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ABSTRACT  

Periodontal diseases are primarily caused by bacteria forming biofilms characterized by host response symptoms. Quorum 
sensing (QS), a regulatory mechanism, is essential for bacteria to communicate and produce virulence factors for disease 
colonization. Host-modulation of QS, particularly quorum quenching (QQ), has been suggested as a new strategy for preventing 
infectious diseases. Inhibiting virulence factor production without affecting bacterial colonization could regress periodontal 
disease to a healthy state by manipulating the composition of the biofilm. This review evaluates the potential of quorum sensing 
inhibition as an effective method to control periodontal disease, suggesting that it may be key to preventing irreversible 
periodontal damage. 
Keywords: Periodontal disease, auto-inducers, quorum sensing, biofilm, quorum quenching, virulence.  

CLINICAL SIGNIFICANCE 

Quorum sensing (QS) plays a pivotal role in the pathogenesis of periodontal disease by regulating bacterial communication and 
virulence factor production within biofilms. Targeting QS mechanisms, particularly through quorum quenching (QQ), offers a 
promising therapeutic approach to managing periodontal infections without promoting antibiotic resistance. By disrupting QS 
signals, it is possible to reduce the pathogenicity of periodontitis-causing bacteria, thereby inhibiting biofilm formation and 
virulence expression. This strategy may enhance periodontal treatment outcomes and prevent the progression of periodontal 
disease, contributing to better oral health management. 
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INTRODUCTION  

Dental plaque serves as the principal causative agent of 
periodontal disease. Plaque, which comprises 
microorganisms adhered to a surface and encased in a self-
generating extracellular matrix of polymers, is a distinct 
biofilm characterized by its organization, density, and 
complexity. Dental Plaque is an indispensable precursor to 
periodontal disease. Periodontitis is invariably precipitated 
by the etiology of gingivitis, which is invariably present as 
a prerequisite for its progression (1). 4 to 12 hours following 
cleansing, plaque formation commences on teeth. After the 
initial colonizers, acquired pellicles facilitate the attachment 
and growth of each succeeding group of organisms in 
succession (1). Typically, infections are linked to late 
colonizers. These microorganisms gradually provoke the 
host to respond to inflammation. The host reacts negatively 
to microbial and host-associated challenges, accelerating 
the progression of periodontal disease (2). A fundamentally 
antagonistic struggle ensues between the host, which 
endeavors to eliminate the harmful microorganisms, and the 
microbes, which strive to adapt, withstand elimination, and 
maintain their pathogenic nature (3,4).  Quorum sensing is 
an intercellular signaling system that is significant in 
determining the virulence and coordination of the 
pathogenic mechanisms of these microorganisms (5). 

QUORUM SENSING MECHANISMS IN 
PERIODONTAL DISEASE 

Quorum sensing (QS) is a mechanism of communication 
between cells that enables bacteria to regulate the activation 
of certain genes in response to cell density. Quorum sensing 
is a process in which organisms produce and release 
signaling molecules known as autoinducers (6). Following 
their detection of the autoinducers, the bacteria modify the 
expression of certain genes. The occurrence was first 
noticed in the marine bacterium species Vibrio fischeri, 
whereby bioluminescence was only shown when a 
sufficient quantity of bacteria was present (7). 
Subsequently, quorum sensing has become a prevalent 
mechanism in Gram-positive and Gram-negative bacteria, 
mostly controlling biofilm development and pathogenicity 
(6). Initially, quorum sensing was believed to be limited to 
a particular group of bacteria. However, the similarity in 
structure of the signaling autoinducers suggests the 
possibility of intercommunication between diverse bacterial 
species. Several quorum-sensing autoinducers have been 
discovered in different bacterial species, however, the most 
prevalent ones are N-acylated homoserine lactones and 
autoinducer-2. Signaling molecules vary in their complexity 
and accessibility, and they may only be exclusive to 
particular bacterial species (8) Figure 1.  

 
Figure 1: Quorum sensing enables bacteria in biofilms to chemically communicate and coordinate their activity as if they were 

multicellular organisms in response to environmental changes. Autoinducers are chemical signaling molecules that are 
produced and secreted by bacteria. These chemicals' extracellular concentration rises in proportion to the density of bacterial 

cells. Bacteria react appropriately and change their behavior in response to the minimum threshold stimulatory concentration of 
a particular autoinducer. Created with BioRender.com 

QS allows bacteria to regulate gene expression in response 
to cell density and has been demonstrated to control 
virulence factor expression (6). QS has been found to 
regulate the expression of virulence factors in many 
medically important organisms (6). Virulence factors are 
molecules expressed by bacteria that damage host tissues 

and help the bacteria cause infection. They often are 
coordinated with an invasive phase of the infection (9). QS 
regulates biofilm, by far the foremost protection allowing 
invasiveness in microbes. QS controls a wide range of 
processes in many Gram-positive and Gram-negative 
bacteria. It is important for survival in hostile environments 
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because many QS-controlled factors are related to the 
organism's virulence to the host (10). QS mediates the 
processes of virulence factor expression and biofilm 
formation at an appropriate stage in the infection, often it is 
more efficient for bacteria to carry out these potentially 
costly processes when it is surrounded by a quorum of cells 
all endowed with the same phenotype. High sociality from 
quorum sensing and the strategy of cheating in quorum 
sensing are predicted to be expansive origins of 
multicellularity (11).  

Aggregatibacter actinomycetemcomitans (A. 
actinomycetemcomitans), a particular periodontal pathogen, 
has been shown to increase the synthesis of the RTX toxin, 
a leukotoxin unique to this pathogen when quorum sensing 
is induced by a signaling molecule distinct to the species. 
Typically, after a sufficient number of bacteria has been 
achieved, the presence of certain genes will lead to 
observable changes in the characteristics of the bacterial 
populations, such as an elevated production of virulence 
factors. Gradual elevations of autoinducer-2 and targeted 
communication via LuxS have been linked to enhanced 
production of biofilms in Streptococcus mutans (S.muatns) 
as well as periodontopathogens such as Porphyromonas 
gingivalis and Fusobacterium nucleatum (12). 

Recent studies have established that Porphyromonas 
gingivalis (P. gingivalis) possess functional LuxI 
homologues and can elicit a quorum sensing response. 
However, the specific systems and signals involved in QS 
of periodontal bacteria have not been well characterized. P. 
gingivalis requires the two-component signaling system of 
LuxS and AI-2 for biofilm development and the generation 
of major virulence factors involved in tissue destruction 
such as gingipains and hemagglutinins. This includes FimA, 
which is necessary for initial adhesion and colonization to 
the tooth surface and is regulated by a complex at a gene 
transcription level, involving quorum sensing independent 
effects (13-15). Every bacterium has distinct signaling 
pathways that might be used as a precise target or an 
inhibitory mechanism in treating diseases. The elaboration 
and understanding of the complex processes and 
mechanisms responsible for periodontal diseases, as well as 
the mechanisms by which the periodontal pathogens 
interact with the host in the initiation and progression of 
disease, are likely to lead to a new era of therapeutic 
approaches aimed at specifically preventing or modulating 
diseases through interaction with the bacterial etiologic 
agents (16). This is known as antibiosis (17). Some of the 
most recent and promising therapies for periodontal 
diseases by utilizing agents that target biofilm formation, 
bacterial quorum-sensing systems, and other virulence 
factors (18). Quorum sensing was first described in a 
periodontal context by which P. gingivalis coordinates its 
gene expression during biofilm development. This 
coordination was shown to require the central and 
physiologically important signaling molecule AI-2 and is 
effectively an AI-2-dependent quorum sensing system (19). 
It has since been shown that the LuxS enzyme required for 
AI-2 synthesis is prevalent in periodontal isolates and that 
AI-2 activity promotes biofilm formation and coordinated 

regulation of virulence factor expression not only in P. 
gingivalis but a range of periodontal pathogens (19). This 
makes quorum sensing an ideal target for novel anti-
periodontal therapies.  

QUORUM SENSING QUENCHING STRATEGIES 

The two broad strategies currently employed are n-acyl-L-
homoserine lactone analogues and enzymes that degrade the 
signaling molecule. The former is designed to either inhibit 
the manufacture of the signal or cause rapid inactivation, in 
turn halting gene expression (20). GlaxoSmithKline has 
shown that brominated furanones are capable of 
downregulating the synthesis of autoinducers in V. fischeri 
and P. aeruginosa and has suggested that these and other 
signal synthesis inhibitors may act as antipathogenic drugs 
by rendering bacteria unable to detect their environment. 
The potential of these inhibitors is highlighted in a recent 
study demonstrating that these compounds and a mutation 
that disrupts the quorum sensing system protected burned 
mice from P. aeruginosa sepsis (21). The use of signal 
analogues is the specific mimicking and antagonizing of the 
native signal. An analogue that alters the quorum sensing 
gene transcription to produce a nonvirulent phenotype holds 
the possibility of vaccines for preventative infection 
measures (22). 

Quorum sensing quenching prevents disease by inactivating 
QS signals or interfering with their detection so that bacteria 
behave as if they are alone and hence do not express the 
virulence factors that require a certain cell density (23). The 
clear advantage of quorum sensing interference over 
antibiotic therapy is that host-beneficial bacteria are 
generally not believed to use quorum sensing for expression 
of advantageous traits and so would not be affected by this 
approach (24). It is hoped that this approach will lead to the 
development of a new class of antimicrobial agents that do 
not kill bacteria and hence will not select for evolved 
resistance. A large number of quorum sensing systems have 
been described in all levels of complexity and detail, 
unfortunately, only a few quorum quenching strategies have 
reached the stage of in vivo testing (25-27). 

QUORUM SENSING QUENCHING STRATEGIES 

Multiple research groups have launched initiatives focused 
on the systematic development of novel categories of 
antibiotics that do not eliminate germs, but instead render 
them incapable of causing diseases (28-30). An approach 
that has been suggested for this entails selectively blocking 
the activity of certain virulence factor proteins by targeting 
the transcriptional activators that control their production 
(31). An example of this would be the previously noted 
suppression of HSL-dependent transcription in P. 
aeruginosa (32). This method is attractive because it has the 
potential to bypass the issue of antibiotic resistance in 
bacteria. This is because there would be little or no selection 
pressure against the genes that are being inhibited (32).  

Due to the recent increase in the ability of disease-causing 
bacteria to resist traditional antibiotics, there is a need to 
explore novel categories of antimicrobial substances. 
Consequently, several substances have been assessed for 
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their effectiveness as inhibitors of quorum sensing. Notably, 
several natural plant compounds and secondary metabolites 
have been discovered to disrupt QS in both P. aeruginosa 
and other species. An instance of this is the flavonoid 
molecule 3-oxo-C12HSL found in P. aeruginosa, which acts 
as a competitive inhibitor of the LasR autoinducer. This 
inhibition led to a decrease in the production of several 
virulence factors (33). 

Perhaps the most straightforward approach to QS inhibition 
is the use of small molecules designed to block chemical 
communication. As many of the signals in Gram-positive 
bacteria utilize AIPs, it is possible that molecules designed 
to mimic the cognate receptor would act as antagonists of 
QS. Successful inhibition of the agr system in 
Staphylococcus aureus using peptide-based antagonists of 
the AgrA response regulator has been demonstrated in vitro 
and a murine sepsis model. Similar strategies have been 
proposed for the inhibition of LuxR-type regulators. An 
alternative approach is the enzymatic degradation of signal 
molecules, completely preventing signal transduction 
(29,34,35).  

THE EFFECTS OF QUORUM SENSING 
QUENCHING ON PERIODONTAL DISEASE 

Recent evidence has suggested that quorum sensing in 
biofilms could affect response to environmental stimuli. 
The dual-species biofilm of P. gingivalis and F.nucleatum 
is a growing area of research (36). This is because it is 
known that P. gingivalis requires F. nucleatum to colonize 

and it would appear that coexistence is beneficial to both 
organisms. F. nucleatum is a key orchestrator of biofilm 
formation and coaggregation in the oral cavity; it mediates 
the coaggregation of P. gingivalis with other oral organisms 
by expressing a series of unique coaggregation receptors. 
High-affinity coaggregation between P. gingivalis and F. 
nucleatum is deemed a major risk factor for periodontal 
disease (36). The effect of F. nucleatum on P. gingivalis is 
an increased production of cysteine proteases, which is an 
important virulence factor for P. gingivalis. These proteases 
are produced in response to F. propylacticum, an early 
colonizer during plaque formation, but are shown to be 
increased in the presence of F. nucleatum (36). This 
suggests that an increase in protease production may be a 
quorum-dependent event. It has been shown that media 
supplemented with heme or hemoglobin can moderately 
increase the production of cysteine proteases, an essential 
step in the utilization of heme groups within the host. This 
is of interest because P. gingivalis has been shown to 
efficiently utilize this nutrient source to potentiate the 
virulence of the organism (37). A recent study has shown 
that heme-induced cysteine protease activity, as well as 
specific protease mRNA in P. gingivalis, was decreased 
when in co-culture with F. nucleatum, despite increased 
levels of heme and hemoglobin. This means that F. 
nucleatum-induced regulation of P. gingivalis gene 
expression might affect a heme-dependent virulence factor. 
This would be an interesting area to study the effects of QS 
on gene transcription in P. gingivalis (38). Figure 2 

 
Figure 2: Microbial dysbiosis is the cause of periodontitis. It is caused by bacteria like P. gingivalis, T. denticola, T. forsythia, 
and A. actinomycetemcomitans. These bacteria release virulence factors like collagenases, sulfides, and endotoxins, and can be 

influenced by factors like dry mouth, biofilm retention, smoking, metabolic factors, poor nutrition, medications, systemic 
diseases, and stress. The balance between the patient's immune system and the pathogenicity of bacteria is disrupted, leading to 

the development of periodontal pockets and the release of pro-inflammatory cytokines. Created with BioRender.com 

Studies have shown that when the AI-2 production of P. 
gingivalis is inhibited, there is an effect on the expression 

of major virulence factors such as the capsule synthesis in a 
rat subcutaneous abscess model and hemagglutinins in a 
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murine lesion model (14). The effects of these were a great 
reduction in the ability to cause abscesses and form lesions. 
This would suggest that QQ could affect the pathogenicity 
of P. gingivalis.  

An attempt to form a transposon knockout mutant of the P. 
gingivalis LuxS gene was unsuccessful; it was suggested 
that AI-2 may have an effect on gene transcription by means 
other than activation of the LuxS gene and that genes 
essential for P. gingivalis may be regulated by a system 
using multiple signaling molecules. The researchers 
described this as a critical turning point in the study and 
commented that further research should be carried out to 
identify specific genes and their products affected by AI-2 
(39).  

ANTIBIOTICS AS QUORUM SENSING 
INHIBITORS 

Antibiotics with quorum-sensing inhibition (QSI) activity 
constitute the largest class of compounds used as anti-
infective agents in both human and veterinary medicine. 
Quinolone derivatives and macrolides were the first 
antibiotics identified to reduce QS-regulated virulence 
factor production, using Pseudomonas aeruginosa as a 
model organism (40). Sub-inhibitory concentrations of 
novobiocin, a DNA synthesis inhibitor, have been shown to 
disrupt AI-2 signaling and bioluminescence in Vibrio 
harveyi, although specific QSI studies with this organism 
remain limited (41). 

Among tetracycline derivatives, the semi-synthetic 
antibiotic doxycycline has demonstrated dose-dependent 
inhibition of gelatinase and serine protease production—
both directly regulated by the fsr QS system—when tested 
using a bioluminescent reporter gene assay in Enterococcus 
faecalis (42). However, the dual effect of doxycycline on 
bacterial growth and QS inhibition is considered 
undesirable for the development of QSI-based adjunctive 
therapies. Notably, E. faecalis, commonly associated with 
endodontic infections, is also linked with periodontal 
disease, where doxycycline remains a widely used 
therapeutic agent (43). This clinical relevance makes 
doxycycline a promising candidate for in vivo QSI trials 
(44). 

Tetracycline antibiotics may also interfere with bacterial S-
ribosyl homocysteine metabolism, a precursor of AI-2. 
High doses of S-ribosyl homocysteine analogs, such as 5-
fluororibose, have been reported to deregulate QS-
dependent global gene expression in E. faecalis through 
competitive inhibition and pathway toxicity (43). 

A new generation of algorithmic QS inhibitors is emerging, 
specifically designed to target metabolic pathways essential 
for QS signal production, without directly affecting 
bacterial growth or survival (45). By selectively hindering 
pathogenicity without exerting selective pressure on 
commensal flora, these agents present ideal candidates for 
short-term anti-infective use, particularly when combined 
with host immune-enhancing or conventional antimicrobial 
therapies (Figure 3). 

 

Figure3: Quorum sensing inhibition (QSI) by antibiotics in bacterial pathogens. The diagram illustrates how antibiotics 
interfere with quorum sensing mechanisms in Pseudomonas aeruginosa and Enterococcus faecalis. Quinolone derivatives 

inhibit QS-regulated virulence factors in P. aeruginosa, while doxycycline suppresses gelatinase and serine protease 
production in E. faecalis through the fsr QS system. Additionally, the AI-2 pathway is disrupted by 5-fluororibose, a 

competitive inhibitor of S-ribosyl homocysteine metabolism, attenuating QS-dependent gene expression. These mechanisms 
highlight the potential of QSI agents as adjunctive therapies for periodontal and endodontic infections. Illustration created by 

AI with author assistance 
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NATURAL COMPOUNDS AS QUORUM-SENSING 
QUENCHERS 

The use of natural compounds as potential therapy is highly 
appealing based on the worldwide resurgence of public 
interest in natural remedies. The simplicity is attractive and 
it may have broad implications for the treatment and 
prevention of many diseases including periodontitis (46). 
For example, green tea, widely consumed in Asian 
countries, has been suggested for the prevention of many 
types of cancer and respiratory infections. Its efficacy has 
been attributed in part to a catechin called epigallocatechin 
and it has demonstrated inhibition of QS-controlled 
phenotypes in P. aeruginosa (47). It has been shown to 
specifically inhibit the activity of the lasR gene product 
through decreasing levels of the autoinducer rather than the 
production of the receptor (47). This is significant because 
so far the majority of research into QS quenching has been 
with compounds that inhibit AI synthesis and not receptor 
activity (48). Another advantage of quorum-quenching 
agents is that interference with bacterial communication 
may make bacteria more susceptible to host immune 
defenses and phagocytosis (49). This has been 
demonstrated with the use of garlic extract and 
azithromycin and by the enhanced clearance of V. harveyi 
from the hemolymph of oysters with the use of a 
recombinant endostatin protein (50). A similar situation was 
found by the increased sensitivity of H.influenzae to the 
cytotoxic effects of human neutrophils and a cathelicidin 
antimicrobial peptide when its ability to produce an 
essential iron-acquisition outer membrane protein was 
impeded by using an antisense RNA (51). This strategy may 
also serve to work selectively against virulence gene 
expression as has been shown in a study that used a 
flavonoid compound to completely block the synthesis of 
extracellular protein in S. mutans.  
SYNTHETIC MOLECULES FOR QUORUM 
SENSING INHIBITION 

An example of a synthetic molecule that is based on a 
natural compound but has increased activity is the ajoene 
analog, a carbohydrate-based compound developed from 
the natural compound ajoene, which is found in garlic. 
Ajoene was originally identified as an anticoagulant and 
was later identified as having anti-biofilm properties in S. 
aureus and S. epidermidis (52). The ajoene analog was 

obtained by chemical synthesis using as a template the 
disaccharide structure derived from the ajoene metabolic 
pathway in A. niger. This molecule showed improved anti-
biofilm activity over ajoene and was less toxic (52). 

A more contemporary approach to developing molecules 
against QS would be to create synthetic analogs of these 
natural compounds, or compounds that echo natural 
compounds but have increased activity. This can involve 
modifying the structure of the natural compound slightly or 
using the natural compound as a template to construct a 
novel molecule. The advantage of these compounds over 
the aforementioned natural compounds is that they can be 
fine-tuned for increased activity, specificity, and lower 
ecological impact due to structural elucidation of interacting 
ligand-receptor complexes and rational design of higher 
affinity ligands. They are also easy to produce on a large 
scale (53,54). 

EFFICACY OF QUORUM SENSING QUENCHING 

Ongoing research continues to shed light on the relationship 
between microbial species and their pathogenic potential in 
periodontal disease, particularly through animal models 
such as rats and mice (55). Evidence from one such study 
suggests that Prevotella intermedia relies on the presence of 
Porphyromonas gingivalis to induce disease in the host. Co-
infection of mice with both bacterial species led to 
significant alveolar bone loss, a hallmark feature of 
periodontitis (56). These findings have fueled the 
hypothesis that controlling periodontitis progression may be 
possible by targeting the interactions between specific 
bacterial species, particularly through the use of quorum-
sensing (QS) inhibitors to disrupt microbial communication 
and block the expression of virulence genes. 

Several in vitro studies involving common periodontal 
pathogens have demonstrated the potential of QS inhibitors 
to interfere with microbial pathogenicity (13, 57). For 
instance, recent research has shown that compounds derived 
from garlic effectively inhibit biofilm formation and the 
production of harmful metabolites in P. gingivalis (58). 
Similarly, plant-derived extracts have been reported to 
disrupt biofilm development and exert antagonistic effects 
against P. gingivalis. While these findings are promising, it 
is evident that the full potential of QS inhibitors in 
periodontal therapy cannot be fully understood through in 
vitro experiments alone (59) (Figure 4). 
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Figure 4: Role of quorum sensing inhibitors (QSIs) in periodontitis. The diagram illustrates how periodontal pathogens such 
as Porphyromonas gingivalis and Prevotella intermedia communicate via quorum sensing (QS) signaling molecules to form 

biofilms and enhance virulence, leading to alveolar bone loss. QS inhibitors target these signaling pathways, reducing biofilm 
formation and virulence factor expression, thus potentially mitigating disease progression. 

Illustration generated by AI with author assistance. 

SAFETY AND SIDE EFFECTS 

The use of bacterial quorum sensing systems as a novel 
target for the prevention of periodontal disease appears to 
be a safe approach (13). Initial studies show that the 
employment of QS inhibitors displays low toxicity in host 
cells. Ethanolic extracts of garlic, purple coneflower, and 
plant essential oils, completely inhibit the production of AI-
2 by C. perfringens at sub-MIC concentrations, with no 
effect on bacterial growth (60).  Similar results were found 
for green tea and its polyphenolic compounds (61). 
Although these are in vitro studies, they present a promising 
outlook for in vivo and clinical trials. Sub-MIC levels of 
essential oils show good effect on pathogen virulence with 
little effect on growth (60). While there are many potential 
benefits to QS inhibition, it is an unrefined science and there 
are foreseeable problems with this approach for use in an in 
vivo situation. There are concerns about the possible 
evolution of resistant bacteria and that continual use of 
antibiotics and other antimicrobial drugs may create 
selection pressures that favor the replacement of pathogens 
with resistant but less virulent strains that no longer require 
disease treatment. This may lead to chronic carrier states of 
diseases such as S. aureus infection in which antibiotic 
therapy no longer remains effective. Antibiotic resistance is 
a costly problem in terms of human health, and QS 
inhibitors may be one answer to this global issue (62).  

A comprehensive safety assessment, which includes 
toxicity profiles, is one of the important requirements to be 
fulfilled before any substance can be used in human trials 
(63). This is particularly important for QS quenching 
inhibitors, which can interfere with a key cellular process in 
targeted pathogens, as failure of any of these inhibitors at 
their future developmental stages can result in systemic 
effects in patients.  

CHALLENGES AND LIMITATIONS 

Although promising, therapy that targets quorum sensing 
(QS) processes in vivo, in particular macrolide 
immunomodulation, leaves several important questions 
unanswered. Trials in humans are few. One notable study 
by Ebersole and colleagues evaluated the effect of sub-
antimicrobial dose doxycycline (SDD), an inhibitor of 
collagenase activity and inflammation, on the progression 
of periodontitis over 2 years. SDD was shown to halve the 
rate of alveolar bone loss, but no comparison was made to 
pocketing depth or clinical attachment level (CAL) (64). 
Furthermore, it is well-established that periodontal lesions 
are not homogenous, and can progress in random bursts or 
remain static for extended periods (65). The fluctuating 
nature of the condition poses challenges for longitudinal 
studies and may need the use of surrogate endpoints to 
successfully evaluate anti-QS medication in clinical trials. 

FUTURE DIRECTIONS AND 
RECOMMENDATIONS 

Given the complexity of this mode of cell-cell 
communication, it is essential to further our understanding 
of the periodontal ecology, which will require the 
development of new in vitro and in vivo model systems. 
Most of the evidence for the role of quorum sensing in 
periodontal disease is based on studies involving single-
species infections and although these have provided 
valuable information, it is microbial communities that are 
associated with periodontal diseases in humans. Therefore, 
a better understanding of the mechanisms involved in the 
transition from a healthy microbial community to a diseased 
state is required. This will undoubtedly lead to the 
identification of QS inhibitors and modulators, which can 
be used to develop new classes of anti-infective therapy. In 
the development of these therapies, it will be important to 
determine the effects of quorum-sensing inhibitors on the 
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commensal (beneficial) members of the oral flora. An 
alternative approach may involve the development of agents 
that specifically target virulence gene expression without 
affecting bacterial growth. As a means of combating the 
increasing problem of antibacterial resistance, new 
therapies could include anti-adhesive agents that stop the 
bacteria from adhering to surfaces in the oral cavity and 
vaccines using chemically modified virulence factors to 
induce an immune response. In the wake of public concerns 
regarding the safety of long-term antibiotic use, it is hoped 
that such therapies can provide a safer and more effective 
means of control for infectious diseases with a lower risk of 
adverse effects. 

PERSONALIZED TREATMENT APPROACHES 

It is important to understand that not all patients or colonies 
of biofilms are alike. Personalized treatment to combat 
periodontal diseases can be established if we know the 
specific strains of bacteria involved and their respective 
pathogenic mechanisms in the specific hosts. 
Unfortunately, the extensive heterogeneity found in the 
microbial composition of plaque biofilms between different 
subjects and within the same subject over some time makes 
it difficult to provide a universal therapy that can effectively 
prevent or treat periodontal diseases. Currently, the therapy 
is to provide mechanical removal of plaque (via scaling and 
root planning) accompanied by adjunctive antimicrobial 
therapy. This method is effective for some patients, yet 
others still progress with their diseases. Although a 
universal treatment for periodontal diseases may not be 
attainable at this time, the information gathered from 
research involving the personalized approach has great 
implications and gives promise for the future.  

CONCLUSION  

Standard treatment for periodontal disease involves the 
mechanical removal of the biofilm from the tooth surfaces. 
This is usually done using ultrasonic scalers or hand 
instruments. The drawbacks of this treatment are that it is 
time-consuming, can be painful, may cause damage to tooth 
and implant surfaces, is technique-sensitive, and not all 
areas of a patient's mouth are easily reachable with such 
instruments. It is therefore not surprising that various forms 
of chemical treatment have been considered. There is a 
consensus that an ideal chemical treatment would be quick, 
painless, cost-effective, and nontoxic to the patient and the 
host tissues. Such a treatment would selectively inhibit or 
kill the subgingival periodontal pathogens prevent the re-
colonization of the tooth surfaces by the indigenous 
microflora and prevent the attachment of further pathogens. 
This treatment does not yet exist, but the idea is to develop 
a method using specific molecularly targeted therapeutics. 
One such possible method is the interference with cell-to-
cell signaling in the hope that this will disrupt the ability of 
the bacteria to form a biofilm and prevent disease 
progression. This has led to the consideration of quorum 
sensing and quorum quenching in the field of periodontal 
research. 

For many years, antibiotics have been used to treat 
microbial infections. Over time, bacteria have developed 
ways to resist the effects of antibiotics. One such method is 
the development of a slimy layer called a biofilm. Bacteria 
living within a biofilm are highly resistant to antibiotics and 
are up to 1000 times more likely to survive than free-living 
bacteria. Periodontal disease is a mixed bacterial infection 
of the gum and tooth surfaces, which can lead to the 
destruction of the supporting tissues of the teeth. If 
untreated, this can ultimately result in tooth loss. 

REFERENCE 

1. Jakubovics NS, Goodman SD, Mashburn-Warren 
L, Stafford GP, Cieplik F. The dental plaque 
biofilm matrix. Periodontol 2000. 2021;86(1):32–
56. 

2. Nyvad B, Takahashi N. Integrated hypothesis of 
dental caries and periodontal diseases. J Oral 
Microbiol. 2020. 

3. Hajishengallis G, Chavakis T, Lambris JD. 
Current understanding of periodontal disease 
pathogenesis and targets for host-modulation 
therapy. Periodontol 2000. 2020;84(1):14–34. 

4. Yamamoto M, Aizawa R. Maintaining a protective 
state for human periodontal tissue. Periodontol 
2000. 2021. 

5. Belibasakis GN, Belstrøm D, Eick S, Gursoy UK, 
Johansson A, Könönen E. Periodontal 
microbiology and microbial etiology of 
periodontal diseases: historical concepts and 
contemporary perspectives. Periodontol 2000. 
2023. 

6. Nag M, Lahiri D, Ghosh A, Das D, Ray RR. 
Quorum sensing. In: Biofilm-Mediated Diseases: 
Causes and Controls. 2021. p. 21–45. 

7. Rattray JB, Thomas SA, Wang Y, Molotkova E, 
Gurney J, Varga JJ, et al. Bacterial quorum sensing 
allows graded and bimodal cellular responses to 
variations in population density. mBio. 
2022;13(3):e00745-22. 

8. Bernabè G, Pauletto A, Zamuner A, Cassari L, 
Castagliuolo I, Brun P, et al. Exploiting conserved 
quorum sensing signals in Streptococcus mutans 
and Streptococcus pneumoniae. Microorganisms. 
2022;10(12):2386. 

9. Reed SM, Bayly WM, Sellon DC. Mechanisms of 
infectious disease. In: Equine Internal Medicine. 
2004. p. 59–109. 

10. Azimi S, Klementiev AD, Whiteley M, Diggle SP. 
Bacterial quorum sensing during infection. Annu 
Rev Microbiol. 2020;74:201–219. 

11. Zhou L, Zhang Y, Ge Y, Zhu X, et al. Regulatory 
mechanisms and promising applications of 
quorum sensing-inhibiting agents in control of 
bacterial biofilm formation. Front Microbiol. 
2020. 

12. Belibasakis GN, Maula T, Bao K, Lindholm M, 
Bostanci N, Oscarsson J, et al. Virulence and 
pathogenicity properties of Aggregatibacter 



RESEARCH	PAPER	

IJDDT, Volume 16 Issue 25s, 2026 Page 167 

	

actinomycetemcomitans. Pathogens. 
2019;8(4):222. 

13. Wright PP, Ramachandra SS. Quorum sensing and 
quorum quenching with a focus on cariogenic and 
periodontopathic oral biofilms. Microorganisms. 
2022. 

14. Chopra A, Bhat SG, Sivaraman K. Porphyromonas 
gingivalis adopts intricate molecular mechanisms 
to persist within the host. J Oral Microbiol. 2020. 

15. Gains AF. Investigation of novel virulence genes 
in Porphyromonas gingivalis. 2021. 

16. Qasim SSB, Al-Otaibi D, Al-Jasser R, Gul SS, 
Zafar MS. Molecular mechanisms underlying 
periodontal diseases. Int J Mol Sci. 
2020;21(11):3829. 

17. Hussain I, Jabbar T, Naureen A, Hassan SU, 
Hussain A, Gilani MRHS, et al. Lincosamide and 
glycopeptide antibiotics. In: Antibiotics: 
Therapeutic Spectrum and Limitations. Academic 
Press; 2023. p. 183–202. 

18. Haque MM, Yerex K, Kelekis-Cholakis A, Duan 
K. Advances in novel therapeutic approaches for 
periodontal diseases. BMC Oral Health. 
2022;22(1):492. 

19. Plančak D, Musić L, Puhar I. Quorum sensing of 
periodontal pathogens. Acta Stomatol Croat. 
2015;49(3):234–241. 

20. Billot R, Plener L, Jacquet P, Elias M, Chabrière 
E, Daudé D. Engineering quorum sensing 
enzymes. J Biol Chem. 2020;295(37):12993–
13007. 

21. Muñoz-Cázares N, Castillo-Juárez I, García-
Contreras R, et al. Brominated furanone inhibits 
quorum sensing in Pseudomonas aeruginosa. 
Biomedicines. 2022;10(8):1847. 

22. Papenfort K, Bassler BL. Quorum sensing in 
Gram-negative bacteria. Nat Rev Microbiol. 
2016;14(9):576–588. 

23. Castillo-Juárez I, Maeda T, Mandujano-Tinoco 
EA, et al. Role of quorum sensing in infections. 
World J Clin Cases. 2015;3(7):575–598. 

24. Haque M, et al. Quorum sensing in antimicrobial 
resistance. Expert Rev Anti Infect Ther. 
2021;19(5):571–586. 

25. Zhu X, et al. Quorum quenching strategies. Front 
Plant Sci. 2023;13:1063393. 

26. Zhong S, He S. Quorum sensing inhibition in 
Acinetobacter baumannii. Front Microbiol. 2021. 

27. Teame T, et al. Application of quorum quenching. 
Trends QS QQ. 2020:363–386. 

28. Qin S, Xiao W, Zhou C, et al. Pseudomonas 
aeruginosa pathogenesis. Signal Transduct Target 
Ther. 2022;7(1):199. 

29. Rudra P, Boyd JM. Metabolic control of virulence 
in Staphylococcus aureus. Curr Opin Microbiol. 
2020. 

30. Denzer L, Schroten H, Schwerk C. Bacterial 
virulence factors and host gene expression. Int J 
Mol Sci. 2020;21(10):3730. 

31. Chu AJ, Qiu Y, Harper R, et al. Nusbiarylins 
targeting virulence factors. Int J Mol Sci. 
2020;21(16):5772. 

32. Langendonk RF, Neill DR, Fothergill JL. 
Antimicrobial resistance in Pseudomonas 
aeruginosa. Front Cell Infect Microbiol. 
2021;11:665759. 

33. Farha AK, Li Z, Xu Y, et al. Anti-quorum sensing 
effects of batatasin III. J Biomol Struct Dyn. 
2023;41(20):11341–11352. 

34. Parai D, Dey P, Mukherjee SK. Quorum sensing 
inhibitors. Front Anti Infect Agents. 2021;6:111. 

35. Angusamy A, et al. Plant-derived quorum sensing 
inhibitors. World J Microbiol Biotechnol. 
2023;39(6):147. 

36. Yamaguchi-Kuroda Y, Kikuchi Y, Kokubu E, 
Ishihara K. P. gingivalis signaling enhances 
biofilm formation. J Oral Microbiol. 
2023;15(1):2165001. 

37. Lewis JP, Dawson JA, Hannis JC, et al. Gingipain 
activity in P. gingivalis. J Bacteriol. 
1999;181(16):4905–4913. 

38. de Andrade KQ, Almeida-da-Silva CLC, 
Coutinho-Silva R. Immunological pathways of 
periodontal pathogens. Mediators Inflamm. 
2019:7241312. 

39. Klein BA, Duncan MJ, Hu LT. Virulence factors 
in P. gingivalis. Methods Mol Biol. 2015;1279:25–
43. 

40. Topa SH, Palombo EA, Kingshott P, Blackall LL. 
Cinnamaldehyde quorum sensing effects. 
Microorganisms. 2020. 

41. Naga NG, El-Badan DE, Ghanem KM, Shaaban 
MI. Quorum sensing inhibition strategies. Cell 
Commun Signal. 2023;21(1):133. 

42. Hancock LE, Perego M. Biofilm regulation in 
Enterococcus faecalis. J Bacteriol. 
2004;186(17):5629–5639. 

43. Hameed S, et al. Nano-silica antimicrobial 
combinations. Cureus. 2024;16(2):e54668. 

44. Bokor-Bratić M, Brkanić T. Clinical use of 
tetracyclines. Med Pregl. 2000;53:266–271. 

45. Bernabè G, Marzaro G, Di Pietra G, et al. Phenolic 
derivatives inhibiting quorum sensing. Front 
Pharmacol. 2022;13:996871. 

46. Chatzopoulos GS, Karakostas P, Kavakloglou S, et 
al. Herbal oral care in periodontitis. Int J Environ 
Res Public Health. 2022;19(16):10061. 

47. Farhan M. Green tea catechins and cancer. Int J 
Mol Sci. 2022;23(18):10713. 

48. García-Contreras R, Maeda T, Wood TK. 
Resistance to quorum-quenching compounds. 
Appl Environ Microbiol. 2013;79(22):6840–6846. 

49. Rémy B, Mion S, Plener L, et al. Quorum sensing 
interference. Front Pharmacol. 2018;9:203. 

50. Ghiasi R, Alihemmati A, Naderi R. Garlic and 
angiogenesis. J Cardiovasc Thorac Res. 
2020;12(3):195–202. 



The Impact Of Quorum Sensing Quenching On Prevention Of Periodontal Disease 

 
	

IJDDT, Volume 16 Issue 25s, 2026 Page 168 

	

51. Rangel K, Lechuga GC, Provance DW Jr, et al. 
Antimicrobial peptides. Pharmaceuticals. 
2023;16(9):1281. 

52. Bhatwalkar SB, Mondal R, Krishna SBN, et al. 
Garlic antibacterial properties. Front Microbiol. 
2021;12:613077. 

53. Madani A, Krause B, Greene ER, et al. Protein 
generation via AI. Nat Biotechnol. 
2023;41(8):1099–1106. 

54. Sippl W, Ntie-Kang F. SAR of natural products. 
Molecules. 2021. 

55. Oz HS, Puleo DA. Animal models for periodontal 
disease. J Biomed Biotechnol. 2011:754857. 

56. Leung KP, Torres BA. Prevotella intermedia 
immune response. Infect Immun. 
2000;68(9):5420–5424. 

57. Polizzi A, Donzella M, Nicolosi G, et al. Quorum 
sensing inhibition in oral biofilms. Pharmaceutics. 
2022;14(12):2740. 

58. Sasi M, Kumar S, Kumar M, et al. Garlic 
bioactives in oral disease. Antioxidants. 
2021;10(11):1847. 

59. He Z, Jiang W, Jiang Y, et al. Coumarin as quorum 
sensing inhibitor. J Oral Microbiol. 
2022;14(1):2055523. 

60. Ben Othman M, Bel Hadj Salah-Fatnassi K, Ncibi 
S, et al. Antimicrobial activity of plant extracts. 
Physiol Mol Biol Plants. 2017;23(3):723–729. 

61. Yin H, Deng Y, Wang H, et al. Tea polyphenols 
and quorum sensing. Sci Rep. 2015;5:16158. 

62. Davies J, Davies D. Origins of antibiotic 
resistance. Microbiol Mol Biol Rev. 
2010;74(3):417–433. 

63. Parasuraman S. Toxicological screening. J 
Pharmacol Pharmacother. 2011;2(2):74–79. 

64. Emingil G, Gürkan A, Tervahartiala T, et al. 
Doxycycline adjunctive effects. Dent J 
(Basel);7(1):9. 

65. Bartold PM, Van Dyke TE. Periodontitis as host-
mediated disruption. Periodontol 2000. 
2013;62(1):203–217. 

 

 

 

 

 

 

 

 

 

 


