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Abstract Introduction: Periodontitis is one of the most prevalent diseases occurring worldwide,

and is caused by an imbalance of host immunological defenses and microbiome profile which occurs

in the oral cavity. This imbalance leads to irregularity and uncontrolled activities of immune cells,

resulting in over-reactivity of periodontopathogens and tissue destruction. To alleviate periodonti-

tis, exact targeting of specific events involving particular cells could be a potential application of

immunomodulatory agents. Phytochemical drug development targeting specific immunopathogen-

esis events could be a promising complementary, alternative approach to periodontal therapy.

Objectives: This review aimed to explore various events involving a variety of cells in the

immunopathogenesis of periodontitis in order to determine potential specific immunomodulation

targets for future development of effective phytochemical drugs.

Results: Immunopathogenesis of periodontitis contributes significantly to the disease onset and

resolution. Various events occur during the disease development, which involve a variety of immune

cells and mediators. Among these, neutrophils, cytokines and lymphocytes, especially Th17 cells,

were reported to be the most relevant components in the disease pathogenesis. These components

affect the initial responses to periodontopathogens, inhibit oxidative stress formation, control inter-
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cellular communication to enhance inflammation, and promote effector cells’ migration to induce

alveolar bone resorption. Several phytochemical drugs were developed to cure periodontitis, how-

ever, the development of phytochemical immunomodulatory drugs to target specific events has not

been realized.

Conclusion: This review concluded that development of phytochemical immunomodulatory

drugs to target particular events generated by neutrophils, pro-inflammatory cytokines and lympho-

cytes has tremendous potential to regulate and modulate the immunopathogenesis of periodontitis.

� 2023 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 921
2. Immunopathogenesis of periodontitis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 921

3. Immunomodulation of periodontitis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 923
3.1. Immunomodulation of neutrophils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 923
3.2. Immunomodulation of lymphocytes and cytokines. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 924
3.3. Immunomodulation of Th17 cells. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 925

4. Current and future applications of phytochemical research in periodontitis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 925
5. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 926

Authors contribution. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 926

CRediT authorship contribution statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 926
Declaration of Competing Interest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 926
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 926
1. Introduction

Bacterial accumulation in oral biofilms, causes chronic inflam-

mation of periodontal tissue and ultimately tissue breakdown,
is the cause of periodontitis. Periodontitis is characterized by
gingival inflammation, which progresses to periodontal pocket

formation, alveolar bone destruction and ultimately tooth
mobility (Huang and Gibson, 2014; Listl et al., 2015). Most
people have mild periodontitis or gingivitis, and about 47%

of those cases progress to more severe forms, with around
8.9% reaching advanced stage (Listl et al., 2015; Zidar et al.,
2021). Worldwide, 11% of people have severe periodontitis,

making it the sixth most common disease.
Several factors contribute to the pathogenesis of periodon-

titis, which is primarily caused by dysbiosis and pathogenic
transformation caused by altered polymicrobial interactions

(Könönen et al., 2019; Sell et al., 2017). Porphyromonas gingi-
valis, Treponema denticola, and Tannerella forsythia were
among red complex bacteria involved in this interaction, but

interactions with Aggregatibacter actinomycetemcomitans and
Fusobacterium nucleatum were also noted (Hema et al.,
2018). Polymicrobial interactions that trigger periodontitis

involve around 700 species (Gao et al., 2020). However, regu-
lation failures and uncontrolled immune response to biofilms
are what ultimately lead to the destruction of periodontal tis-
sue (Huang and Gibson, 2014).

P. gingivalis dampens immune response, thereby prevent-
ing effective bactericidal activity (González et al., 2018;
Hajishengallis, 2015; Makkawi et al., 2017). Bacteria thrive

in settings where there is chronic hyperinflammation and
failure to eradicate infections results in tissue breakdown
and inflammation (González et al., 2018; Zidar et al.,
2021). This bacterial proliferation further aggravates host’s

inflammatory responses to become increasingly ineffective,
unregulated, and destructive (Makkawi et al., 2017; Sell
et al., 2017; Yang et al., 2021). Disease progression is influ-

enced by immune cells, cytokines, chemokines, and media-
tors. Main components of periodontitis pathogenesis
involve neutrophils, macrophages, T and B lymphocytes,
also cytokines (Yang et al., 2021).

Plants contain phytoconstituents that could be applied as
bioactive agents to alleviate periodontal diseases (Kerdar
et al., 2019; Vo et al., 2020). They interact as ligands to specific

cells or cytokines to modulate immune responses (Yende et al.,
2021). Development of immunomodulatory agents targeting
precise processes would be a promising adjuvant and alterna-

tive therapy for periodontitis and its inflammation. This review
aimed to identify potential targets in the immunopathogenesis
of periodontal disease that could be effective targets to be

modulated by immunomodulatory phytochemicals to relieve
destructive immune responses.

2. Immunopathogenesis of periodontitis

Periodontitis is caused by complicated interplays between
immune system and periodontopathogens that is affected
by genetic, systemic, and environmental variables (Fig. 1).

A key risk factor for periodontitis is the presence of biofilms,
but if inflammatory response to this threat is efficient, the
disease cannot develop. As depicted in Fig. 2, periodontal

tissue deterioration and persistent inflammation result from
unregulated inflammation (Gao et al., 2020; González

http://creativecommons.org/licenses/by-nc-nd/4.0/


Fig. 1 Interaction of etiology and risk factors involved in periodontal disease. Periodontitis occurs because imbalance between virulence

factors of periodontopathogen bacteria and host immune response towards it. Various risk factors could affect this interaction, such as

genetic factors and overall systemic health of the patient, and also various environmental factors occurs in the oral cavity, such as oral

hygiene.

Fig. 2 Immunopathogenesis of periodontitis involves diverse cells and events leading to periodontal breakdown. Periodontitis is triggered by

biofilm deposit in the oral cavity, especially inside the gingival sulcus. These bacteria could induce initial response by various cells,

especially neutrophils and resident macrophages to eliminate the bacteria. These cells then triggers various inflammatory mediators

production, especially pro-inflammatory cytokines and mediators. These could further lead to activation of effector cells and osteoclast

maturation to initiate and maintain osteoclastic activities in order to break the periodontal tissue down.
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et al., 2018; Hajishengallis, 2015; Hema et al., 2018;
Könönen et al., 2019).

Innate immune system recognizes microorganisms and their

by-products via pattern recognition receptors (PRRs). PRRs
are found on inflammatory and periodontal cells, including
epithelial cells, fibroblasts, dendritic cells (DCs), and osteo-

blasts. PRRs identify bacterial pattern-associated molecular
patterns (PAMPs), including CpG DNA, lipopolysaccharides
and peptidoglycans (Song et al., 2017; Wallet et al., 2018).

Chronic periodontitis displayed considerably higher levels of
Toll-like receptors (TLRs), such as TLR2 and TLR4, than
controls (Makkawi et al., 2017). Campylobacter rectus, Por-
phyromonas gingivalis, Actinobacillus actinomycetemcomitans,

Fusobacterium nucleatum, Prevotella intermedia and Bac-
teroides forsythus are also capable of releasing highly immuno-
genic GroEl or HSP60 homologues (Yamazaki et al., 2002).

Additionally, periodontal tissues contain cells that secrete
damage-associated molecular patterns (DAMPs), including
S100, HMGB, and neutrophil extracellular traps (NET), which

cause immune responses (Zhu et al., 2022).
Neutrophils are recruited via junctional epithelium (JE) in

response to chemotaxis signals. Lysozyme and collagenase-

containing granules in neutrophils are employed to destroy
pathogens. Additionally, neutrophils create reactive oxygen
species (ROS), bactericidal proteins, and accomplish phagocy-
tosis (Sell et al., 2017). However, hyperactive neutrophils make

these processes potentially tissue-damaging (Hajishengallis,
2020). Macrophages also create significant amounts of cytoki-
nes and chemokines, such as tumor necrosis factor (TNF) and

interleukins (ILs) including IL-1, IL-10, and IL-8. Both macro-
phages and neutrophils secrete chemokines, which draw cells
to the site of injury. Additionally, macrophages could develop

into osteoclasts to destruct bone (Huang and Gibson, 2014;
Ono et al., 2020; Pan et al., 2019).

DCs act as antigen-presenting cells (APCs) to present

PAMPs to immature T cells. In response to antigen, T helper
(Th) cells such as Th1, Th2, Th17, follicular helper (Tfh),
and regulatory T (Tregs) cells clonally develop and multiply
(Sell et al., 2017). Patients with periodontitis have up to 9x

increased levels of IL-17 produced by Th-17 in their gingival
crevicular fluid (GCF), alveolar bone, and gingiva. Osteo-
blasts, epithelial, endothelium, fibroblasts, chondrocytes, ker-

atinocytes, and macrophages all have IL-17 receptors, and
Th17 cells typically gather on oral mucosal tissues. These cells
produce antimicrobial peptides and recruit neutrophils to pro-

tect periodontal tissue, leading to becoming overly activated
and causing neutrophils migration which cause tissue injury.
Additionally, IL-17 and IL-1 collaboratively trigger CCL-20,
which further enhances Th17 and IL-17 (Bunte and Beikler,

2019; Huang et al., 2021; Sell et al., 2017).
Receptor activator of nuclear factor kappa-B ligand

(RANKLs) are controlled by inflammation (Sell et al., 2017).

Monocytes are induced by RANKL to differentiate into osteo-
clasts. Both osteoclasts and osteoclast precursors possess nuclear
factor kappa-B ligand receptor (RANK). RANK-RANKL

binding causes osteoclasts activation and bone resorption.
Osteoprogreterin (OPG), its antagonist, reduces RANKL activ-
ity by competitively inhibit RANK-RANKL binding (Ono et al.,

2020). Persistence of pro-inflammatory effector cells induces tis-
sue injury and bone resorption through adaptive and innate
immune systems’ cellular and molecular components (Quach
et al., 2022; Sell et al., 2017; Yang et al., 2021).
3. Immunomodulation of periodontitis

Balance between pro-inflammatory and anti-inflammatory
responses is needed for homeostasis, inflammation resolution,

control of osteolysis and promotion of bone deposition
(Issaranggun Na Ayuthaya et al., 2018; Quach et al., 2022;
Vo et al., 2020; Yang et al., 2021). Immunomodulation in peri-

odontitis can be targeted at specific crucial events in the patho-
genesis. In case of innate or adaptive immune responses,
neutrophils, macrophages, monocytes, and T lymphocytes
are among the diverse cells that might be targeted in

immunomodulation (Table 1) (Huang and Gibson, 2014;
Könönen et al., 2019; Pan et al., 2019; Quach et al., 2022;
Sell et al., 2017; Zidar et al., 2021).

3.1. Immunomodulation of neutrophils

Neutrophils are the tissue’s initial line of defense against infec-

tions, therefore maintaining their balance is crucial. Periodon-
titis is generally characterized by significant neutrophil
infiltration with dysfunctional phagocytosis that influence

other immune cells (Hajishengallis, 2020; Quach et al., 2022).
This makes neutrophils potential target to control inflamma-
tory responses.

Neutrophil recruitment, migration, and infiltration are

accelerated in patients with periodontitis, while phagocytic
activity is significantly diminished (Hajishengallis, 2020;
Metzemaekers et al., 2020; Sell et al., 2017; Yang et al.,

2021). This is caused by an increase in several mediators,
including ROS, GM-CSF, miRNA, NLRP12, and inflamma-
somes. TNF-a, IL-8, neutrophil elastase, histidine decarboxy-

lase, eosinophil cationic protein and histamine are examples of
pro-inflammatory mediators whose synthesis increases while
IL-10, an anti-inflammatory mediator, is reduced. Periodon-

topathogens and its by-products such as leukotoxins have
impacts on these alterations (Quach et al., 2022; Scott and
Krauss, 2012; Sell et al., 2017; Yang et al., 2021).

ROS overproduction is one of primary damaging actions of

neutrophils in periodontitis. PAMPs overstimulation in neu-
trophils results in production of O2 by NADPH oxidase that
enters phagosomes and extracellular matrix, where it is trans-

formed to radical and non-radical derivatives such as OH,
HOCl, H2O2 and 1O2 (Scott and Krauss, 2012; Wang et al.,
2017; Yang et al., 2021). ROS directly harm tissues by forming

metabolites from lipid peroxidase, causing DNA damage and
protein degradation (Scott and Krauss, 2012; Wang et al.,
2017).

ROS-induced oxidative stress harms cells and molecules at

molecular level. ROS also activates matrix metalloproteinases
(MMPs), which are crucial in extracellular matrix breakdown.
Primary proteases involved in pathophysiology and destruc-

tion of periodontium are MMP-2, MMP-8, MMP-9, and
MMP-13 (Scott and Krauss, 2012). Active MMPs trigger sig-
naling molecules such as growth factors, transcription factors,

cytokines, and chemokines, leading to accelerated osteoclasto-
genesis (Könönen et al., 2019). Nrf2, which is involved in
antioxidant genes and detoxifying enzymes transcription, is

likewise inhibited by ROS in neutrophils (Liao et al., 2021).
Neutrophils’s roles in periodontitis make neutrophils an

important potential immunomodulatory target. Oxidative
stress occurs when antioxidants cannot neutralize increased



Table 1 Summary of immunomodulatory target in periodontitis immunopathogenesis.

Target cells or

biomolecules

Events modulated Immunomodulating therapy References

Neutrophils Immune cells chemotaxis and phagocytosis

initiation

Oxidative stress and MMPs control

Polyphenols, resveratrol, quercetin,

NAC, ascorbic acid

(Hajishengallis, 2020; Scott and

Krauss, 2012; Yang et al., 2021)

Cytokines Initial response against pathogens

Immune cells signalling, chemotaxis,

activity, proliferation and differentiation

Inflammation

Osteoclast maturation

b-carotene, benzydamine, trans-

cinnamic aldehyde, calcitonin gene-

related peptide

(Chung et al., 2018; Pan et al., 2019;

Ramadan et al., 2020; Son et al.,

2020; Yang et al., 2021; Zague et al.,

2018; Zhou et al., 2018)

T cells Adaptive immunity

Cytokines and RANKL production

Inflammatory status

Immune cells regulation and activation

Tissue protective and destructive cellular

and molecular balance

Curcumin, calcitriol, Astragalus

membranaceus, vitamin D

(Bi et al., 2020, 2019; Figueredo et al.,

2019; Meghil et al., 2019; Okui et al.,

2014; Yang et al., 2021; Zhang and

Deng, 2019)

B cells Humoral immune response and pathogens-

specific antibody production

Autoantibodies production to collagen,

fibronectin and laminin

RANKL production

Bacterial clearance

Cytokines production

PDLSCs (Demoersman et al., 2018; Figueredo

et al., 2019; Kawai et al., 2006; Liu

et al., 2013)

Dendritic cells Antigen presentation

Inflammation regulation

Cytokines release and innate immunity

alteration

Th1, Th2, Th17, Treg and B cells regulation

Source of osteoclast precursors

PRMT5 inhibitor, systemic antibody (Mi et al., 2021; Rajendran et al.,

2019; Song et al., 2018; Wilensky

et al., 2014)

Macrophages Antigen presentation

Phagocytosis

Inflammatory cytokines, chemokines and

mediator release

Phenotypes polarization balance

Osteoclastic differentiation

Resveratrol, proanthocyanidins,

metformin

(Sell et al., 2017; Yang et al., 2021)

Abbreviations: MMPs = matrix metalloproteinases; NAC = N-acetylcysteine; RANKL = receptor activator of nuclear factor kappa-Β
ligand; PDLSCs = periodontal ligament stem cells; Th1 = T helper 1 cells; Th2 = T helper 2 cells; Th17 = T helper 17 cells; Treg = T

regulatory cells; PRMT5 = protein arginine methyltransferase 5.
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ROS production (Wang et al., 2017). Antioxidants, such as
superoxide dismutase (SOD) and catalase (CAT), decrease

along with increased periodontal pockets in patient’s saliva
(Vo et al., 2020). Gingival activity of SOD, CAT, and GPx
was increased in periodontitis patients who smoked. More-

over, healthy patients had significant levels of these antioxi-
dants in their saliva and plasma (Hajishengallis, 2020; Wang
et al., 2017). This difference shows tremendous potential of

antioxidant therapy to immunomodulate neutrophil response
to pathogens.

Polyphenols, ascorbic acid and resveratrol are antioxidant
agents that protect tissues from deterioration and damage by

ameliorating inflammation and oxidative stress. These agents
activate Nrf/ARE to inhibit nuclear factor kappa B (NF-kB)
and further activate Bcl-2, thus reducing transcription of

inflammatory cytokines and apoptotic signals (Liao et al.,
2021; Vo et al., 2020; Yang et al., 2021). Immunomodulation
could also be done directly by inhibiting neutrophil production

by increasing developmental endothelial locus-1 (DEL-1) and
pentraxin-3 (PTX3). DEL-1 can interact with integrins vb2
and vb3 to inhibit neutrophil migration. The same mechanism
is also carried out by PTX3 which binds to P-selectin for neu-

trophil recruitment regulation (Yang et al., 2021).
3.2. Immunomodulation of lymphocytes and cytokines

Periodontitis patient generally have pocket epithelium with
accumulation of T cells and macrophages, and lamina propria
rich in plasma cells and B cells (Figueredo et al., 2019). The

gingiva show a lower CD4+/CD8 + ratio than in the blood,
although several components of both subsets were significantly
increased (Kayar et al., 2020; Quach et al., 2022). However,

dominance of CD4+ over CD8+ in gingiva of periodontitis
patients was also reported (Figueredo et al., 2019). This finding
suggests involvement of humoral and cellular also cytotoxic

responses of lymphocytes in periodontitis
immunopathogenesis.

There are conflicting and diverse hypotheses about actual

mechanisms and functions of T and B lymphocytes in peri-
odontitis. Periodontitis is primarily characterized by B cells,
while gingivitis is more frequently associated with an increase
in T cells, indicating that progressing lesions are Th2-

mediated while chronic and stable lesions are Th1-mediated
(Quach et al., 2022). APCs release Th1-specific cytokine IL-
12 to promote Th1 differentiation by activating STAT4 and

T-bet and to create IFN-c for the pathogens’ eradication
(Sell et al., 2017). Although Th1 cytokine responses contribute
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to inflammation, they also offer protection against tissue dam-
age. Levels of IL-12 in gingival crevicular fluid (GCF) of
patients with chronic periodontitis were similar to normal indi-

viduals. Moreover, an increase in pocket depth was found to
had no association with IFN-c and IL-12. Accordingly, Th1
response, mediated by cytokines IFN-c and IL-12, promotes

P. gingivalis control and elimination, reduces bone resorption,
and protects against periodontal progression (Issaranggun Na
Ayuthaya et al., 2018).

Th2 responses are primarily regulated by IL-4, which is
generated by CD4+ and B cells, and stimulates STAT6 and
GATA3 to regulate B cell growth. IL-5, IL-4 and IL-13 are fre-
quently released by activated Th2 cells to mediate humoral

responses (Sell et al., 2017). IL-4 cytokines are decreased in
chronic periodontitis and become raised post-therapy
(Behfarnia et al., 2010; Pan et al., 2019). Nevertheless, Th2

cells stimulate inflammatory response of B cells and broad
infiltration of plasma cells and B cells, which are common in
severely developing periodontitis (Quach et al., 2022). It is

believed that precise targeting of regulating the pathogenesis
of periodontitis and determining disease development involve
immunomodulation of the harmony between Th1/Th2 cells.

Activation of Th1, Th2, and Th17 produces aggravating
cytokines including IL-1, IL-25, and IL-17, which also acti-
vates DCs, neutrophils, and B cells (Sell et al., 2017). Bone
resorption results from increased RANKL production caused

by T and B cell activation (Ono et al., 2020; Sell et al.,
2017). Tfh cell activation of B cells result in antibodies against
pathogens, but also form autoantibodies against collagen,

fibronectin, and laminin, which cause tissue injury
(Figueredo et al., 2019). Failure to control immune response
and inflammation is another effect of the decline in Tregs that

contributes to persistent inflammation. This demonstrates
diverse therapeutic potentials that can be produced when
immunomodulating T and B lymphocyte cells. Immunomodu-

lation of Th1/Treg cells can improve immune response’s pro-
tective properties, whereas Th2/Th17 cells and B cells act as
destroyers (Figueredo et al., 2019; Quach et al., 2022; Yang
et al., 2021).

Periodontitis pathogenesis is significantly influenced by
cytokines, since they connect each tissue cells to various
immune cells (Behfarnia et al., 2010; Pan et al., 2019). Cyto-

kine gene polymorphisms are linked to increased risk and
severity of periodontitis, suggesting that cytokine dysregula-
tion accelerates periodontitis (Kozak et al., 2020; Pan et al.,

2019). This shows that immunomodulation has capacity to
regulate and prevent exaggerated reactivity to periodon-
topathogens by directly targeting the cytokine interaction
system.

First released cytokines after microbiome invasion are IL-1,
TNF-a and IL-6 (González et al., 2018; Könönen et al., 2019;
Makkawi et al., 2017). Each pro-inflammatory cytokines

affects lymphocytes and tissue damage in many ways. They
cause APCs to release cytokines linked to differentiation of a
particular subset of lymphocytes (Pan et al., 2019). These

cytokines stimulate particular signaling pathways, as well as
maturation and differentiation of particular effector cells,
and each cell secretes particular cytokines as third-stage

cytokines release (Könönen et al., 2019; Pan et al., 2019;
Ramadan et al., 2020; Sell et al., 2017). Majority of these
cytokines’ functions are related to mucosal barrier
immunomodulation, pathogen control, osteoclast induction
or suppression, and exaggerated immune response inhibition
(Pan et al., 2019; Ramadan et al., 2020).

3.3. Immunomodulation of Th17 cells

Th17 cells and IL-17 cytokines are thought to be the most
effective immunomodulating agents in periodontitis (Bunte

and Beikler, 2019; Huang et al., 2021). These cells are activated
by IL-23 via ROR activation, with the cytokine implicated in
increasing cell pathogenicity. Induction of IL-23R and TGF-

3, as well as IL-10 repression, result in cell pathogenicity
(Sell et al., 2017). IL-1-stimulated periodontal ligament fibrob-
lasts and myeloid APCs that have been exposed to P. gingivalis

secrete IL-23. In chronic periodontitis, the level of IL-23 of
GCF was correlated with attachment loss (Bunte and
Beikler, 2019; Pan et al., 2019).

IL-17A, IL-17F, I-21, IL-26 and IL-22 are secreted by Th17

cells, and periodontitis has greater Th17 numbers than gingivi-
tis. Members of IL-17 group, IL-17A and IL-17F function as
mucosal and surface barrier immunosurveillance and chronic

inflammation progression, respectively (Bunte and Beikler,
2019; Pan et al., 2019). IL-17 play key role in oral immunity
and microbiota was essential for immunomodulation of oral

tissues. Three properties of IL-17 that are related to its activity
include neutrophil recruitment, antimicrobial factors secretion,
and protective effect of local mucosal barriers (Bunte and
Beikler, 2019; Huang et al., 2021; Ramadan et al., 2020).

Although IL-17 has been shown to have protective func-
tions, it has also been linked to periodontitis pathogenesis.
Subjects with high levels of IL-17 had severe periodontal bone

destruction (Behfarnia et al., 2010). IL-17 was discovered in
GCF in chronic periodontitis patients and was found to be
related to disease severity (Sadeghi et al., 2018). Furthermore,

IL-17 and dysbiosis can interact and influence one another,
increasing pathogenicity of microbiome and immune responses
(González et al., 2018; Hajishengallis, 2015). Th17 cells in peri-

odontal tissue are malleable and can change into Th2 under
effect of IL-4, and Th2 can change into Th1 under influence
of IL-12 and APCs. This illustrates the importance of Th17/
Treg control (Bunte and Beikler, 2019). Immunomodulation

with IL-35 was found to dampen Th17 lymphocytes and
enhance Tregs in patients with periodontitis, resulting in a
lower rate of bone resorption (Cafferata et al., 2020). As a

result, IL-17 is essential for maintaining local tissue homeosta-
sis as well as development of periodontitis. Immune plasticity
in oral cavity is controlled by the equilibrium between IL

and 17 and its antagonist factors, which includes DEL-1, to
ascertain axis of the role of IL-23 and IL-17 in disease etiology
(Bunte and Beikler, 2019; Quach et al., 2022; Yang et al.,
2021). This points to the importance of IL-17 as an

immunomodulation target in periodontitis
immunopathogenesis.
4. Current and future applications of phytochemical research in

periodontitis

Natural products are promising to be used because they can

evade various drawbacks attributed to chemicals or synthetic
drugs, especially cytotoxicity (Shukla et al., 2014). Plants have
large number of phytoconstituents that could act as bioactive
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agents and natural immunomodulatory drugs to interact with
various cells or molecules (Behl et al., 2021; Vo et al., 2020).

Several findings indicated that variety of plants have

immunomodulatory and anti-inflammatory properties (di
Sotto et al., 2020; Shukla et al., 2014). These activities are
exerted by phytochemicals such as glycoproteins, saponins,

alkaloids, phenolics, terpenoids, polysaccharides and fatty
acids contained inside (di Sotto et al., 2020). Resveratrol
may reduce IL-8, TNF- a, IFN- c, and IL-1, and increase

IL-10, while Camellia sinensis’ epigallocatechin-3-gallate inhi-
bits ROS production and cytokine signaling (Jantan et al.,
2015).

Utilization of phytochemicals in periodontal disease ther-

apy has been emerging in recent decades. Scrophularia striata
mouthwash was found to alleviates periodontitis symptoms
through its antimicrobial, anti-inflammation and anti-oxidant

activities (Kerdar et al., 2019). Indonesia’s Indian jujube could
inhibit P. gingivalis growth (Pratiwi et al., 2022). Papaya seed
extract could reduce osteoclasts count in a periodontitis rat

model (Pusporini et al., 2019). Piper marginatum Jacq. and Ilex
guayusa have antibacterial activities against various periodon-
topathogens (Gamboa et al., 2018), while roselle flower petal

extract was found to inhibit biofilm formation (Sebastian
and Widyarman, 2021). It can be inferred that current studies
have mostly uncovered the potential antimicrobial and anti-
inflammatory applications, and rarely the actual mechanisms

involved in immunomodulatory agency.
Despite effectivity of phytochemicals to inhibit periodonti-

tis, its precise immunomodulatory molecular mechanisms and

pathways affected are unidentified. Research on herbal medi-
cine as periodontal therapy has mostly involved in vitro
(Gamboa et al., 2018; Panjaitan et al., 2022; Pratiwi et al.,

2022; Sebastian and Widyarman, 2021) or in vivo models at
the tissue level (Pusporini et al., 2019), while observations on
the molecular level are yet to be done. These studies also used

pure extracts (Gamboa et al., 2018; Panjaitan et al., 2022;
Pratiwi et al., 2022; Pusporini et al., 2019; Sebastian and
Widyarman, 2021), and only did exploration on the phytocon-
stituents (Gamboa et al., 2018; Panjaitan et al., 2022; Pratiwi

et al., 2022; Sebastian and Widyarman, 2021), without analyz-
ing each phytochemical to see bioactivity of each on periodon-
titis. Molecular interactions between each phytochemical with

their yet unidentified cellular interactions need to be closely
observed to uncover tremendous potential of these
phytochemicals.

Phytochemicals interact with biomolecules by acting as
ligand between various cells and biomolecules, whether to inhi-
bit or to induce molecular events (Malik et al., 2021; Shin
et al., 2020). They interact with cells and cytokines with speci-

fic binding efficacy for each of biomolecules and phytochemi-
cals (Bhattacharya et al., 2021). Phytochemicals could inhibit
IL-6 by binding to its receptors in patients with COVID-19

to dampen inflammatory storms (Malik et al., 2021). They also
affect inflammatory pathways through binding with TLR4 to
inhibit its downstream events. Phytochemicals such as resvera-

trol, curcumin and ellagic acid were also found to enhance
Nrf2 and inhibit NF-kB, AP-1, IRF5, TNF-a, IL-6, IL-1b,
IL-2COX-1 (Saleh et al., 2021). These findings show that

potential immunomodulation of periodontitis could also be
done using a variety of these phytochemicals to regulate the
balance between Treg, Th17, Th1 and Th2, along with their
cytokines.
Specific phytochemicals might have a specific affinity to
particular targets, thus thorough examination is needed on
their binding capacity to targets that play roles in periodontitis

pathogenesis. In silico studies are particularly promising to
explore phytochemicals and their binding capacity. Molecular
docking models are often used to predict the interactions of

specific biomolecules (Pinzi and Rastelli, 2019). This approach
can model phytochemicals to represent molecular events in
periodontal therapy to examine binding affinity, and predict

potential application of immunomodulatory therapy to speci-
fic events (França et al., 2022).

5. Conclusions

Periodontitis immunopathogenesis provides potential targets
to be modulated in order to control destructive immune

responses. These targets involve various cells, and their control
would create potential effective immunomodulatory agent.
Interactions of phytochemicals with immune system could
potentially alter immunological events, thus leading to modu-

lation of immune responses to periodontopathogens. Future
research, especially in molecular docking, is needed to discover
the ideal interactions and targets between phytochemicals and

targets in periodontitis immunopathogenesis.
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challenges and delivery systems in immunomodulation and probi-

otic therapies for periodontitis. Expert Opin. Drug Deliv. 18, 1229–

1244.

http://refhub.elsevier.com/S1013-9052(23)00155-4/h0205
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0205
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0205
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0210
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0210
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0210
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0215
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0215
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0215
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0220
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0220
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0220
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0220
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0220
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0225
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0225
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0225
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0230
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0230
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0230
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0230
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0235
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0235
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0235
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0235
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0240
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0240
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0245
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0245
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0245
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0255
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0255
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0255
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0255
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0260
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0260
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0260
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0265
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0265
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0265
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0265
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0265
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0270
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0270
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0270
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0275
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0275
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0275
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0280
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0280
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0280
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0280
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0285
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0285
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0285
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0290
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0290
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0295
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0295
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0295
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0300
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0300
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0300
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0300
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0305
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0305
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0305
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0310
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0310
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0310
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0320
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0320
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0320
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0325
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0325
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0325
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0325
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0330
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0330
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0330
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0330
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0335
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0335
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0335
http://refhub.elsevier.com/S1013-9052(23)00155-4/h0335

	Potential targets of phytochemical immunomodulatory therapy in periodontitis immunopathogenesis: A narrative review
	1 Introduction
	2 Immunopathogenesis of periodontitis
	3 Immunomodulation of periodontitis
	3.1 Immunomodulation of neutrophils
	3.2 Immunomodulation of lymphocytes and cytokines
	3.3 Immunomodulation of Th17 cells

	4 Current and future applications of phytochemical research in periodontitis
	5 Conclusions
	Authors contribution
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References


