and degradation[41]. Apart from these regulatory genes mentioned 

above, several other genes regulated directly by CviR receptor 

in C. violaceum ATCC12472 strain namely CV_0577 (putative 

transcriptional regulator that encodes transcriptional regulator for the 

upstream process), CV_0578 (guanine deaminase encoder), CV_4240 
(extracellular chitinase encoder) and CV1432 (a type Ⅵ secretion 

system gene having a putative role)[35].

3. Importance of QS inhibition

  QS facilitates bacterial communication and coordination, with 

various characteristic features such as motility, toxin production, 

biofilm formation, etc. of bacteria established to be under the control 

of QS. In the singular state, bacteria do not have any adverse effect 

on the host immune system; neither are resistant to the action of 

antibiotics. While they attain a complex consortium such as biofilm, 

it becomes challenging to degrade them; hence large doses of 

antibiotics are needed to combat the infections. Cholera bacteria 

use a QS mechanism to disperse the bacteria present in biofilm for 

the spread of infections[42]. Researches have shown that biofilm 

infections from methicillin-resistant Staphylococcus aureus (MRSA) 

have become prone to the antibiotic. Vancomycin shows resistance 

against biofilm infections[43]. 

  Hence, there is a pressing priority to find an antibiotic alternative, 

of natural origin. In the past decades, natural products are observed 

as the burgeoning field in QSI and adjuvants to antibiotics with 

80% of their contribution to drug discovery and possessing high 

approval rates from the past two decades[44]. QSIs work in different 

ways explained above in section 2 to stop the infections and have 

several advantages over conventional antibiotics such as limited 

interference in the bacterial mechanism[45]. QS is the integral 

mechanism for bacterial pathogenicity, and LuxI/LuxR homologs 

are present in more than 100 Gram-negative bacterial species and 

over 200 different Gram-negative bacteria with AHLs as signal 

transduction[46].

  Combination/adjuvant therapies are applied to provide better 

results against the resistant forms by using amphotericin B with 

the QSI against clinical isolates of Candida albicans for biofilm 

infections[47,48]. Another approach of adjuvant therapies reported 

with tobramycin and QSI like garlic extract against infections caused 

by resistant strains of P. aeruginosa[49]. Preceding the post-antibiotic 

era, the scientific community has to look for alternatives that 

would inhibit the “bacterial-communication” and reduce virulence 

production among infectious agents.

4. Polyphenols as QSIs isolated from natural and 
recombinant sources
  

  The autoinducers threshold level facilitates communication 

between the bacteria due to which several phenotypic characteristics 
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express and lead to infections through the bacterial population. QSI 

controlling these infections are also known as QQ. These QSIs are 

obtained either from natural or recombinant sources. For instance, 

quercetin, a naturally occurring polyphenol, can inhibit biofilm 

formation (95%) in P. aeruginosa bacterial strains and inhibit 

twitching motility. Quercetin was the only compound that showed 

an anti-biofilm effect at the concentration of 0.5 minimum inhibitory 

concentration (MIC) compared with other polyphenols [(+)-catechin, 

caffeic acid, and morin][50]. Another natural compound, diterpene 

phytol, is also proved effective in inhibiting the biofilm formation, 

twitching, and flagella motility in P. aeruginosa at a concentration 

of 0.5 MIC. It was observed that the treated bacteria did not produce 

the twitching zone, and the resulting colony formed was almost 

round and smooth with regular edges[51]. Table 1 below describes 

some of the polyphenols from natural sources that act as QSI. 

  Metabolic engineering also produces polyphenols that act as 

QSIs under the influence of different microbes shown in Table 2. 

Recombinant technology introduces the specific genetic makeup in 

an organism which offers improved phenotype, such as improving 

biosynthesis capabilities of secondary metabolites[60]. 

5. Biofilm generation and polyphenols as biofilm 
inhibitors 

  A biofilm consists of bacterial cell clusters with a network of 

internal channels or hollows in the extracellular polysaccharide and 

glycoprotein matrix, allowing nutrients and oxygen from the bulk 

liquid to the cells. Thus biofilm is defined as a microbially derived 

immobile community characterized by cells that bind to the surface 

and embed into a matrix of extracellular polymeric substance (EPS) 

and thereby exhibit an altered phenotype relating to the growth rate 

and gene transcription. Biofilms are more resistant to antimicrobials 

than bacteria, as they have a barrier that prevents contact with 

antimicrobial agents[68,69].

  The formation and development of biofilm are affected by many 

factors, including the specific microorganism, material surface 

properties, and environmental parameters, such as temperature, pH, 

and nutrient levels[69].

  Biofilm formation consists of: (a) transport of cells from the surface 

and adsorption of bacteria at the surface, (b) EPS and cell to cell 

signaling molecules production and irreversible adsorption of cells, 

(c) biofilm maturation, (d) detachment of some biofilm cells, and (e) 

and biofilm recolonization (Figure 4)[70].

  Biofilm formation also impacts the performance of antibiotics, 

which usually leads to antimicrobial resistance. These include series 

of activities: direct molecule inactivation, altered target sensitivity, 

low drug concentration at target, and efflux pumps; all of these 

contribute to antimicrobial resistance. The factors that contribute to 

biofilm resistance are as follows: (a) impaired diffusion, (b) lysis 

and, neutralization of enzymes, (c) slow growth, (d) presence of 

non-dividing cells and, (e) alteration in membrane function[71-73]. 

Research studies conclude that polyphenols can act as a substitute 

for antibiotics and successfully involved in the inhibition of biofilm, 

their mechanism of action involves: inhibition of formation of 

the matrix, cell adhesion, and attachment, inferring extracellular 

matrix generation, and decreasing virulence gene production, 

thus contributing as a biofilm inhibitor[74,75]. Several plant-based 

Table 1. Polyphenol based QSI from the natural sources.

Components Mechanism Bacterial strain inhibition Ref.
Furocoumarins Inhibits both AI-1 and AI-2 signaling as well as 

biofilm formation
Escherichia coli, Salmonella typhimurium, and 

Pseudomonas aeruginosa
[52]

Malabaricone C Affects lasR and rhlR signaling system Pseudomonas aeruginosa, Chromobacterium 
violaceum

[53]

Epicatechin, catechin, 3-O-methylgallic acid, 
gallic acid, and caffeic acid

Growth inhibition Clostridium difficile, Clostridium perfringens, 
and some Bacteroides spp.

[54]

Caffeic acid Growth retardation Salmonella, Pseudomonas, Escherichia coli, 
Clostridia, and Bacteroides

[55]

Proanthocyanidins (condensed tannins) Inhibitory action Enterobacteriaceae, Bacteroides, Prevotella, 
and Porphyromonas

[55]

Ellagic acid Inhibitory effect Clostridia and Staphylococcus aureus [56]

Ethanol and ethyl acetate Exhibit quorum quenching activity by limiting its 
production of violacein 

Chromobacterium violaceum [57]

Curcumin Inhibits the expression of virulence genes Pseudomonas aeruginosa [58]

Urolithin A and urolithin B Decreases QS processes and levels of AHLs Yersinia enterocolitica [59]

QSI: quorum sensing inhibitors; QS: quorum sensing; AHL: N-acyl-homoserine lactones.
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natural products combat infections. For example, cranberry works 

by glucan-binding proteins against cariogenic and periodontal-

pathogenic bacteria, destroying the extracellular matrix, lowering 

carbohydrate production, hydrophobicity, proteolytic activities, 

and retarding co-aggregation involved in biofilm formation[76]. 

Cinnamaldehyde affects the DNA-binding ability of the LuxR 

transcriptional protein of Escherichia coli and Vibrio spp. that alters 

biofilm structure, swimming motility, stress response and virulence 

factors[77,78]. Phloretin compound shows anti-biofilm and anti-

fimbria production activity by interfering with the toxin genes 

[hlyE and stx(2)], autoinducer-2 importer genes (lsrACDBF), curli 

genes (csgA and csgB)[79], and prophage genes in Escherichia coli 

Figure 4. Schematic representation of biofilm-formation steps. Biofilm formation involves five steps: (1) initial attachment, (2) irreversible attachment, (3) 

microcolony development by proliferation, (4) biofilm formation, and (5) dispersal.

1 2

5

4

3

Table 2. QSIs from recombinant products.

Microorganism used Product Biosynthetic components Description Ref.
Saccharomyces cerevisiae Cyanidin 3-O-glucoside PAL (Rhodosporidium toruloides), 

4CL (Arabidopsis thaliana), CHS 
(Hypericum androsaemum)

Cyanidin is involved in the QS inhibition, biofilm 
formation, extracellular polymeric substances 
production and is a potential competitive inhibitor of 
signaling molecules towards LasR protein activity

[61,62]

Escherichia coli Pelargonidin 3-O-glucoside F 3 H  ( Malu s  dome s t i ca ) ,  A N S 
(Malus domestica), DFR (Anthurium 
andraeanum), F3GT (Petunia hybrida)

Pelargonidin is an anthocyanidin that affects the QS 
and virulence factors

[61,63] 

Escherichia coli Bisdemethoxy curcumin PAL (Rhodotorula rubra) ,  4CL 
(Lithospermum erythrorhizon), CUS 
(Oryza sativa)

Curcumin inhibits the QS traits [64]

Escherichia coli Pinocembrin PAL (Rhodotorula glutinis), 4CL 
(Petroselinum crispum), CHS (Petunia 
hybrid), CHI (Medicago sativa)

Pinocembrin retards AHL-dependent QS signals in 
bacteria

[65,66]

Escherichia coli Eriodictyol PAL (Rhodotorula glutinis), 4CL 
(Petroselinum crispum), CHS (Petunia 
hybrid), CHI (Medicago sativa), F3’H 
(Gerbera hybrida), CPR (Catharanthus 
roseus)

Flavanones eriodictyol reduces the production of 
pyocyanin and elastase and affects bacterial growth

[67,24]

PAL: phenylalanine ammonia lyase; 4CL: four-coumarate:CoA ligase; CHS: chalcone synthase; F3H: flavanone 3-hydroxylase; ANS: anthocyanidin 
synthase; DFR: dihydroflavonol-4-reductase; CUS: curcuminoid synthase; CHI: chalcone isomerise; CPR: candidate phyla radiation.
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O157:H7 bacterial strains, and also by efflux protein genes against 

Staphylococcus aureus (S. aureus) RN4220 and SA1199B bacterial 

strains[80]. Quercetin has many benefits like inhibiting biofilm 

formation, blocking of SrtA gene[81], and shows an effect on sialic 

acid production against Streptococcus pneumoniae. Further, this 

compound also impairs LasI[82-86], LasR, RhlI and RhlR production 

in P. aeruginosa. Quercetin also has a role in creating an imbalance 

in pH of biofilm of Streptococcus mutans and blocking glycolytic[87], 

protein translation-elongation, and membrane folding in Enterococcus 
faecalis[88]. Table 3 lists some of the polyphenolic constituents that 

are capable of inhibiting biofilms in Gram-negative pathogens.

6. Polyphenol as sensitizing agents for old antibiotics

  Since the discovery of penicillin made by Fleming in 1928, 

antibiotics have acquired a major role in combating infections for 

both outpatient and hospitalized patients. The abuse and misuse of 

antibiotics from all over the globe have led to a serious problem 

of drug resistance, especially ineffectiveness against multi-drug 

resistant bacteria. This led to an increase in morbidity and mortality 

rates both among developed and developing countries. The most 

serious problem is that there is no guaranteed therapy for multi-

drug resistant infections[105]. Over the last 20 years, polyphenols 

Table 3. Polyphenols combating biofilm formation along with their mechanism.

Components Gram-negative pathogens Mechanism Ref.
Rutin E. coli and S. aureus Reduction in biofilm production (concentration-

dependent)

[89]

Rosa rugosa tea polyphenol extract E. coli K-12 and P. aeruginosa PAO1 Biofilm inhibition in a concentration-dependent 
manner

[90]

Methyl eugenol from Cuminum cyminum P.  aeruginosa  PAO1,  Proteus 
mirabilis, and Serratia marcescens

Loosen biofilm architecture and inhibit in vitro 
biofilm formation at sub-MIC levels

[91]

Epigallocatechin gallate Streptococcus mutans Biofilm inhibition by suppressing gtf genes and 
disrupting the initial attachment 

[92]

Catechol from phenolic-rich maple syrup extract E. coli, Proteus mirabilis, and P. 
aeruginosa

Biofilm formation was reduced at sublethal 
concentrations and increased susceptibility of 
bacterial biofilms to antibiotics by increasing outer 
membrane permeability of all bacterial strains and 
subsequent inhibition of the efflux pump 

[93]

6-Gingerol, 8-gingerol, and 6-shogaol from ginger Candida albicans Antibiofilm inhibition [94]

Tannic acid from Camellia sinensis S. aureus Biofilm inhibition without inhibiting bacterial 
growth by transglycosylase IsaA

[95]

Ellagic acid from Rubus ulmifolius S. aureus Inhibit biofilm formation and also increase antibiotic 
susceptibility

[96]

Rosmarinic acid S. aureus Suppressed biofilm production at subinhibitory 
concentrations near to MIC

[97]

Gallic acid, (+)-catechin and epicatechin from Vitis 
rotundifolia

S. aureus Biofilm inhibition in a dose-dependent manner; at 
subinhibitory concentrations, biofilm formation was 
inhibited, and at 16伊MIC, biofilms were found to be 
eradicated

[98]

Morin  Listeria monocytogenes Inhibit biofilm production [99]

2’,4’-Dihydroxychalcone, 2,2’,4’-trihydroxychalcone 
and 2’,4’-dihydroxy-2-methoxychalcone

S. aureus Biofilm inhibition [100]

Xantohumol from Humulus lupulus S. aureus Inhibit adhesion and biofilm formation [101]

Coumarin and umbelliferone E. coli O157:H7 Antibiofilm formation without affecting planktonic 
cell growth

[102]

Esculin, psoralen, nodakenetin P. aeruginosa Biofilm inhibition [103,104]

S. aureus: Staphylococcus aureus; E. coli: Escherichia coli; P. aeruginosa: Pseudomonas aeruginosa; MIC: minimum inhibitory concentration.
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have attracted researcher’s attention to develop therapeutic agents 

that can act as adjuvants to the existing antibiotics and help in 

decreasing the antibiotic dose, increasing drug efficacy, and 

simultaneously decrease adverse effects. Kaempferol and quercetin, 

which are flavonoids of phenolic groups, were found to be excellent 

β-lactamase inhibitors when used with rifampicin against clinical 

rifampicin-resistant and methicillin-resistant S. aureus isolates. In 

addition to β-lactamase inhibitory activity, kaempferol and quercetin 

have inhibitory catalytic activity against topoisomerase of bacteria 

and hence used in combination with ciprofloxacin causing cessation 

and cell death of S. aureus[106]. The mechanism of this synergism 

can take place by (i) active site modification inside bacterial cell, 

(ii) enzyme inhibition or modification of antibiotics, (iii) rise in 

membrane permeability (iv) efflux pumps inhibition, etc.[106,107]. 

There are several synergistic combinations reported of antibiotics 

and polyphenols, where polyphenols act as a “sensitizing” agent 

to increase the action on resistant bacterial strains, listed in Table 4 

below.

  Besides the naturally occurring polyphenols, marine sources have 

also contributed towards the anti-QS activity. The methanolic and 

acetone extract of freshwater sponge Ochridaspongia rotunda were 

found to be effective against the P. aeruginosa PA01 bacterial strain. 

Satisfying results were observed, including reduced pyocyanin 

production, anti-biofilm activity, and reduction in twitching and 

flagella motility were reported[116]. Another Mediterranean sponge 

named Dysidea avara, its secondary metabolite component, 

sesquiterpene hydroquinone avarol showed moderate anti-QS effects 

with 75% reduction in P. aeruginosa PAO1 biofilm formation, 

39% reduction in pyocyanin production and reduction in twitching 

and protrusions motilities which proves to be effective as QSI[117]. 

Hence, polyphenolic compounds extracted from natural sources are 

equally effective as antibiotics in decreasing the pathogenic load by 

combating the QS signals and thereby decreasing the virulence traits. 

Table 4. Polyphenol compounds reported to act in synergism with old antibiotics.

Polyphenols Antibiotics Bacterial strains Synergistic effect Ref.
Phenol ic  compounds  (gal l ic , 
s inapic ,  pro toca techuic)  and 
f l a v a n o i d s  [ ( + ) - c a t e c h i n , 
(-)-epicatechin, (-)-epicatechin-
3-O-gallate, quercetin, myricetin, 
kaempferol, luteolin] of grape 
pomace

O x a c i l l i n ,  n a l i d i x i c  a c i d , 
c iprof loxacin ,  norf loxacin , 
levofloxacin, tetracycline, and 
chloramphenicol

S. aureus (MSSA, MRSA) and E. 
coli

MIC reduced [91]

Resveratrol and quercetin Clarithromycin or ofloxacin Chlamydia pneumoniae Inhibit growth and decrease IL-17 and 
IL-23 production in infected cells in a 
time-dependent manner.

[108]

C a r n o s i c  a c i d  ( R o s m a r i n u s 
officinalis)

Gentamicin S. aureus clinical isolates Increase the activity of gentamycin [109]

C a r n o s o l ,  β - l a c t o n e  ( Sa l v ia 
officinalis L.)

Aminoglycosides Vancomycin-resistant Enterococcus 
faecium and Enterococcus faecalis

MICs reduced to 8- to 128-fold [109]

Baicalein (5,6,7-trihydroxyflavone) Te t r a c y c l i n e  o r  β - l a c t a m 
antibiotics

MRSA Antibacterial activity [110]

Curcumin (Curcuma longa) O x a c i l l i n ,  a m p i c i l l i n , 
ciprofloxacin, and norfloxacin

MRSA MIC reduced to 2- to 128-fold [111]

Tellimagrandin and rugosin B (Rosa 
canina)

Methicillin (β-lactam antibiotic) MRSA Reduced MIC of β-lactam antibiotics [112]

Eugenol (Eugenia aromatic) Va n c o m y c i n  a n d  β - l a c t a m 
antibiotics

Escherichia coli, Enterobacter 
ae rogenes ,  Pro t eus  vu lgar i s , 
S a l m o n e l l a  t y p h i m u r i u m , 
Pseudomonas aeruginosa

Increased cell membrane permeability 
at 1 mM concentration caused up to 
50% damage of the cell membrane

[113]

Bonducellin (Caesalpinia digyna) Ethidium bromide Drug-resistant Mycobacterium 
smegmatis

MIC decreased to 8-folds [114]

5’-Methoxyhydnocarpin (Berberis 
spp.)

Fluoroquinolones S. aureus Inhibit NorA pump and reduce the MIC 
of norfloxacin by 4-folds 

[115]

MSSA: methicillin-susceptible Staphylococcus aureus; MRSA: methicillin-resistant Staphylococcus aureus; IL: interleukin.
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 7. Conclusion

  This review is an overview of the scientific literature on QS 

and antibiofilm activity of selected plant-based and recombinant 

polyphenolic compounds. Several polyphenols have been 

reported as antimicrobial and antibiofilm agents, but their journey 

towards clinical application may still be long enough due to their 

pharmacokinetics incompatibilities, which can be overcome 

by different nanotechnological application and intervention. 

Polyphenols have proven to be effective in controlling virulence 

and should be put forward in clinical testing to evolve a new 

area beyond antibiotics in controlling bacterial infections. These 

polyphenolic scaffolds can play a crucial role as sensitizing agents/

adjuvant therapeutics which can enhance the anti-bacterial action of 

antibiotics and prove effective in overcoming the problem of drug 

resistance. 

Conflict of interest statement  

  We declare that there is no conflict of interest.

Authors’ contributions

  LAF contributed to the design and writing of the manuscript and it 

was formatted and proofread by BS, SS, and FFC Jr.

References

[1]    Kumar N, Goel N. Phenolic acids: Natural versatile molecules with 

promising therapeutic applications. Biotechnol Rep 2019; 24: e00370. Doi: 

10.1016/j.btre.2019.e00370.

[2]  Shahidi F, Naczk M. Phenolics in food and nutraceuticals. In: Shahidi F, 

Naczk M (eds.) Phenolic compounds of beverages. CRC Press; 2003, p. 

241-311, 309-325. 

[3]  Panche AN, Diwan AD, Chandra SR. Flavonoids: An overview. J Nutr Sci 

2016; 5: 1-15.

[4]  Fraga-Corral M, Garcia-Oliveira P, Pereira AG, Lourenco-Lopes C, 

Jimenez-Lopez C, Prieto MA, et al. Technological application of tannin-

based extracts. Molecules 2020; 25(3): 614. 

[5]  Jia X, Yang D, Xie H, Jiang Y, Wei X. Non-flavonoid phenolics from 

Averrhoa carambola fresh fruit. J Funct Foods 2017; 32: 419-425. 

[6]  Garcia-Estevez I, Escribano-Bailon MT, Rivas-Gonzalo JC, Alcalde-Eon 

C. Validation of a mass spectrometry method to quantify oak ellagitannins 

in wine samples. J Agric Food Chem 2012; 60(6): 1373-1379.

[7]  Singh S, Wanjari PJ, Bhatia S, Sonawane VC, Chakraborti AK, Bharatam 

PV. Design, synthesis, biological evaluation and toxicity studies of N,N-

disubstituted biguanides as quorum sensing inhibitors. Med Chem Res 

2015; 24: 1974-1987.

[8]  Singh S, Bhatia S, Prasad SB. In silico identification of polyphenolic 

compounds from the grape fruit as quorum sensing inhibitors. J Chem 

Pharm Res 2016; 8: 411-419.

[9]  Singh S, Bhatia S. In-silico identification of albendazole as a quorum 

sensing inhibitor and its in-vitro verification using CviR and LasB 

receptors-based assay system. Bioimpacts 2018; 8: 205-214.

[10] Xiao JB. Dietary flavonoid aglycones and their glycosides: What show 

better biological benefits? Crit Rev Food Sci Nutr 2017; 57: 1874-1905. 

[11] Teng Z, Yuan C, Zhang F, Huan M, Cao W, Li K, et al. Intestinal 

absorption and first-pass metabolism of polyphenol compounds in rat 

and their transport dynamics in Caco-2 cells. PLoS One 2012; 7: e29647-

e29647. Doi: 10.1371/journal.pone.0029647.

[12] Chedea VS, Palade LM, Marin DE, Pelmus RS, Habeanu M, Rotar MC, 

et al. Intestinal absorption and antioxidant activity of grape pomace 

polyphenols. Nutrients 2018; 10(5): 588. 

[13] D’Archivio M, Filesi C, Varì R, Scazzocchio B, Masella R. 

Bioavailability of the polyphenols: status and controversies. Int J Mol Sci 

2010; 11(4): 1321-1342. 

[14] Zhang C, Ma Y, Zhao Y, Hong Y, Cai S, Pang M. Phenolic composition, 

antioxidant and pancreatic lipase inhibitory activities of Chinese sumac 

(Rhus chinensis Mill.) fruits extracted by different solvents and interaction 

between myricetin-3-O-rhamnoside and quercetin-3-O-rhamnoside. Int J 

Food Sci Technol 2018; 53(4): 1045-1053. 

[15] Scalbert A, Morand C, Manach C, Remesy C. Absorption and 

metabolism of polyphenols in the gut and impact on health. Biomed 

Pharmacother 2002; 56(6): 276-282.

[16] Celik G, Semiz A, Karakurt S, Arslan S, Adali O, Sen A. A comparative 

study for the evaluation of two doses of ellagic acid on hepatic drug 

metabolizing and antioxidant enzymes in the rat. Biomed Res Int 2013; 

358945. Doi: 10.1155/2013/358945.

[17] Skandamis P, Nychas G. Quorum sensing in the context of food 

microbiology. Appl Environ Microbiol 2012; 78(16): 5473-5482.

[18] Kalia V. Quorum sensing inhibitors: An overview. Biotechnol Adv 2013; 

31: 224-245.

[19] Nazzaro F, Fratianni F, Coppola R. Quorum sensing and phytochemicals. 

Int J Mol Sci 2013; 14: 12607-12619.

[20] Jiang Q, Chen J, Yang C, Yin Y, Yao K. Quorum sensing: A prospective 

therapeutic target for bacterial diseases. BioMed Res Int 2019; 4: 1-15.

[21] Chan K, Atkinson S, Mathee K, Sam C, Chhabra S, Camara M, et 

al. Characterization of N-acylhomoserine lactone-degrading bacteria 

associated with the Zingiber officinale (ginger) rhizosphere: Co-

existence of quorum quenching and quorum sensing in Acinetobacter and 

Burkholderia. BMC Microbiol 2011; 11: 51.

[22] Elias S, Banin E. Multi-species biofilms: Living with friendly neighbors. 

FEMS Microbiol Rev 2012; 36: 990-1004. 

[23] Li Z, Nair SK. Quorum sensing: How bacteria can coordinate activity 

and synchronize their response to external signals? Protein Sci 2012; 21: 

1403-1417.

[24] Mukherjee S, Bassler BL. Bacterial quorum sensing in complex and 

dynamically changing environments. Nat Rev Microbiol 2019; 17(6): 371-

382. 



241Arnica F Lal et al./ Asian Pacific Journal of Tropical Biomedicine 2021; 11(6): 231-243

[25] Yan S, Wu G. Can biofilm be reversed through quorum sensing in 

Pseudomonas aeruginosa? Front Microbiol 2019; 10: 1582. 

[26] Camilli A. Bacterial small-molecule signaling pathways. Science 2006; 

311: 1113-1116. 

[27] LaSarre B, Federle MJ. Exploiting quorum sensing to confuse bacterial 

pathogens. Microbiol Mol Biol Rev 2013; 77: 73-111.

[28] Lee J, Zhang L. The hierarchy quorum sensing network in Pseudomonas 

aeruginosa. Protein Cell 2015; 6: 26-41.

[29] Jimenez PN, Koch G, Thompson JA, Xavier KB, Cool RH, Quax WJ. 

The multiple signaling systems regulating virulence in Pseudomonas 

aeruginosa. Microbiol Mol Biol Rev 2012; 76: 46-65.

[30] Hoffman LR, Kulasekara HD, Emerson J, Houston LS, Burns JL, 

Ramsey BW, et al. Pseudomonas aeruginosa lasR mutants are associated 

with cystic fibrosis lung disease progression. J Cyst Fibros 2009; 8: 66-

70.

[31] Lee J, Wu J, Deng Y, Wang J, Wang C, Wang J, et al. A cell-cell 

communication signal integrates quorum sensing and stress response. 

Nat Chem Biol 2013; 9(5): 339.

[32] Lee J, Zhang L. The hierarchy quorum sensing network in Pseudomonas 

aeruginosa. Protein Cell 2015; 6: 26-41.

[33] Lai PB. Fatal septicaemia from Chromobacterium violaceum: Case reports 

and review of the literature. Hong Kong Med J 2006; 12(3): 228-231.

[34] Swem LR, Swem DL, O’Loughlin CT, Gatmaitan R, Zhao B, Ulrich 

SM, et al. A quorum-sensing antagonist targets both membrane-bound 

and cytoplasmic receptors and controls bacterial pathogenicity. Mol Cell 

2009; 35(2): 143-153.

[35] Stauff DL, Bassler BL. Quorum sensing in Chromobacterium violaceum: 

DNA recognition and gene regulation by the CviR receptor. J Bacteriol 

2011; 193: 3871-3878.

[36] Devescovi G, Kojic M, Covaceuszach S, Camara M, Williams P, Bertani 

I, et al. Negative regulation of violacein biosynthesis in Chromobacterium 

violaceum. Front Microbiol 2017; 8: 349. 

[37] Evans KC, Benomar S, Camuy-Velez LA, Nasseri EB, Wang X, 

Neuenswander B, et al. Quorum-sensing control of antibiotic resistance 

stabilizes cooperation in Chromobacterium violaceum. ISME J 2018; 

12(5): 1263-1272. 

[38] Asghar A, Butt MS, Shahid M, Huang Q. Evaluating the antimicrobial 

potential of green cardamom essential oil focusing on quorum sensing 

inhibition of Chromobacterium violaceum. J Food Sci Technol 2017; 54(8): 

2306-2315. 

[39] Chen G, Swem LR, Swem DL, Stauff DL, O’Loughlin CT, Jeffrey PD, et 

al. A strategy for antagonizing quorum sensing. Mol Cell 2011; 42: 199- 

209.

[40] Kothari V, Sharma S, Padia D. Recent research advances on 

Chromobacterium violaceum. Asian Pac J Trop Med 2017; 10(8): 744-752. 

[41] Ravichandran V, Zhong L, Wang H, Yu G, Zhang Y, Li A. Virtual 

screening and biomolecular interactions of CviR-based quorum sensing 

inhibitors against Chromobacterium violaceum. Front Cell Infect Microbiol 

2018; 8: 292. 

[42] Federle MJ, Bassler BL. Interspecies communication in bacteria. J Clin 

Invest 2003; 112: 1291-1299.

[43] Abdelhady W, Bayer AS, Seidl K, Nast CC, Kiedrowski MR, Horswill 

AR, et al. Reduced vancomycin susceptibility in an in vitro catheter-

related biofilm model correlates with poor therapeutic outcomes in 

experimental endocarditis due to methicillin-resistant Staphylococcus 

aureus. Antimicrob Agents Chemother 2013; 57: 1447-1454.

[44] Harvey AL. Natural products in drug discovery. Drug Discov Today 2008; 

13: 894-901. 

[45] Defoirdt T, Boon N, Bossier P. Can bacteria evolve resistance to quorum 

sensing disruption? PLoS Pathog 2010; 6: e1000989. Doi: 10.1371/

journal.ppat.1000989.

[46] Adonizio AL, Downum K, Bennett BC, Mathee K. Anti-quorum sensing 

activity of medicinal plants in southern Florida. J Ethnopharmacol 2006; 

105: 427-435. 

[47] You J, Du L, King JB, Hall BE, Cichewicz RH. Small-molecule 

suppressors of Candida albicans biofilm formation synergistically 

enhance the antifungal activity of amphotericin B against clinical 

Candida isolates. ACS Chem Bio 2013; 8: 840-848.

[48] Bjarnsholt T, Jensen PÃS, Rasmussen TB, Christophersen L, Calum 

H, Hentzer M, et al. Garlic blocks quorum sensing and promotes rapid 

clearing of pulmonary Pseudomonas aeruginosa infections. Microbiology 

2005b; 151: 3873-3880.

[49] Hentzer M, Wu H, Andersen JB, Riedel K, Rasmussen TB, Bagge N, et 

al. Attenuation of Pseudomonas aeruginosa virulence by quorum sensing 

inhibitors. EMBO J 2003b; 22: 3803-3815.

[50] Pejin B, Ciric A, Glamoclija J, Nikolic M, Stanimirovic B, Sokovic M. 

Quercetin potently reduces biofilm formation of the strain Pseudomonas 

aeruginosa PAO1 in vitro. Curr Pharm Biotechnol 2015; 16(8): 733-737.

[51] Pejin B, Ciric A, Glamoclija J, Nikolic M, Sokovic M. In vitro anti-

quorum sensing activity of phytol. Nat Prod Res 2015; 29(4): 374-377.

[52] Ganin H, Rayo J, Amara N, Levy N, Krief P, Meijler MM. Sulforaphane 

and erucin, natural isothiocyanates from broccoli, inhibit bacterial 

quorum sensing. Med Chem Commun 2013; 4: 175-179.

[53] Jakobsen TH,  Bragason SK, Phipps RK, Christensen LD, van Gennip M, 

Alhede M, et al. Food as a source for quorum sensing inhibitors: Iberin  

from horseradish revealed as a quorum sensing inhibitor of Pseudomonas 

aeruginosa. J Appl Environ Microbiol 2012; 78(7): 2410-2421. 

[54] Lee HC, Jenner AM, Low CD, Lee YK. Effect of tea phenolics and 

their aromatic faecal bacterial metabolites on intestinal microbiota. Res 

Microbiol 2006; 157: 876-884.

[55] Smith AH, Mackie RI. Effect of condensed tannins on bacterial diversity 

and metabolic activity in the rat gastrointestinal tract. Appl Environ 

Microbiol 2004; 70: 1104-1115.

[56] Espin JC, Larrosa M, Garcia-Conesa MT, Tomas BF. Biological 

significance of urolithins, the gut microbial ellagic acid-derived 

metabolites: The evidence so far. Evid Based Complement Alternat Med 

2013; 2013: 270418.

[57] Fratianni F, Nazzaro F, Marandino A, Fusco MR, Coppola R, De Feo 

V, et al. Biochemical composition, antimicrobial activities, and anti-

quorum-sensing activities of ethanol and ethyl acetate extracts from 

Hypericum connatum Lam. (Guttiferae). J Med Food 2013; 16: 454-459.

[58] Kalia VC. Quorum sensing inhibitors: An overview. Biotechnol Adv 2013; 



242 Arnica F Lal et al./ Asian Pacific Journal of Tropical Biomedicine 2021; 11(6): 231-243

31(2): 224-245.

[59] Giménez-Bastida JA, Truchado P, Larrosa M, Espín JC, Tomás-Barberán 

FA, Allende A, et al. Urolithins, ellagitannin metabolites produced by 

colon microbiota, inhibit quorum wensing in Yersinia enterocolitica: 

Phenotypic response and associated molecular changes. Food Chem 

2012; 132: 1465-1474.

[60] Nielsen J. Metabolic engineering. Appl Microbiol Biotechnol 2001; 55: 

263-283.

[61] Yan Y, Kohli A, Koffas MA. Biosynthesis of natural flavanones in 

Saccharomyces cerevisiae. Appl Environ Microbiol 2005; 71: 5610-5613. 

[62] Gopu V, Shetty PH. Cyanidin inhibits quorum signalling pathway of a 

food borne opportunistic pathogen. J Food Sci Tech 2016; 53(2): 968-

976.

[63] Pejin B, Ciric A, Dimitric Markovic J, Glamoclija J, Nikolic M, Sokovic 

M. An insight into anti-biofilm and anti-quorum sensing activities of 

the selected anthocyanidins: The case study of Pseudomonas aeruginosa 

PAO1. Nat Prod Res 2017; 31(10): 1177-1180.

[64] Katsuyama Y, Matsuzawa M, Funa N, Horinouchi S. Production of 

curcuminoids by Escherichia coli carrying an artificial biosynthesis 

pathway. Microbiology 2008; 154: 2620-2628.

[65] Wu J, Liu PR, Fan YM, Bao H, Du GC, Zhou JW, et al. Multi variate 

modular metabolic engineering of Escherichia coli to produce resveratrol 

from L-tyrosine. J Biotechnol 2013b; 167: 404-411.

[66] Savka MA, Dailey L, Popova M, Mihaylova R, Merritt B, Masek M, et 

al. Chemical composition and disruption of quorum sensing signaling in 

geographically diverse United States propolis. Evid Based Complementary 

Altern Med 2015; 2015: 472593. Doi: 0.1155/2015/472593.

[67] Zhu SJ, Wu J, Du GC, Zhou JW, Chen J. Efficient synthesis of eriodictyol 

from L-tyrosine in Escherichia coli. Appl Environ Microbiol 2014; 80: 

3072-3080. 

[68] Iqbal K, Sang-Do H. A review of microbial biofilms of produce: Future 

challenge to food safety. Food Sci Biotechnol 2012; 21(2): 299-316.

[69] Giaouris E, Heir E, Hebraud M, Chorianopoulos N, Langsrud S, 

Moretro T. Attachment and biofilm formation by foodborne bacteria in 

meat processing environments: Causes, implications, role of bacterial 

interactions and control by alternative novel methods. Meat Sci 2014; 97: 

298-309.

[70] Marques C, David G, Sauer K. Control of biofilms with the fatty acid 

signaling molecule cis-2-decenoic acid. Pharmaceuticals (Basel) 2015; 

8(4): 816-835.

[71] Armbruster CR, Parsek MR. New insight into the early stages of biofilm 

formation. Proc Natl Acad Sci USA 2018; 115(17): 4317-4319. 

[72] Jamal M, Ahmad W, Andleeb S, Jalil F, Imran M, Nawaz MA, et al. 

Bacterial biofilm and associated infections. J Chin Med Assoc 2018; 

81(1): 7-11. 

[73] Vestby LK, Gronseth T, Simm R, Nesse LL. Bacterial biofilm and its role 

in the pathogenesis of disease. Antibiotics 2020; 9(2): 59. 

[74] Daglia M. Polyphenols as antimicrobial agents. Curr Opin Biotechnol 

2012; 23(2): 174-181.

[75] Sanhueza L, Melo R, Montero R, Maisey K, Mendoza L, Wilkens M. 

Synergistic interactions between phenolic compounds identified in grape 

pomace extract with antibiotics of different classes against Staphylococcus 

aureus and Escherichia coli. PLoS One 2017; 12(2): e0172273. Doi: 

10.1371/journal.pone.0172273.

[76] Bodet C, Grenier D, Chandad F, Ofek I, Steinberg D, Weiss EI. Potential 

oral health benefts of cranberry. Crit Rev Food Sci Nutr 2008; 48: 672-

680.

[77] Niu C, Gilbert ES. Colorimetric method for identifying plant essential 

oil components that afect bioflm formation and structure. Appl Environ 

Microbiol 2004; 70: 6951-6956. 

[78] Brackman G, Defoirdt T, Miyamoto C, Bossier P, Van Calenbergh S, 

Nelis H, et al. Cinnamaldehyde and cinnamaldehyde derivatives reduce 

virulence in Vibrio spp. by decreasing the DNA-binding activity of the 

quorum sensing response regulator LuxR. BMC Microbiol 2008; 8: 149.

[79] Lee JH, Regmi SC, Kim JA, Cho MH, Yun H, Lee CS, et al. Apple 

favonoid phloretin inhibits Escherichia coli O157:H7 bioflm formation 

and ameliorates colon infammation in rats. Infect Immun 2011; 79: 4819-

4827. 

[80] Lopes LAA, dos Santos Rodrigues JB, Magnani M, de Souza EL, de 

Siqueira-Junior JP. Inhibitory effects of flavonoids on bioflm formation 

by Staphylococcus aureus that overexpresses efflux protein genes. Microb 

Pathog 2017; 107: 193-197.

[81] Wang J, Song M, Pan J, Shen X, Liu W, Zhang X, et al. Quercetin 

impairs Streptococcus pneumoniae bioflm formation by inhibiting sortase 

A activity. J Cell Mol Med 2018; 22: 6228-6237.

[82] Krishnan T, Yin WF, Chan KG. Inhibition of quorum sensing-controlled 

virulence factor production in Pseudomonas aeruginosa PAO1 by 

Ayurveda spice clove (Syzygium aromaticum) bud extract. Sensors (Basel) 

2012; 12: 4016-4030. 

[83] Chu W, Zhou S, Jiang Y, Zhu W, Zhuang X, Fu J. Effect of traditional 

Chinese herbal medicine with antiquorum sensing activity on 

Pseudomonas aeruginosa. Evid Based Complement Altern Med 2013; 2013: 

648257. Doi: 10.1155/2013/648257.

[84] Tan SY, Chua SL, Chen Y, Rice SA, Kjelleberg S, Nielsen TE, et al. 

Identification of five structurally unrelated quorum-sensing inhibitors of 

Pseudomonas aeruginosa from a natural-derivative database. Antimicrob 

Agents Chemother 2013; 57: 5629-5641.

[85] Vasavi HS, Arun AB, Rekha PD. Anti-quorum sensing activity of 

favonoid-rich fraction from Centella asiatica L. against Pseudomonas 

aeruginosa PAO1. J Microbiol Immunol Infect 2016; 49: 8-15. 

[86] Ouyang J, Sun F, Feng W, Sun Y, Qiu X, Xiong L, et al. Quercetin is an 

efective inhibitor of quorum sensing, bioflm formation and virulence 

factors in Pseudomonas aeruginosa. J Appl Microbiol 2016; 120: 966-974.

[87] Zeng Y, Nikitkova A, Abdelsalam H, Li J, Xiao J. Activity of quercetin 

and kaemferol against Streptococcus mutans biofilm. Arch Oral Biol 2018; 

98: 9-16. 

[88] Qayyum S, Sharma D, Bisht D, Khan AU. Identifcation of factors 

involved in Enterococcus faecalis biofilm under quercetin stress. Microb 

Pathog 2018; 126: 205-211.

[89] Al-Shabib NA, Husain FM, Ahmad I, Khan MS, Khan RA, Khan JM. 

Rutin inhibits mono and multi-species biofilm formation by foodborne 

drug resistant Escherichia coli and Staphylococcus aureus. Food Control 



243Arnica F Lal et al./ Asian Pacific Journal of Tropical Biomedicine 2021; 11(6): 231-243

2017; 79: 325-332.

[90] Zhang J, Rui X, Wang L, Guan Y, Sun X, Dong M. Polyphenolic extract 

from Rosa rugosa tea inhibits bacterial quorum sensing and biofilm 

formation. Food Control 2014; 42: 125-131.

[91] Packiavathy IASV, Agilandeswari P, Musthafa KS, Pandian SK, Ravi 

AV. Antibiofilm and quorum sensing inhibitory potential of Cuminum 

cyminum and its secondary metabolite methyl eugenol against Gram 

negative bacterial pathogens. Food Res Int 2012; 45(1): 85-92.

[92] Xu X, Zhou XD, Wu CD. Tea catechin epigallocatechin gallate inhibits 

Streptococcus mutans biofilm formation by suppressing gtf genes. Arch 

Oral Biol 2012; 57(6): 678-683.

[93] Maisuria VB, Hosseinidoust Z, Tufenkji N. Polyphenolic extract from 

maple syrup potentiates antibiotic susceptibility and reduces biofilm 

formation of pathogenic bacteria. Appl Environ Microbiol 2015; 81(11): 

3782-3792.

[94] Lee JH, Kim YG, Choi P, Ham J, Park JG, Lee J. Antibiofilm and 

antivirulence activities of 6-gingerol and 6-shogaol against Candida 

albicans due to hyphal inhibition. Front Cell Infect Microbiol 2018; 8: 299.

[95] Payne DE, Martin NR, Parzych KR, Rickard AH, Underwood A, Boles 

BR. Tannic acid inhibits Staphylococcus aureus surface colonization in an 

IsaA-dependent manner. Infect Immun 2013; 81: 496-504. 

[96] Quave CLL, Estévez-Carmona M, Compadre CM, Hobby G, 

Hendrickson H, Beenken KE, et al. Ellagic acid derivatives from Rubus 

ulmifolius inhibit Staphylococcus aureus biofilm formation and improve 

response to antibiotics. PLoS One 2012; 7(1): e28737.  Doi: 10.1371/

journal.pone.0028737.

[97] Slobodníkova L, Fialova S, Hupkova H, Grancai D. Rosmarinic acid 

interaction with planktonic and biofilm Staphylococcus aureus. Nat Prod 

Commun 2013; 8: 1747-1750.

[98] Xu C, Yagiz Y, Hsu WY, Simonne A, Lu J, Marshall MR. Antioxidant, 

antibacterial, and antibiofilm properties of polyphenols from muscadine 

grape (Vitis rotundifolia Michx.) pomace against selected foodborne 

pathogens. J Agric Food Chem 2014; 62: 6640-6649.

[99]  Sivaranjani M, Gowrishankar S, Kamaladevi A, Pandian SK, 

Balamurugan K, Ravi AV. Morin inhibits biofilm production and reduces 

the virulence of Listeria monocytogenes: An in vitro and in vivo approach. 

Inter J Food Microb 2016; 237: 73-82.

[100] Manner S, Skogman M, Goeres D, Vuorela P, Fallarero A. Systematic 

exploration of natural and synthetic flavonoids for the inhibition of 

Staphylococcus aureus biofilms. Int J Mol Sci 2013; 14: 19434-19451.

[101] Rozalski M, Micota B, Sadowska B, Stochmal A, Jedrejek D, 

Wieckowska-Szakiel M, et al. Antiadherent and antibiofilm activity of 

Humulus lupulus L. derived products: New pharmacological properties. 

BioMed Res Int 2013; 2013: 101089.

[102] Lee JH, Kim YG, Cho HS, Ryu SY, Cho MH, Lee J. Coumarins reduce 

biofilm formation and the virulence of Escherichia coli O157:H7. 

Phytomedicine 2014; 21: 1037-1042.

[103] Zeng Z, Qian L, Cao L, Tan H, Huang Y, Xue X, et al. Virtual screening 

for novel quorum sensing inhibitors to eradicate biofilm formation of 

Pseudomonas aeruginosa. Appl Microbiol Biotechnol 2008; 79: 119-126.

[104] Ding X, Yin B, Qian L, Zeng Z, Yang Z, Li H, et al. Screening for 

novel quorum-sensing inhibitors to interfere with the formation of 

Pseudomonas aeruginosa biofilm. J Med Microbiol 2011; 60: 1827-1834.

[105] Borris RP. Natural products research: Perspectives from a major 

pharmaceutical company. J Ethnopharmacol 1996; 51: 29-38.

[106] Lin RD, Chin YP, Hou WC, Lee MH. The effects of antibiotics 

combined with natural polyphenols against clinical methicillin-resistant 

Staphylococcus aureus (MRSA). Planta Med 2008; 74: 840-846.

[107] Stefanovic OD. Synergistic activity of antibiotics and bioactive plant 

extracts: A study against Gram-positive and Gram-negative bacteria. 

In: Kirmusaoglu S (ed.) Bacterial pathogenesis and antibacterial control. 

London: IntechOpen; 2018, p. 23-42.

[108] Rizzo A, Romano-Carratelli C, Losacco A, Iovene MR. Antimicrobial 

effect of natural polyphenols with or without antibiotics on Chlamydia 

pneumoniae infection in vitro. Microb Drug Resist 2014; 20(1): 1-10.

[109] Horiuchi K, Shiota S, Kuroda T, Hatano T, Yoshida T, Tsuchiya T. 

Potentiation of antimicrobial activity of aminoglycosides by carnosol 

from Salvia officinalis. Biol Pharm Bull 2007; 30: 287-290.

[110] Qin R, Xiao K, Li B, Jiang W, Peng W, Zheng J, et al. The combination 

of catechin and epicatechin gallate from Fructus crataegi potentiates 

β-lactam antibiotics against methicillin-resistant Staphylococcus aureus 

(MRSA) in vitro and in vivo. Int J Mol Sci 2013; 14: 1802-1821.

[111] Mun SH, Joung DK, Kim YS, Kang OH, Kim SB, Seo YS, et al. 

Synergistic antibacterial effect of curcumin against methicillin-resistant 

Staphylococcus aureus. Phytomedicine 2013; 20: 714-718.

[112] Shiota S, Shimizu M, Mizushima T, Ito H, Hatano T, Yoshida T, et 

al. Restoration of effectiveness of β-lactams on methicillin resistant 

Staphylococcus aureus by tellimagrandin I from rose red. FEMS 

Microbiol Lett 2000; 185: 135-138.

[113] Hemaiswarya S, Doble M. Synergistic interaction of eugenol with 

antibiotics against Gram negative bacteria. Phytomed 2009; 16(11): 997-

1005.

[114] Roy SK, Kumari N, Gupta S, Pahwa S, Nandanwar H, Jachak SM. 

7-Hydroxy-(E)-3- phenylmethylene-chroman-4-one analogues as efflux 

pump inhibitors against Mycobacterium smegmatis mc(2) 155. Eur J Med 

Chem 2013; 66: 499-507.

[115] Stermitz FR, Lorenz P, Tawara JN, Zenewicz LA, Lewis K. Synergy in 

a medicinal plant: Antimicrobial action of berberine potentiated by 5’- 

methoxyhydnocarpin, a multi-drug pump inhibitor. Proc Natl Acad Sci 

USA 2000; 97: 1433-1437.

[116] Pejin B, Talevska A, Ciric A, Glamoclija J, Nikolic M, Talevski T, et al. 

Anti-quorum sensing activity of selected sponge extracts: A case study 

of Pseudomonas aeruginosa. Nat Prod Res 2014; 28(24): 2330-2333.

[117] Pejin B, Iodice C, Tommonaro G, Stanimirovic B, Ciric A, Glamoclija 

J, et al. Further in vitro evaluation of antimicrobial activity of the marine 

sesquiterpene hydroquinone avarol. Curr Pharm Biotechnol 2014; 15(6): 

583-588.


