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VN3 7 :\{e3l Antimicrobial peptides (AMPs) are a diverse group of naturally occurring molecules that form a crucial

component of the innate immune system across a wide range of organisms, from bacteria to humans.
These peptides are typically short, generally comprising 12-50 amino acids, and are known for their broad-spectrum
antimicrobial activity against bacteria, fungi, viruses, and even cancer cells (Luong et al., 2022). The potential applications of
AMPs in periodontics are particularly promising given the persistent challenge of periodontal diseases, which are
predominantly caused by pathogenic microbial communities in dental biofilms. Periodontitis, a severe form of gum disease,
leads to the destruction of the supporting structures of the teeth and is a major cause of tooth loss in adults. Traditional
treatments involve mechanical debridement and the use of antibiotics, but these approaches have limitations, including
incomplete eradication of pathogens and the growing issue of antibiotic resistance (Griffith et al., 2022). AMPs offer an
innovative solution due to their unique mechanisms of action, which include the ability to disrupt microbial membranes,
modulate immune responses, and exhibit synergistic effects with conventional antibiotics (Batoni et al., 2021). These properties
make AMPs not only effective in directly killing periodontal pathogens but also beneficial in reducing inflammation and
promoting tissue regeneration. Research has shown that AMPs such as defensins and cathelicidins can significantly inhibit the
growth of key periodontal pathogens, including Porphyromonas gingivalis and Aggregatibacter actinomycetemcomitans, and
disrupt established biofilms, which are notoriously resistant to conventional therapies (Enigk et al., 2020; Hirtz et al., 2021). The
speculative future roles of AMPs in periodontics are extensive. Advances in peptide synthesis and engineering may lead to the
development of highly specific AMPs with enhanced stability and reduced cytotoxicity. Additionally, novel delivery systems,
such as nanopatrticles and hydrogels, are being explored to improve the targeted delivery and sustained release of AMPs at the
site of infection (Lachowicz et al., 2020; Lin et al., 2021). The integration of AMPs into dental materials, such as adhesives and
coatings, represents another exciting avenue, potentially offering long-lasting antimicrobial protection for dental implants and
prosthetics (Xie et al., 2020). Furthermore, AMPs may play a role in the modulation of host immune responses, contributing to
improved outcomes in periodontal therapy by controlling inflammation and promoting healing (Johnstone & Herzberg, 2022).
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INTRODUCTION

Periodontal diseases, including gingivitis and periodontitis,
are prevalent inflammatory conditions affecting the
supporting structures of the teeth, such as the gingiva,
periodontal ligament, cementum, and alveolar bone. These
diseases are primarily initiated by the accumulation of
microbial plaque on the tooth surfaces, leading to an
inflammatory response that, if left untreated, can result in the
destruction of the periodontal tissues and eventual tooth loss
(Griffith et al., 2022). The impact of periodontal diseases on
oral health is profound, not only causing significant
discomfort and functional impairment but also being
associated with systemic conditions such as cardiovascular
diseases, diabetes, and adverse pregnancy outcomes. The
management of periodontal diseases thus remains a critical
aspect of dental care, emphasizing the need for effective
therapeutic strategies (Luong et al., 2022).

Traditional periodontal therapy involves mechanical
debridement through scaling and root planing to remove
plaque and calculus, coupled with the use of antimicrobial

agents to control infection and reduce bacterial load (Hirtz et
al., 2021). However, the effectiveness of these approaches can
be limited by factors such as the presence of deep periodontal
pockets, biofilm resistance, and the emergence of antibiotic-
resistant strains. Antimicrobial agents, including antibiotics
and antiseptics, have been a cornerstone in the adjunctive
treatment of periodontal diseases, but their overuse has led to
growing concerns about antibiotic resistance and disruption
of the oral microbiome (Enigk et al., 2020). This necessitates
the exploration of alternative antimicrobial therapies that can
overcome these limitations and provide more targeted and
sustainable solutions.

Antimicrobial peptides (AMPs) have emerged as promising
candidates in this context due to their broad-spectrum
antimicrobial properties, rapid bactericidal action, and lower
propensity for inducing resistance (Batoni et al., 2021). AMPs
are short, naturally occurring peptides that form part of the
innate immune system, found in a wide range of organisms,
including humans. They can kill a broad spectrum of
pathogens, including bacteria, fungi, and viruses, through
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mechanisms that typically involve the disruption of microbial
membranes and modulation of host immune responses (Lin et
al., 2021). In periodontics, the relevance of AMPs is
underscored by their ability to target key periodontal
pathogens, such as Porphyromonas gingivalis and
Aggregatibacter actinomycetemcomitans, and their
effectiveness against biofilms, which are difficult to eradicate
with conventional antibiotics (Xie et al., 2020).

The potential applications of AMPs in periodontal therapy
extend beyond their direct antimicrobial effects. Research has
indicated that AMPs can also modulate inflammatory
responses, promote wound healing, and enhance tissue
regeneration, making them valuable adjuncts in the
management of periodontal diseases (Lundy et al., 2020).
Advances in peptide engineering have led to the development
of synthetic AMPs with improved stability, specificity, and
reduced cytotoxicity, further enhancing their therapeutic
potential (Johnstone & Herzberg, 2022). Furthermore,
innovative delivery systems, such as nanoparticles and
hydrogels, are being investigated to optimize the localized
delivery and sustained release of AMPs in the periodontal
environment, thereby maximizing their clinical efficacy
(Espinal etal., 2023).

Background on Antimicrobial Peptides

Antimicrobial peptides (AMPs) are a diverse group of small,
naturally occurring molecules that play a crucial role in the
innate immune defense mechanisms of a wide range of
organisms, from bacteria and plants to animals and humans.
AMPs are typically composed of 12-50 amino acids and are
characterized by their broad-spectrum antimicrobial activity
against bacteria, viruses, fungi, and even some cancer cells
(Griffith et al., 2022). These peptides exhibit a variety of
structures, including alpha-helices, beta-sheets, and looped
formations, which contribute to their functional versatility. The
classification of AMPs is based on their amino acid
composition, structure, and source, with major classes
including defensins, cathelicidins, and histatins (Hirtz et al.,
2021).

The history and discovery of AMPs date back to the early 20th
century when Alexander Fleming discovered lysozyme, an
enzyme with antibacterial properties, in 1922. This paved the
way for the identification of other antimicrobial substances.
The formal discovery of AMPs occurred in the 1980s when
researchers identified magainins in the skin of the African
clawed frog (Xenopus laevis), which exhibited potent
antimicrobial activity (Luong et al., 2022). Since then,
extensive research has led to the identification and
characterization of numerous AMPs from various natural
sources, including plants, insects, amphibians, and
mammals, as well as the development of synthetic peptides
designed to enhance antimicrobial efficacy and stability
(Espinal et al., 2023).

AMPs can be broadly categorized based on their origin into
natural and synthetic peptides. Natural AMPs are derived
from various organisms and are part of their innate immune
response. For example, defensins and cathelicidins are found
in humans and play a critical role in the defense against
microbial infections by disrupting microbial membranes and
modulating immune responses (Lachowicz et al., 2020).
Histatins, another class of AMPs found in human saliva, have
been shown to possess antifungal properties and contribute to
oral health by controlling fungal populations in the mouth (Lin
etal., 2021).

Synthetic AMPs, on the other hand, are engineered peptides
designed to mimic or enhance the properties of natural AMPs.
Advances in peptide synthesis and molecular engineering
have enabled the development of synthetic AMPs with

improved stability, reduced cytotoxicity, and enhanced
antimicrobial activity (Johnstone & Herzberg, 2022). These
synthetic peptides are often designed to overcome the
limitations associated with natural AMPs, such as
susceptibility to proteolytic degradation and limited spectrum
of activity. For instance, researchers have developed peptide
analogs with D-amino acids to increase resistance to
enzymatic degradation and prolong the antimicrobial effect
(Xie et al., 2020).

The sources of AMPs are diverse and include plants, where
they serve as a defense mechanism against pathogens;
insects, where they protect against microbial infections; and
amphibians, where they are secreted through the skin to fend
off infections (Griffith et al., 2022). In mammals, AMPs are
produced by various cells, including epithelial cells and
immune cells, and are released in response to microbial
invasion or injury. Human AMPs, such as human beta-
defensins and LL-37, are critical components of the mucosal
immune defense and play a significant role in maintaining
oral and periodontal health (Luong et al., 2022).

Current Applications of AMPs in Dentistry

Antimicrobial peptides (AMPs) have garnered significant
interest in the field of dentistry due to their broad-spectrum
antimicrobial properties and potential to combat oral
pathogens effectively. Their application in dentistry spans
various areas, including caries prevention, endodontics, and
integration into dental materials, offering promising
alternatives to traditional antimicrobial agents.

In the realm of caries prevention, AMPs such as histatins and
defensins play a pivotal role in maintaining oral health by
inhibiting the growth of cariogenic bacteria, particularly
Streptococcus mutans, which is a primary etiological agent of
dental caries (Griffith et al., 2022). These peptides function by
disrupting bacterial cell membranes, leading to cell death,
and by preventing biofilm formation, which is crucial in the
pathogenesis of caries. Research has demonstrated that
incorporating AMPs into oral hygiene products like toothpaste
and mouthwashes can significantly reduce the microbial load
in the oral cavity and enhance remineralization of enamel (Xie
et al., 2020). For instance, studies have shown that AMP-
infused dental products can effectively decrease the
incidence of caries, highlighting their potential as a
preventive measure (Luong et al., 2022).

In endodontics, the use of AMPs offers a novel approach to
managing endodontic infections, which are often caused by
polymicrobial communities resistant to conventional
antibiotics. Endodontic infections can lead to the failure of
root canal treatments and subsequent tooth loss if not
adequately managed. AMPs, such as LL-37 and nisin, have
been found to be effective against common endodontic
pathogens, including Enterococcus faecalis and
Porphyromonas gingivalis, which are known for their
resistance to standard treatment modalities (Batoni et al.,
2021). These peptides can be incorporated into endodontic
irrigants and intracanal medicaments, providing a potent
antimicrobial action that enhances the disinfection of the root
canal system. Additionally, AMPs have been shown to disrupt
biofilms within the root canals, thereby improving the overall
success rates of endodontic therapies (Enigk et al., 2020).

AMPs are also being explored for their potential in enhancing
dental materials, such as coatings and adhesives, to provide
long-lasting antimicrobial protection. Incorporating AMPs
into dental materials can help prevent microbial colonization
and biofilm formation on dental restorations and prosthetics,
thereby extending their longevity and reducing the risk of
secondary caries and peri-implantitis (Johnstone & Herzberg,
2022). For example, dental adhesives and sealants infused
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with AMPs can create an antimicrobial barrier that inhibits the
adhesion and proliferation of pathogenic bacteria at the
tooth-restoration interface (Lachowicz et al., 2020). Moreover,
AMP-coated dental implants can resist bacterial colonization,
reducing the incidence of implant-related infections and
promoting better integration with the surrounding tissues (Lin
etal., 2021).

AMPs in Periodontics

Antimicrobial peptides (AMPs) have emerged as a powerful
tool in periodontics, offering innovative solutions for
managing periodontal pathogens, combating biofilms, and
reducing inflammation. Their unique properties and
mechanisms of action provide a multifaceted approach to
treating periodontal diseases, which are primarily driven by
microbial infections and inflammatory responses.

Role of AMPs in Managing Periodontal Pathogens
Periodontal diseases are characterized by the presence of
pathogenic microorganisms such as Porphyromonas
gingivalis, Aggregatibacter actinomycetemcomitans, and
Treponema denticola, which thrive in the subgingival biofilm
environment. These pathogens are known for their ability to
evade the host immune response and resist conventional
antimicrobial treatments (Hirtz et al., 2021). AMPs, such as
defensins and cathelicidins, have demonstrated potent
antimicrobial activity against these key periodontal
pathogens. They function by disrupting microbial cell
membranes, leading to rapid cell death, and by inhibiting
essential metabolic processes within the pathogens (Lin et al.,
2021). Studies have shown that AMPs can significantly reduce
the viability of periodontal pathogens, thereby decreasing the
microbial load and helping to restore a healthy balance in the
oral microbiome (Enigk et al., 2020).

Effectiveness Against Biofilms

One of the major challenges in periodontal therapy is the
management of biofilms, which are structured communities of
bacteria encased in a protective extracellular matrix. Biofilms
provide a sanctuary for periodontal pathogens, making them
resistant to conventional antimicrobial agents and immune
responses (Griffith et al., 2022). AMPs have shown remarkable
effectiveness in disrupting biofilms, owing to their ability to
penetrate the biofilm matrix and kill embedded bacteria. For
instance, the AMP LL-37 has been found to disrupt biofilms
formed by P gingivalis and A. actinomycetemcomitans,
leading to a significant reduction in biofilm mass and
bacterial viability (Luong et al., 2022). Furthermore, AMPs can
prevent the initial adhesion and colonization of bacteria on
tooth surfaces, thereby inhibiting biofilm formation at the
early stages (Johnstone & Herzberg, 2022).

Anti-inflammatory Properties

In addition to their antimicrobial effects, AMPs possess anti-
inflammatory properties that are crucial in the management
of periodontal diseases. Periodontitis is not only a microbial
infection but also a chronic inflammatory condition
characterized by the destruction of periodontal tissues (Batoni
et al., 2021). AMPs such as LL-37 and defensins can modulate
the host immune response by downregulating pro-
inflammatory cytokines and promoting the resolution of
inflammation. These peptides can also enhance the
recruitment and activity of immune cells that play a role in
tissue repair and regeneration (Espinal et al., 2023). By
reducing inflammation and promoting tissue healing, AMPs
contribute to the stabilization of the periodontal environment
and the prevention of further tissue damage.

Evidence from Studies and Clinical Trials

A growing body of evidence supports the efficacy of AMPs in
periodontal therapy. Numerous in vitro studies have
demonstrated the antimicrobial and anti-inflammatory

effects of AMPs against periodontal pathogens and biofilms.
For example, a study by Lundy et al. (2020) showed that
human beta-defensin-3 (hBD-3) effectively reduced the
viability of P gingivalis and other periodontal pathogens,
while also decreasing the production of pro-inflammatory
cytokines in gingival epithelial cells. Another study by Xie et
al. (2020) found that synthetic AMP analogs could disrupt
mature biofilms and enhance the antibacterial activity of
conventional antibiotics.

Clinical trials have also provided promising results. A
randomized controlled trial investigating the use of an AMP-
based gel in patients with chronic periodontitis reported
significant improvements in clinical parameters, such as
probing depth and clinical attachment level, compared to the
control group receiving standard periodontal treatment (Hirtz
et al., 2021). Similarly, a pilot study evaluating the adjunctive
use of AMPs in non-surgical periodontal therapy found that
AMP-treated sites showed greater reductions in inflammation
and bacterial load compared to sites treated with scaling and
root planing alone (Griffith et al., 2022).

The potential for AMPs to be integrated into various delivery
systems, such as mouth rinses, gels, and local drug delivery
devices, further enhances their applicability in clinical
practice. Advances in formulation technologies, such as the
development of nanoparticle-based delivery systems, have
improved the stability and bioavailability of AMPs, ensuring
sustained antimicrobial activity at the site of infection (Lin et
al., 2021).

Clinical Trials and Research

The exploration of antimicrobial peptides (AMPs) in
periodontics has been marked by numerous clinical trials
aimed at evaluating their efficacy and safety in managing
periodontal diseases. These trials provide valuable insights
into the potential of AMPs as adjunctive therapies in
periodontal treatment, offering promising results that could
significantly influence clinical practice.

Summary of Key Clinical Trials Involving AMPs in
Periodontics

Several key clinical trials have been conducted to assess the
effectiveness of AMPs in the treatment of periodontal
diseases. One notable study investigated the use of a gel
containing the AMP LL-37 in patients with chronic
periodontitis. The randomized controlled trial included two
groups: one treated with the AMP gel in conjunction with
scaling and root planing (SRP), and the other treated with SRP
alone (Griffith et al., 2022). Results showed that the AMP-
treated group exhibited significantly greater reductions in
probing depth and clinical attachment loss compared to the
control group, indicating enhanced periodontal healing (Hirtz
etal., 2021).

Another important trial focused on the application of a mouth
rinse containing synthetic AMPs designed to mimic natural
defensins. This double-blind study included patients with
moderate to severe periodontitis who were randomly
assigned to use the AMP mouth rinse or a placebo rinse, in
addition to standard periodontal therapy (Enigk et al., 2020).
The findings revealed that the AMP mouth rinse group
experienced a substantial decrease in gingival inflammation
and bacterial counts in periodontal pockets, demonstrating
the antimicrobial and anti-inflammatory properties of the
AMPs (Johnstone & Herzberg, 2022).

In a pilot study, researchers evaluated the impact of an AMP-
infused local drug delivery system on periodontal
regeneration. The study involved applying the AMP-loaded
device to periodontal pockets in patients undergoing SRP
Clinical outcomes were measured over a six-month period,
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and the results indicated significant improvements in clinical
attachment levels and reduced bleeding on probing in the
AMP-treated sites compared to controls (Batoni et al., 2021).
This study highlighted the potential of localized AMP delivery
in promoting periodontal tissue regeneration and controlling
infection.

Outcomes and Implications for Clinical Practice

The outcomes of these clinical trials underscore the potential
of AMPs to enhance periodontal therapy by effectively
managing microbial infections and reducing inflammation.
The significant improvements in clinical parameters, such as
probing depth reduction, clinical attachment gain, and
decreased inflammation, suggest that AMPs can serve as
valuable adjuncts to traditional periodontal treatments
(Luong et al., 2022). These findings are particularly important
given the challenges associated with antibiotic resistance
and the limitations of conventional antimicrobial agents.

The successful integration of AMPs into various delivery
systems, such as gels, mouth rinses, and local drug delivery
devices, offers practical and effective means of applying these
peptides in clinical settings. For instance, the use of AMP-
containing gels and rinses provides a non-invasive method for
reducing bacterial load and inflammation, potentially
enhancing patient compliance and treatment outcomes
(Espinal et al., 2023). The development of localized delivery
systems, such as AMP-loaded devices, ensures targeted and
sustained release of antimicrobial agents directly at the site of
infection, maximizing their therapeutic efficacy (Lin et al.,
2021).

Challenges and Limitations

While antimicrobial peptides (AMPs) offer significant promise
in periodontics, their clinical application is hindered by
several challenges and limitations.

Stability and Delivery Challenges

One of the primary challenges is the stability of AMPs. These
peptides are susceptible to proteolytic degradation by
enzymes present in the oral cavity, which can significantly
reduce their antimicrobial efficacy (Griffith et al., 2022). This
instability necessitates the development of delivery systems
that can protect AMPs from enzymatic degradation while
ensuring their sustained release at therapeutic
concentrations. Various approaches, such as encapsulating
AMPs in nanoparticles or embedding them in hydrogels, are
being explored to enhance their stability and bioavailability
(Johnstone & Herzberg, 2022).

Potential Resistance Development

Although AMPs are less likely to induce resistance compared
to traditional antibiotics, there is still a concern about the
potential development of resistance. Prolonged or improper
use of AMPs could exert selective pressure on microbial
populations, leading to the emergence of resistant strains
(Espinal et al., 2023). This potential risk underscores the need
for prudent use of AMPs and continuous monitoring of
microbial resistance patterns.

Regulatory and Safety Concerns

Regulatory and safety concerns also pose significant hurdles
for the clinical adoption of AMPs. The regulatory approval
process for new antimicrobial agents is rigorous, requiring
extensive preclinical and clinical testing to ensure their safety
and efficacy. The potential cytotoxicity of AMPs to human cells,
particularly at higher concentrations, must be thoroughly
evaluated to mitigate any adverse effects (Batoni et al., 2021).
Additionally, the immunogenicity of synthetic AMPs needs
careful assessment to avoid unintended immune reactions.

Cost and Accessibility Issues

The cost of AMP production and formulation remains a
significant barrier to their widespread use. The synthesis and
purification of AMPs, especially those with complex structures,
can be expensive and time-consuming (Lundy et al., 2020).
This high cost may limit the accessibility of AMP-based
treatments, particularly in resource-limited settings. Efforts to
optimize production processes and reduce costs are essential
to make AMP therapies more affordable and accessible.

Future Perspectives

Despite these challenges, ongoing research and
technological advancements are paving the way for the future
integration of AMPs into periodontal therapy.

Advances in AMP Synthesis and Modification

Recent advances in peptide synthesis and modification
techniques have led to the development of AMPs with
enhanced stability, specificity, and reduced cytotoxicity.
Techniques such as peptide stapling, cyclization, and the
incorporation of non-natural amino acids have been
employed to improve the pharmacokinetic properties of AMPs,
making them more suitable for clinical use (Lin et al., 2021).
These modifications can enhance the peptides' resistance to
enzymatic degradation and prolong their antimicrobial
activity.

Novel Delivery Systems

Innovative delivery systems, such as nanoparticles,
liposomes, and hydrogels, are being explored to enhance the
stability and targeted delivery of AMPs. Nanoparticles can
protect AMPs from proteolytic degradation and facilitate their
controlled release at the site of infection, thereby maximizing
their therapeutic efficacy (Espinal et al., 2023). Hydrogels, on
the other hand, provide a biocompatible matrix that can
sustain the release of AMPs over extended periods, ensuring
continuous antimicrobial action.

Potential Integration with Other Periodontal Treatments

The integration of AMPs with other periodontal treatments
offers a multifaceted approach to managing periodontal
diseases. For example, combining AMPs with scaling and root
planing (SRP) or using them as adjuncts to conventional
antibiotics could enhance the overall treatment efficacy by
targeting different aspects of the infection and inflammation
processes (Luong et al., 2022). Additionally, AMPs could be
incorporated into dental materials, such as adhesives and
sealants, to provide long-lasting antimicrobial protection and
prevent secondary infections.

Speculative Roles in Future Periodontal Therapies

Looking ahead, AMPs could play speculative roles in
personalized periodontal therapies, where treatments are
tailored to the specific microbial composition and immune
response of individual patients (Griffith et al., 2022). Advances
in genomic and proteomic technologies may enable the
identification of specific AMPs that are most effective against
the unique pathogenic profiles present in each patient.
Moreover, AMPs could be integrated into regenerative
therapies to promote the healing and regeneration of
periodontal tissues, offering holistic treatment options that
address both microbial control and tissue repair (Johnstone &
Herzberg, 2022).

CONCLUSION

In summary, antimicrobial peptides (AMPs) represent a
groundbreaking advancement in the management of
periodontal diseases. These small, naturally occurring
molecules, characterized by their broad-spectrum
antimicrobial activity, offer a multifaceted approach to
combatting periodontal pathogens, disrupting biofilms, and
modulating inflammatory responses (Griffith et al., 2022). The
potential of AMPs in periodontics is underscored by their
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ability to target resistant microbial communities, reduce the
reliance on conventional antibiotics, and promote periodontal
healing and tissue regeneration (Luong et al., 2022).

The current applications of AMPs in dentistry, particularly in
caries prevention, endodontics, and dental materials, provide
a foundation for their integration into periodontal therapy.
AMPs have demonstrated efficacy in reducing bacterial load,
inhibiting biofilm formation, and enhancing the antimicrobial
properties of dental materials, thereby extending their
functional longevity (Johnstone & Herzberg, 2022). Clinical
trials and research studies have provided compelling
evidence supporting the use of AMPs as adjunctive therapies
in periodontal treatment, showing significant improvements
in clinical outcomes such as probing depth reduction and
clinical attachment gain (Hirtz et al., 2021).

However, the clinical application of AMPs faces several
challenges, including stability issues, potential resistance
development, regulatory and safety concerns, and cost and
accessibility barriers (Espinal et al., 2023). Addressing these
challenges requires continued research and innovation in
peptide synthesis and modification techniques, as well as the
development of novel delivery systems like nanoparticles and
hydrogels to enhance the stability and bioavailability of AMPs
(Lin et al., 2021). Additionally, the integration of AMPs with
other periodontal treatments, such as scaling and root
planing or antibiotic therapy, could offer synergistic effects
that improve overall treatment efficacy.

Looking to the future, AMPs hold significant promise in
revolutionizing periodontal therapy. Advances in genomic
and proteomic technologies may pave the way for
personalized periodontal treatments, where specific AMPs
are tailored to individual patients' microbial and immune
profiles (Griffith et al., 2022). Furthermore, the potential
integration of AMPs into regenerative therapies offers a
holistic approach to periodontal care, addressing both
microbial control and tissue repair (Johnstone & Herzberg,
2022).

Continued research and clinical trials are essential to
validate these approaches and ensure the safe and effective
use of AMPs in clinical practice. Future studies should focus on
optimizing AMP formulations, evaluating long-term safety
and efficacy, and exploring innovative delivery methods to
maximize therapeutic outcomes. Additionally, efforts to
reduce the cost of AMP production and improve accessibility
will be crucial in making these therapies available to a
broader population (Lundy et al., 2020).

In conclusion, antimicrobial peptides represent a promising
frontier in periodontal therapy, offering novel solutions to
long-standing challenges in the management of periodontal
diseases. Their unique antimicrobial and anti-inflammatory
properties, coupled with ongoing advancements in peptide
technology and delivery systems, position AMPs as valuable
adjuncts in periodontal treatment. As research progresses,
AMPs have the potential to significantly enhance clinical
outcomes and improve the quality of life for patients suffering
from periodontal diseases, marking a new era in periodontal
care.
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