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Abstract

Bioactive peptides have garnered increasing interest in recent years due to their potential
applications in the medical field, for example, as promising adjuvant therapeutic agents
to modulate the host immune response and counteract microbial dysbiosis in chronic
pathologies. Primarily derived from protein hydrolysates of food waste, these components
exhibit beneficial properties, such as anti-inflammatory, antimicrobial, antioxidant, and
antidiabetic effects. This narrative review focuses on bioactive peptides with antimicrobial
and anti-inflammatory properties, highlighting their mechanisms of action, sources, and
therapeutic potential in the context of chronic conditions, particularly periodontal disease,
especially when comorbidities are present (i.e., type 2 diabetes mellitus). The mechanisms
of action and sources, as well as preclinical and clinical studies evaluating bioactive peptides
efficacy, are discussed. Further research is warranted to establish their clinical viability and
integration into conventional therapeutic strategies.

Keywords: bioactive peptides; anti-inflammatory; antimicrobial; periodontitis; diabetes;
chronic diseases

1. Introduction
Chronic diseases, such as cancer, diabetes, and cardiovascular conditions, are particu-

larly challenging to manage due to their multifactorial etiology. As a result, nature-based
therapies have become a significant focus of research in recent years. Among these, natural
bioactive compounds, such as polyphenols and bioactive peptides (BPs), have increasingly
attracted scientific interest. Bioactive peptides are fragments of proteins with relevant
beneficial functions on human health and have a length ranging from 2 to 20 amino acid
residues [1–3]. These molecules are isolated from both animal and plant sources, such as
meat, eggs, milk, pulses, and cereals, but can also be obtained by food waste or novel foods,
i.e., insects (Figure 1) [4–6].
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Figure 1. Sources of bioactive peptides and their associated health benefits.

More than 50 bioactivities of these peptides are described on the BIOPEP database [7].
A range of beneficial biological effects, such as antimicrobial, anti-inflammatory, antioxi-
dant, antineoplastic, antihypertensive, antidiabetic, hypoglycemic, hypocholesterolemic, an-
tiplatelet, and anti-aging effects have been reported for these components (Figure 1) [2,6,8].

These biological activities are of considerable clinical interest, and their therapeutic
roles have been explored for various pathological conditions, including obesity [9], compli-
cations of periodontal diseases [10], and diabetes mellitus (DM) [11], in addition to their
application in anti-cancer immunotherapy against glioblastoma, SARS-CoV-2, Parkinson’s
disease [12], Alzheimer’s disease [13,14], and cardiovascular diseases [15,16].

Within this context, antimicrobial peptides (AMPs) offer a potential strategy for man-
aging periodontal diseases by neutralizing bacterial toxins and limiting microbial over-
growth [17]. AMPs are small bioactive peptides acting as antimicrobial agents, which
can be found in any organism, and, depending on their aminoacidic sequence and length,
AMPs work as essential components of innate immunity [18]. These molecules, compared
to antibiotics, have a lower tendency to develop resistant genes in pathogens when used as
food additives or for prophylactic approaches [18]. For this reason, they have been studied
as an interesting alternative to antibiotic administration.

Considering the inflammation of the gingival tissue that occurs in periodontitis, an-
other potential therapeutic approach involves anti-inflammatory peptides (AIPs), which
are molecules with immunomodulatory effects [19,20]. They play a role in cell differentia-
tion, in the stimulation of wound healing, in microbial clearance and angiogenesis, and
in preventing exacerbated immune responses, such as allergies and sepsis. Several AIPs
showed positive effects when administered as anti-inflammatory medication. Some of
them also have antioxidant properties, inhibiting reactive oxygen species (ROS), implicated
in many diseases [8].

This narrative review aims to explore the therapeutic potential of bioactive peptides
with antimicrobial and anti-inflammatory properties in the management of chronic diseases,
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particularly periodontal disease, and to assess their potential as supportive agents in
combination with traditional therapies.

2. Methodology: Inclusion and Exclusion Criteria
In this narrative review, we considered peer-reviewed articles published in English

between 2010 and 2025, while also including earlier seminal studies when they were
particularly relevant. Eligible works comprised in vitro, in vivo, and clinical studies which
investigated the antimicrobial and/or anti-inflammatory properties of bioactive peptides.
We included research focusing on their therapeutic potential in periodontal disease, as well
as in chronic conditions with relevance to periodontal pathogenesis, such as type 2 diabetes.
Both original studies and reviews discussing mechanisms of action, sources, and clinical or
preclinical evidence were analyzed.

Publications were excluded if they did not directly address bioactive peptides or
lacked a clear focus on their antimicrobial or anti-inflammatory effects. Studies dealing
exclusively with synthetic drugs, antibiotics, or non-peptide natural compounds (such as
polyphenols or terpenes) were not considered. Articles written in languages other than
English, as well as abstracts, conference proceedings, editorials, or commentaries without
primary research data, were also excluded. Duplicate works and studies with insufficient
methodological detail were omitted from the review.

3. Insights into Periodontal Disease: Diagnosis and Molecular Biomarkers
3.1. Diagnosis of Periodontal Diseases

Chronic local diseases, such as periodontal disease, are highly prevalent and signifi-
cantly impact on the quality of life for millions of individuals worldwide [21].

The periodontium encompasses the supporting structures of the teeth, including the
gingival and bone tissues, whose main function is to provide protection and stability.
Gingiva is a protective structure, while the supporting tissues include the periodontal
ligaments, cementum, and alveolar bone. When inflammation is confined to gingiva,
the condition is referred to as gingivitis. In contrast, damage affecting deeper supporting
tissues indicates progression to periodontitis [22,23]. Periodontitis is clinically manifested as
clinical attachment loss, which is calculated by assessing the probing depth of periodontal
pockets and the level of the gingiva. An increase in clinical attachment loss between
periodontal evaluations indicates disease activity. Additional clinical indicators of disease
activity include gingival bleeding and bleeding on probing (BOP), although their reliability
can be limited in certain populations [21]. In particular, their diagnostic reliability is
reduced in smokers, as tobacco-induced peripheral vasoconstriction may mask underlying
inflammation [24].

Gingivitis and periodontitis are considered host-mediated immunoinflammatory dis-
orders that occur in response to microbial dysbiosis of dental biofilm (Figure 2) [23,25].
The bacterial species primarily associated with the onset and progression of periodontitis
include Porphyromonas gingivalis, Tannerella forsythensis, Treponema denticola, Prevotella in-
termedia, and Aggregatibacter actinomycetemcomitans [26]. This process upregulates several
cytokines, mainly IL-1β (Interleukin-1-beta), IL-6, IL-17, IL-23, and TNF-α (Tumor Necrosis
Factor-alpha) levels, leading to deeper infiltration of pro-inflammatory cells in periodontal
tissues [26]. In other words, biofilm accumulation is usually necessary to trigger the patho-
logical process, but the intensity of the tissue’s response to the microbial factor is dictated
by the host’s immune system (Figure 2) [27].

If untreated, periodontal diseases lead to progressive destruction of both protective and
supporting dental tissues, ultimately resulting in tooth loss. Indeed, periodontal diseases
are the leading cause of tooth loss in the global adult population, affecting over 1 billion
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individuals in its severe form [28]. A meta-analysis estimated the overall prevalence of
periodontal diseases as 61.6% in 17 countries around the world [29].

 

Figure 2. Schematic representation of the biological interrelationship between PD and DM.

Periodontitis can be triggered by microorganism-derived dental biofilm and the conse-
quent host’s immune response, involving recruitment of immune cells (e.g., neutrophils,
lymphocytes, and macrophages), activation of lytic enzymes, such as matrix metallopro-
teinases (MMPs), and osteoclastogenesis via the RANK–RANKL–OPG axis (Figure 2) [30].
This signaling pathway plays a key role in bone metabolism, and it is regulated by the
receptor activator of NF-κB (RANK), its ligand RANKL, and osteoprotegerin (OPG), a
member of the TNF superfamily acting as a competitive inhibitor of RANKL and preventing
its interaction with RANK [31]. Consequently, OPG activity leads to a reduction in RANK-
mediated downstream effects, such as bone remodeling and osteoclast activation [30,31].
Periodontal disease can be further exacerbated in the presence of chronic comorbidities,
such as diabetes. Indeed, the RANK–RANKL–OPG axis is subject to modulation by various
hormones and cytokines, particularly TNF-α, which contributes to insulin resistance and a
pro-inflammatory state [30,31]. Specifically, TNF-α binds to its receptor (TNF-R), activating
two kinases, JNK and IKK, which in turn activate the transcription factors AP-1 and NF-κB
(through degradation of its inhibitor, IκB), respectively [30,32]. These transcription factors
translocate to the cell nucleus and induce the expression of pro-inflammatory cytokines,
such as interleukin-1 beta (IL-1β) and TNF-α, creating a positive feedback loop sustaining
inflammation. Moreover, insulin binds to the insulin receptor and activates IRS-1/2 (Insulin
Receptor Substrates 1 and 2). It should be noted that, in addition to their chronic nature,
a shared genetic architecture between periodontal disease and T2DM was demonstrated
by many single nucleotide polymorphisms (SNPs), predisposing T2DM-affected people to
periodontitis [33–35]. This connection was further supported by a comprehensive genome-
wide analysis involving thousands of European individuals, demonstrating a genetic link
between diseases and glycemic traits, influenced by biological pleiotropy. Pleiotropy, in this
context, refers to the existence of common pathogenic pathways across different diseases,
driven by shared genetic variants [36,37].
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Taken together, these diagnostic and etiological insights provide a framework for ex-
ploring targeted therapeutic interventions, particularly those involving bioactive peptides.

3.2. Endogenous Peptides Acting as Markers of Periodontitis Pathogenesis

Beyond clinical classification and diagnosis, a deeper understanding of the biological
mechanisms underlying periodontal disease is essential for developing targeted therapies.
Among these mechanisms, endogenous peptides have emerged as promising molecular
markers involved in both disease onset and progression.

Endogenous peptides play a unique and multifaceted role in the etiopathogenesis of
periodontal disease. These peptides may participate in both host-derived (endogenous) and
externally triggered (exogenous) mechanisms. They are implicated not only in initiating
the immune response that drives the onset and progression of periodontitis, but also in
modulating immunoinflammatory pathways linked to known risk factors for the disease
(although the specific pathways involved remain unclear). Their presence is typically assessed
in gingival crevicular fluid, saliva, or periodontal tissue samples. Several human bioactive
markers relevant to periodontal diseases have been identified, including neutrophil peptides
(HNP, alpha-defensins), beta-defensins (HBD), and LL-37 (cathelicidin) [38].

Saliva also represents a valuable, non-invasive source of bioactive antimicrobial pep-
tides for the diagnosis of periodontal diseases. This fluid has been studied as an interesting
and potential tool for the diagnosis of many diseases, with intraoral manifestations or not,
such as dental caries, periodontal diseases, oral and breast cancer, and hepatitis [39].

While endogenous peptides serve as valuable diagnostic indicators, they also play a
central role in guiding therapeutic strategies aimed at modulating immune responses and
promoting tissue regeneration. This dual role underscores the importance of integrating
biological insights into the design of effective periodontal therapies. For this purpose, the
following section reviews the main therapeutic approaches used in periodontal diseases
management, highlighting how such insights are being translated into practice.

3.3. Periodontal Therapy

Periodontal therapy can be broadly divided into nonsurgical (basic) and surgical
phases. Nonsurgical therapy involves controlling supragingival biofilm and performing
root scaling and planning (subgingival debridement) through multiple clinical sessions.
Oral hygiene instructions are consistently reinforced throughout treatment. Depending
on the treatment stage and the host’s response, adjunctive antibiotic therapy may be
prescribed to enhance clinical outcomes. However, in some cases, initial therapy fails
to achieve the desired results, particularly in reducing clinical attachment loss, making
surgical intervention necessary. In these situations, surgical approaches, such as open flap
debridement or the modified Widman flap, are employed to provide improved access to
areas with residual biofilm and/or granulation tissue [40,41].

While periodontal basic therapy (root scaling and planning) is indispensable for all
patients, including those with DM, numerous adjunctive therapies have been explored to
enhance the efficacy of periodontal treatment by modulating the host’s immune response.
A variety of studies have been conducted to assess the effects of different substances on
periodontal cells and tissues. These include laser and photodynamic therapies [42,43],
anti-inflammatory medications [44–46] ozone therapy [47–49], and natural agents, such as
curcumin [50,51] and platelet derivatives [52], among others.

These therapeutic strategies provide a foundation for considering novel biological
interventions, including the application of bioactive peptides, in managing periodontal
inflammation and regeneration.
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4. Bioactive Peptides in the Management of Chronic Diseases
4.1. Anti-Inflammatory Peptides (AIPs)

Inflammation is the body’s natural defense mechanism against infection or injury and
can occur in both acute and chronic forms. Chronic inflammation, however, is particularly
concerning as it is associated with a range of lifestyle-related diseases, including arthritis,
type 2 diabetes, cardiovascular diseases, and inflammatory bowel disease [53]. Long-term
reliance on medications to manage these conditions often leads to undesirable side effects,
raising concerns about their prolonged use. As a result, there is increasing interest in
food-derived AIPs as a potential alternative treatment [54].

The anti-inflammatory properties of bioactive peptides are primarily attributed to their
hydrophobic and cationic nature, as noted in several studies [55–57]. Many of these peptides
contain positively charged amino acids, such as arginine (Arg) and lysine (Lys), and often
feature hydrophobic amino acids at the N-terminal end and polar amino acids at the
C-terminal end. Specific amino acid sequences, including Val-His, Ile-Ala, Ile-Pro-Pro, Val-
Pro-Pro, Ile-Arg-Trp, Ile-Gln-Trp, Phe-Leu-Val, Leu-Asp-Ala-Val-Asn-Arg, Val-Pro-Tyr, and
Met-Met-Leu-Asp-Phe, have shown notable anti-inflammatory effects [55–57]. Moreover,
the presence of methionine and cysteine has shown a decrease in the inflammation status
in different trials [54].

These bioactive peptides exhibit anti-inflammatory effects by targeting critical path-
ways such as NF-κB (Nuclear Factor kappa-light-chain-enhancer of activated B cells) and
MAPK (Mitogen-Activated Protein Kinase), both of which play fundamental roles in
sustaining chronic inflammation [54,55,58]. For example, a peptide derived from casein,
containing the sequence Gln-Glu-Pro-Val, has been found to inhibit nitric oxide production,
while increasing the secretion of anti-inflammatory cytokines IL-4 and IL-10 [59]. Moreover,
some peptides derived from milk products have shown particular benefits in managing
inflammation status due to their antioxidative and anti-inflammatory properties, as con-
firmed by multiple studies [60,61]. This aspect was demonstrated to be correlated with the
activation of the pathway regulating redox homeostasis, which is modulated by Kelch-like
ECH-associated protein 1 (Keap1) and the Nuclear factor erythroid 2-related factor 2 (Nrf2),
and the action of the latter on Nrf2/ARE/HO-1 axis, which is involved in the inhibition
of NF-κB pathway [62]. The molecular mechanisms activated by bioactive peptides are
reported in Figure 3.

 

Figure 3. Schematic representation of the molecular mechanisms of bioactive peptides exhibiting
antioxidant and anti-inflammatory properties.
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Peptides from different sources, such as milk, sunflower, garlic, and meat, have
been revealed to be able to activate Keap1/Nrf2 axis, showing antioxidant properties
and at the same time anti-inflammatory abilities due to the consequent inhibition of the
pro-inflammatory pathway mediated by NF-κB, with a consequent decrease in cytokine
release [60,63–65].

4.2. Antimicrobial Peptides (AMPs)

In addition to their anti-inflammatory potential, bioactive peptides also exhibit potent
antimicrobial properties that are of growing interest, especially in the context of increasing
antibiotic resistance. For this purpose, this section explores antimicrobial peptides (AMPs),
highlighting their mechanisms of action and relevance in the management of microbial
infections. Indeed, given the alarming rise of resistance to antimicrobial agents, research
is increasingly focused on identifying new molecules with antimicrobial properties and a
lower likelihood of developing resistance. In this context, AMPs emerge as a promising
solution [66].

AMPs are bioactive peptides containing up to around 50 amino acid residues and are
found across a wide range of sources, representing a primary barrier against microbial
invasions [67]. These peptides include both hydrophobic and hydrophilic amino acids at
their N- and C-terminal, which are recognized as structural motifs allowing their interaction
with microbes [68]. AMPs have broad-spectrum antimicrobial activity, in addition to
plenty of other biological functions, such as enhancing animal growth, regulating animal
morphology and its microbiota, and optimizing animal disease resistance [69]. Their
significance lies in the fact that, unlike traditional antibiotics, microbial resistance to AMPs
develops much more slowly [70]. Their natural presence, dating back millions of years,
highlights their effectiveness in combating infections [71].

AMPs are distinguished by their structural and functional diversity, with the ability
to vary in sequence, structure, and mechanism of action on microbial targets [72]. These
peptides exert their antimicrobial activity by different mechanisms, including interference
with intracellular macromolecules, disruption of bacterial membrane, interaction with
microbial signaling pathways, and host microbiota modulation (Figure 4).

Figure 4. Schematic representation of targets for antimicrobial peptides.

Most AMPs are cationic and have amphipathic conformation, enabling their electro-
static interaction with the negatively charged regions on the bacterial membrane. Notably,
hydrophobic amino acid residues, such as valine, leucine, isoleucine, methionine, pheny-
lalanine, tyrosine, and tryptophan, can affect cell membrane permeability due to their
hydrophobic feature [18]. Indeed, these AMPs can be easily integrated into the lipid bilayer,
forming transmembrane pores damaging bacterial membrane integrity (Figure 4) [73].



Nutrients 2025, 17, 3105 8 of 18

It is worth noting that AMPs are also produced by Gram-positive and Gram-negative
bacteria via ribosomal synthesis to inhibit the growth of competing bacterial species. These
peptides are known as bacteriocins, and their study is of growing interest due to their
potential as therapeutic agents against antibiotic resistance [74]. Moreover, some bioac-
tive peptides with inhibitory activities during the production of extracellular polymeric
substances (EPS) were studied to prevent biofilm formation [75]. In particular, Luo et al.
(2021) described that AMPs can affect the quorum-sensing system, blocking the bacteria’s
mechanism of communication necessary for biofilm formation [76] (Figure 4). Furthermore,
peptides can downregulate the expression of binding protein transport for genes employed
in biofilm formation, and also interfere with the synthesis of enzymes necessary for biofilm
structure [76].

Some antimicrobial peptides (AMPs) induce cell lysis through electrostatic interactions
with the microbial membrane, disrupting membrane permeability and inhibiting protein,
RNA, and DNA synthesis. Moreover, some AMPs can penetrate the cell and interfere
directly with replication and transcription by targeting DNA or RNA (Figure 4) [77,78].

For instance, peptides derived from caseins, in particular α-1, have been shown to act
on many varieties of Gram-positive bacteria, including Staphylococcus aureus [79].

The majority of peptides (86%, Apr 2025) present in the Antimicrobial Peptide
Database (APD) are antibacterial [80]. A specific example of AMP activity comes from a
study by Segura-Campos et al. (2013), which demonstrated that the hydrolyzed peptide
from chia flour (Salvia hispanica L.) inhibited the growth of both Gram-negative bacteria
(such as Escherichia coli, Salmonella typhi, and Shigella flexneri) and Gram-positive bacteria
(such as Klebsiella pneumoniae, Staphylococcus aureus, Bacillus subtilis, and Streptococcus agalac-
tiae) [81]. Another key study conducted by Abadía-García et al. (2013) examined AMP
release in a food matrix, demonstrating that probiotic microorganisms added to ricotta
cheese under gastrointestinal-like conditions inhibited the foodborne pathogen Listeria
monocytogenes [82]. They observed that the population of L. monocytogenes was reduced
by a full logarithm at the end of the 20-day storage period [82]. Innovative methods are
currently applied for AMP detection, such as machine learning and a language-based deep
generative framework [83,84]. Despite their potential as an alternative to antibiotics, there
are challenges associated with the delivery and stability of antimicrobial peptides that have
to be assessed to finally propose them as drugs [85].

Taken together, the immunomodulatory and antimicrobial properties of these peptides
provide a compelling rationale for their application in complex diseases, such as periodon-
titis. In this context, both antimicrobial peptides and anti-inflammatory peptides have been
investigated as adjunctive treatments to support periodontal therapy.

4.3. AMP and AIP Peptides in Periodontal Diseases and DM

The interplay between microbial dysbiosis and host inflammatory response is central
to periodontal disease progression. Therefore, bioactive peptides targeting both processes
represent a novel therapeutic avenue. Some reviews address the potential and importance
of BPs, from various sources, in the general dental field [73,86–89].

Antimicrobial BPs can even be endogenously produced, appearing as important
markers of periodontal diseases. Their activity, such as in the case of defensins, is mainly
immunomodulatory [90]. However, in most cases, the host’s response is not enough to
control periodontitis inflammation, and conventional periodontal therapy is required to
control infection.

It is widely known that individuals with T2DM, particularly those with elevated
glycated hemoglobin levels, exhibit worsened and more severe periodontal disease, which
can be difficult to manage. Even after periodontal treatments, these patients may present
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sites with progressive clinical attachment loss [91]. In such cases, adjunctive therapies
could be beneficial by promoting antimicrobial activity against periodontopathogens and
reducing the exacerbated inflammatory response, without the need for systemic antibiotics
and their associated side effects [89].

This section explores the applications of AIPs and AMPs in preclinical and clinical
studies to improve outcomes in periodontal disease, particularly in patients with comorbid
conditions, such as diabetes.

4.3.1. In Vitro Studies on the Effects of BPs on Periodontal Diseases

Due to the infectious nature of periodontal diseases, adjunctive approaches helping to
handle the action of periodontopathogens have been widely studied in recent years [92–94].
Several in vitro studies have explored the potential of bioactive peptides in modulating
inflammation and in promoting the regeneration of periodontal cells. Mineo et al. (2021)
explored the in vitro (gingival cells) antioxidant and anti-inflammatory activity of protein
fractions from rice bran associated with the action of sulforaphane (SFN), a potent antioxi-
dant molecule, confirming the anti-inflammatory properties of rice-derived peptides [95].
They concluded that peptides from rice bran enhanced SFN-induced antioxidant responses
in epithelial cells from the gingiva by ERK-Nrf2-ARE signaling [95]. In another study,
Tamura et al. (2019) investigated the activity of peptides from rice endosperm on the gene
expression of molecules related to inflammation and osteoclastogenesis processes [96].
They found that peptides REP9 and REP11 from rice could reduce the transcription of
proinflammatory molecules, such as IL-6, Nlrp3, and TNF, and osteoclast differentiation
markers (Nfatc1, RANK). The peptide REP9 was also able to upregulate Bcl6 expression, a
marker connected to the suppression of osteoclast differentiation and function [96].

Synthetic peptides have also demonstrated promising effects. One study involving
synthetic ADP-5 (Amelogenin-derived peptide) enhanced proliferation, migration, and re-
generative marker expression in gingival fibroblasts, periodontal ligament cells, osteoblasts,
and cementoblasts, indicating that this peptide may support periodontal tissue regen-
eration and could be applied in biomaterial-based therapies for periodontal repair [97].
Another synthetic component, the peptide CH02, was reported to promote osteogenic dif-
ferentiation of human periodontal ligament cells by increasing the expression of osteogenic
markers, highlighting its potential as a bioactive agent for stimulating bone regeneration in
periodontal therapy [98].

4.3.2. In Vivo Studies on the Effects of BPs on Periodontal Diseases

Animal models have provided further evidence of the therapeutic potential of bioac-
tive peptides. Tamura et al. (2019), in the animal model section of their work, indicated that
peptides REP9 and REP11 from rice were able to inhibit bone loss, reducing TRAP-positive
osteoclasts of the alveolar bone perimeter in their histological analysis [96]. Another inter-
esting contribution to this field was proposed by Yuexiang Li et al. (2023), who investigated
a polypeptide composed of an anti-inflammatory peptide (C15) and an antimicrobial pep-
tide (LL37) in an animal model [99]. Their study revealed that the LL37-C15 polypeptide
structure can prevent the binding and the growth of pathogenic bacteria by inhibiting
the formation of biofilm, which causes oral dysbiosis, and decreasing factors leading to
periodontitis. The anti-inflammatory activity was explained by the modulation of the
production of pro- and anti-inflammatory cytokines. The tested animal model of periodon-
titis treated with LL37-C15 demonstrated promising therapeutic effects, suggesting that
polypeptides could represent a new promising therapeutic approach [99].
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Bomidin, a new recombinant antimicrobial peptide, was investigated for its effects on
the inflammation of periodontal ligament stem cells (PDLSCs) stimulated by TNF-α. The
study demonstrated that bomidin effectively suppressed inflammation by down-regulating
the MAPK and NF-κB signaling pathways. Additionally, bomidin inhibited ferroptosis
and activated the Keap1/Nrf2 pathway, suggesting its potential as a therapeutic agent
in periodontal tissue inflammation [100]. Another recent study evaluated the clinical
efficacy of CPNE7-DP in dogs with naturally occurring periodontitis. Topical application of
CPNE7-DP, in conjunction with nonsurgical periodontal treatments, resulted in significant
reductions in gingival inflammation, probing pocket depth, clinical attachment level, and
alveolar bone loss. These findings suggest that CPNE7-DP can be proposed as an effective
adjunctive therapeutic agent [101].

4.3.3. Clinical Trials on the Effects of BPs on Periodontal Diseases

Regarding the clinical application of AMPs, Zhang et al. (2024) recruited 86 periodon-
titis patients and divided them into two equal and randomized groups to test a biological
antibacterial polypeptide gel at the periodontium, together with periodontal basic ther-
apy [102]. Individuals who received the AMP gel inside their periodontal pockets showed a
significant decrease in the proinflammatory TNF-α and IL-6 levels in the gingival crevicular
fluid, and an important improvement in periodontal parameters. Moreover, the levels of
omentin-1, a cytokine with anti-inflammatory properties, were elevated in these groups
compared to the control, confirming the beneficial effect of this application [102].

A study by Xiang et al. [103] investigated the efficacy of AMPs as an adjunct to scaling
and root planning (SRP) in treating Stage III Grade B periodontitis. In this randomized
clinical trial, 51 patients were divided into groups: SRP alone, SRP with minocycline
hydrochloride (control), and SRP with AMPs (test). After 90 days, the AMP-treated group
exhibited a significantly greater reduction in periodontal probing depth and an increase in
clinical attachment compared to both SRP- and minocycline-treated groups, in addition
to a notable decrease in periodontal pathogens and an increase in beneficial subgingival
microbiota. Another study involving AMPs [104] evaluated the effectiveness of an oral
spray containing the antimicrobial peptide P-113 in reducing oral bacteria and dental
plaque formation. This trial involved 28 participants, who used either P-113-containing oral
spray or a placebo over a 4-week period. Results indicated a significant reduction in the
numbers of Streptococcus and Porphyromonas species in the experimental group, along with
decreased dental plaque weight, dental plaque index, and gingival index. Additionally,
91.8% of participants reported satisfaction with the use of the proposed product. In a
study involving another potential approach, which is now applied in periodontal surgeries,
Jalali et al. investigated the effect of BPs purified from the algae Spirulina platensis on
wound healing after periodontal flap surgery [105]. This study included 20 patients with
periodontitis, who received either a gel containing Spirulina peptides or a placebo. The
peptide-treated group exhibited significant reduction in plaque and bleeding indices at 4
and 8 weeks postoperatively, decreased gingival redness during the first week, and reduced
pain, indicating improved healing and reduced inflammation. Additionally, no adverse
effects or allergic reactions were observed, suggesting that the Spirulina peptide gel is safe
and well-tolerated.

4.3.4. Effects of Bioactive Peptides on Risk Factors for Periodontal Diseases

Other food-derived peptides may help the treatment of periodontal disease in patients
affected by concomitant T2DM. As an example, dipeptidyl peptidase IV (DPP-IV) and α-
glucosidase are enzymes with relevance to the pathogenesis of T2DM, and their inhibition
could be a strategy to manage the condition. There are a variety of peptides with this activ-
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ity, such as glipzide XL, glyburide, and glimepiride [106]. DPP-IV is a serine exopeptidase
expressed on the surface of many cells, like transmembrane glycoprotein, or in soluble
form in some body fluids, i.e., blood plasma. This enzyme cleaves X-proline or X-alanine
dipeptides from the N-terminus of polypeptides, and is present in different human organs,
such as the intestine, lungs, and kidneys [15]. It has been shown that some milk-derived
peptides have a positive influence on the control of T2DM in several ways: decreasing ap-
petite, regulating plasma glucose levels, and inhibiting glucose synthesis [106]. Drummond
et al. (2018) and Li et al. (2023) demonstrated that different milk-derived bioactive peptides
can act on glycemic management, modulating glucose uptake and metabolism [107,108].
Moreover, Santos-Hernandez et al. (2023) showed that milk- and egg-derived peptides
enhanced the release of cholecystokinin (CCK) and glucagon-like peptide-1 (GLP-1), gas-
trointestinal hormones regulating satiety signaling in enteroendocrine cells [109]. On the
other hand, specific signaling pathways can also be involved in the regulation of antidia-
betic activity. For example, according to De Campos Zani et al. (2022) the tripeptide IRW
(isoleucine–arginine–tryptophan) improved glucose tolerance and insulin responsiveness
by activating the Insulin/AKT/GLUT4 signaling cascade in skeletal muscle [110]. The
same effects were observed by Sharkey et al. (2020) using fish protein hydrolysate-derived
bioactive peptides [111]. Several reviews have addressed this topic, describing the activity
of bioactive peptides derived from vegetal products, such as legumes [112], amaranth,
quinoa [113], and soybean [114], in both endogenous and exogenous pathways (Table 1).

Table 1. Key bioactive peptides discussed in this review, their sources, and potential therapeutic
effects on periodontal diseases.

Bioactive Peptide Source Potential Therapeutic Effect on
Periodontal Diseases/T2DM Ref.

K-8-K, S-10-S Milk Antioxidant and anti-inflammatory [60]

SPI (sunflower
protein isolate) Sunflower Anti-inflammatory [63]

Garlic bioactive proteins Garlic Anti-inflammatory [64]

Chia hydrolysates Chia Antimicrobial activity [81]

REP9, REP11 Rice Anti-inflammatory and inhibition
of osteoclastogenesis [95,96]

LL37-C15 Endogenous
(human catelicidin) Anti-inflammatory [99]

Milk-derived hydrolysates Milk (casein hydrolysates
and rubing cheese)

Antidiabetic–glycemic
management [106–108]

Thus, by integrating both antimicrobial and anti-inflammatory actions, bioactive
peptides offer a multifaceted approach to disease management, with particular relevance
to chronic inflammatory disorders, such as periodontal disease, even under comorbidities.

Overall, these findings underscore the therapeutic versatility of bioactive peptides
and their potential to serve as adjuncts in the treatment of complex, inflammation-driven
diseases, such as periodontitis (Figure 5), especially in patients with comorbidities (type
2 diabetes mellitus). Further research is needed to translate these molecular insights into
clinically viable interventions encompassing a large number of subjects.
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Figure 5. Impact of bioactive peptides in the treatment of periodontitis and human health.

5. Future Directions for Bioactive Peptides in the Management of
Periodontal Disease and DM

Despite the accumulation of evidence, research on bioactive peptides (BPs) in the
context of periodontal diseases and diabetes mellitus (DM) remains in its early stages.
Mechanical biofilm removal through periodontal basic therapy continues to represent the
cornerstone of care and is still irreplaceable [115–117]. Nonetheless, BPs exhibit antimicro-
bial, anti-inflammatory, and metabolic properties, making them attractive as adjunctive
therapeutic agents, particularly in patients with comorbidities, such as type 2 DM. Current
barriers to clinical translation include limited stability, suboptimal systemic absorption,
heterogeneity in reported outcomes, insufficient data on dose–response relationships, long-
term safety, and cost-effectiveness. Additional concerns are related to potential toxicity,
drug interactions, and to the absence of standardized delivery systems capable of ensuring
peptide stability and targeted bioavailability.

Future research should adopt a systematic trajectory, progressing from in vitro charac-
terization to in vivo validation and, ultimately, to large-scale applications and rigorously
designed clinical trials assessing both periodontal and systemic endpoints, including
glycemic control. The elucidation of the molecular mechanisms by which BPs modulate
host immunity and microbial dysbiosis will be critical for establishing mechanistic plausi-
bility. Parallel efforts should focus on the overcoming of pharmacokinetic limitations using
innovative delivery approaches, such as hydrogels, nanoparticles, and mucoadhesive for-
mulations [118]. Moreover, the evaluation of synergistic effects with established modalities,
such as scaling and root planning, antibiotics, and antidiabetic therapies, may enhance
therapeutic efficacy in complex clinical scenarios.

The integration of precision medicine strategies incorporating genetic susceptibility,
microbiome profiles, and systemic conditions could further refine patient stratification
and optimize outcomes. Finally, attention to regulatory frameworks and scalable biotech-
nological production will be indispensable to facilitate clinical translation. Collectively,
addressing these research priorities will be essential to establish BPs as credible, innova-
tive, and sustainable therapeutic tools for the management of periodontal disease and its
systemic associations, with the potential to significantly improve patient prognosis and
quality of life.

6. Conclusions
Bioactive peptides endowed with antimicrobial and anti-inflammatory properties

represent a promising adjunctive strategy for managing periodontal disease, particularly
in the presence of comorbidities such as T2DM. Their dual ability, the modulation of host
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immune responses and the contrast of microbial dysbiosis, highlights their potential to
improve clinical outcomes. It is important to emphasize that their role should be considered
as adjunctive therapy in addition to mechanical biofilm removal. However, further research
is needed to clarify mechanisms of action, to assess safety, and to optimize delivery systems.
Despite these challenges, bioactive peptides offer an innovative avenue for future therapies
in complex, inflammation-driven diseases.
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