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Abstract

Our immune system has a highly sophisticated defence system that protects the host from invading microorganisms by involving the
interaction of a number of cell types, products, tissues and organs. Oral health influences the quality of well-being. Phytochemicals are
naturally occurring molecules, which significantly play an imperative role in modulating favourable immune responses. A number of
phytochemicals act as potential immunomodulators, hence we ought to discuss their mechanism of action and its applications in dentistry in
this review article.
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INTRODUCTION

Immune response is a result of effective interaction between innate (natural, non-specific) and acquired (adaptive, specific)
immune system. Being the first line of defense, if the pathogen manages to dodge the innate immune system, the adaptive
immunity will start kicking in, building a myriad of antibodies which is different to different pathogens. Modulation of immune
system refers to alteration of immune response that includes stimulation, amplification, expression or inactivation of the
immune response. Immune responses takes place in three well defined phases: cognition, activation , and effector (Abbas et al.,
1995)(1). In the initial cognitive phase, foreign antigens are bound to specific receptors on the cell wall of mature lymphocytes.
B-lymphocytes express specific antibodies that bind soluble foreign proteins, polysaccharides, or lipids, while T-lymphocytes
express receptors recognize only short peptide sequences on foreign antigens (including those located on the surfaces of other
cells)(2). In the activation phase, lymphocytes which have recognized a foreign antigen proliferate, leading to the formation of
lymphocyte clones. Simultaneously, in the cell mediated immunity (CMI) arm of the immune system, antigen-stimulated T-
cells differentiate from null cells to helper or suppressor cells or into Killer cells (59). CMI serves to support the humoral arm
of the immune system, recruit other defensive cells, and kill any cell recognized as foreign. Responding T- and B-lymphocytes
eventually travel to site of antigen administration or antigen penetration into body tissues. In the third, effector phase, newly
secreted antibodies eliminate the foreign antigen activating the complement cascade, stimulating degranulation of mast cells,
and initiate the release of mediators from other cells. Activated T-cells secrete cytokines that enhance the functions of B-cells
and phagocytes and stimulate nonspecific inflammatory responses.

Indian medicinal plants and various “Rasayana” possess immunomodulatory effects. Phytochemicals are originally occurring
compound with bioactive potentials often referred to as “secondary metabolites”. In addition to compounds that are necessary
for the growth and reproduction, plant cells synthesize a number of secondary metabolites, which do not appear to be strictly
necessary for the survival of the plant, that include alkaloids, flavonoids, coumarins, glycosides, gums, polysaccharides,
phenols, tannins, terpenes, and terpenoids.(3)(4). Phytochemicals also have therapeutic effects like anti-oxidant, anti-diabetic,
memory enhancing, cholesterol lowering effects, anticancer, reduce oxidation, reduce inflammation and numerous
immunomodulatory activities. Terpenoids, phenolic compounds, and alkaloids dominate among low-molecular
immunomodulatory compounds, polysaccharides dominate among the high-molecular weight compounds (5). This article gives
us an extensive description of various phytochemicals and their applications in dentistry.
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CONCEPT OF IMMUNOMODULATION

Immunomodulation encompasses any intervention directed towards modifying the immune response with a therapeutic intent.
Depending on the clinical scenario, it may be advantageous to modulate immune responses as well as therapeutic strategies
employed in each therapy. The essence of immunomodulation is the stimulation of immune response which is desired for certain
people such as immunocompromised patients or patients with auto immune or inflammatory diseases (6).

IMMUNOMODULATORS
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Fig 1. Mechanism of phytochemicals in immunomodulation(6),(7)
CLASSIFICATION OF IMMUNOMODULATORS

IMMUNOSTIMULANTS : Facilitate immune responses against several infections (autoimmunity, allergy, cancer) by
activating innate and adaptive immunity(8),(9). They exhibit prophylactic actions in healthy patients by stimulating the primary
immune response and act as immunotherapeutic agents in patients having primary and secondary immunodeficiency(10).
Immunostimulants do not alter the memory cells of immune system with a brief duration of action. Hence to upregulate
therapeutic activity, they are re-administered from time to time (11).

IMMUNOSUPRESSANTS : Suppresses the pathological immune responses in autoimmune diseases, hypersensitivity, graft-
versus-host-rejection and other immune mediated diseases. Immunosuppressive agents cure graft rejection and autoimmune
disorders. Immunosuppressants weakens the potential of human body which rejects the transplanted organs like kidney, liver
and heart. Therefore, known as anti rejection agents (12),(13).

IMMUNOADJUVANTS : Equips the immune system by expanding the magnitude, duration and induction of antigen specific
immune response but do not contain any special antigenic activity, administered in combination with specific antigen vaccines.
In the absence of such vaccines, these agents do not have any antigen activity (14). They act as a depot for the slow release of
antigen, stimulate phagocytosis and improve the immune response produced by the only antigen. These substances display
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danger signals to the immune system to respond against specific antigen. Freund’s adjuvants are used to distinguish Th1 and
Th2, cellular and humoral, 1gG and IgE, immunoprotective and immunodestructive immune actions (15),(16),(17).

Fig 2. Factors associated with immunomodulation (7)

PHYTOCHEMICALS AS IMMUNOMODULATORS

Phytochemicals are chemical compounds produced by plants. They are low molecular weight bioactive compounds widely
found in fruits, vegetables and other plant food. Phytochemicals have shown to inhibit the growth of oral pathogens, reduce the
development of dental plaque, influence the adhesion of bacteria. Phytochemicals have been classified into many groups based
on their structure: alkaloids, sulfur-containing phytochemical, terpenoids and polyphenols(18).
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Fig 3. Classification of Phytochemical’s

FLAVONOLS: QUERCETIN,KAEMPFEROL,MYRICETIN,GALANGIN
FLAVONES: APIGENIN,CHRYSIN,LUTEOLIN

FLAVANOLS: CATECHIN,EPICATECHIN,EPIGALLOCATECHIN

FLAVANONES: ERIODICTYOL,HESPERITIN,NARINGENIN
ANTHOCYANIDINS: CYANIDIN,PELARGONIDIN,MALVIDIN

ISOFLAVINOIDS: GENISTEIN,DIADZEIN,GLYCITEIN, FORMONONECTIN

ALKALOIDS

Alkaloids rank among the most efficient and therapeutically significant plant substances comprising the largest single class of
secondary plant substances which contain one or more Nitrogen atoms, usually in combination as part of a cyclic structure eg;
nicotine, cocaine, morphine and codeine, quinine, reserpine, with large demand worldwide. They exhibit marked physiological
activity when administered to animals. Alkaloids possess anti-tumor activity (vinblastine and vincristine), antimicrobial
(cepharanthine), and analgesic activity (morphine) are also known to enhance immune response and a large number of alkaloids
are being investigated for their immunostimulating properties (19).

Piperine has been found to possess various inhibitory activities on prostaglandin and leukotrienes COX-1 inhibitory effect,
thereby exhibiting anti-inflammatory activity (Stohr et al., 2001), reducing inflammation and inhibits osteoclastic activity.
Berberine is isolated from C. rhizoma (Ranunculacea) possess bactericidal activity against oral commensals and inhibits
collagenase activity against A. actinomycetemcomitans and P. gingivalis(21). Berberine has the potential to inhibit the
degradative action of extracellular MMP and in vitro inhibitory effect on P.gingivalis thus slowing periodontal degradation.

Phytochemical and botanical source Mechanism of action

Piperine Increases total WBC count, bone marrow cellularity, total
Piper longum antibody production is enhanced (20)

Berberine Significant decrease of plasma TNFa, [FNy and NO levels (20)
Hydrasti canadensis

Tetrandrine Suppress cytokine production

Stephania tetrandra Inhibits NFkB mediated release of inflammatory factors (20)
Sinomenine Essential for graft survival (20)

Sinomenium acutum
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POLYSACCHARIDES

Polysaccharides modulate innate immunity, specifically macrophage function. The scientific evaluation of polysaccharides
provides a unique opportunity for novel therapeutic agents and adjuvants that are beneficial immunomodulatory agent (22).
Alginate has been found to be an ideal coating for dental impression materials (Nijhuis et al., 2010). This is an ideal component
that binds growth factors and bone-forming cells in aqueous suspensions for the accurate biomimetic modification of implants
(Zhitomirsky et al., 2009). Calcium alginate and fibrin gel keep cells in place after seeding and improve the immediate
mechanical properties of the graft. Scientific evidences have shown that calcium alginate can be used as a cell carrier for bone
marrow mesenchymal stem cells transplantation in periodontal regeneration (Tan et al., 2009).

LECTINS

Viscum album has shown to increase the number and cytotoxic activity of NK cells and induces antitumor activity in animal
models. Lectin-sugar interactions on the cell surface of immunocompetent cells can induce cytokine gene expression and protein
synthesis. Lectin alters mitochondrial transmembrane potential and increases intracellular levels of ROS.(23). According with
Teixeira and collegues (24) plant lectins are able to inhibit oral bacteria adherence to enamel acquired pellicles probably through
blocking streptococci adhesion. Lectins were found to have an anti-adhesion potential and they can be explored as a
biotechnological tool and in therapeutics of dental diseases that are closely related to biofilm formation.

Mangiferin possesses antibacterial activity in vivo against specific periodontal pathogens such as P. intermedia and P.
gingivalis. Enhances the production of IgG1 and IgG2b. Use of mango leaf in conjunction with a tooth brush is a good home
care device for maintenance of oral hygiene (27). Cytotoxic and antimicrobial activities of methanolic extract of Boerhavia
diffusa (28) investigated both stem and leaf extracts showed antimicrobial activity in a dose dependant manner. Leaf extract of
Boerhavia diffusa showed maximum antibacterial activity against Staphylococcus aureus sub species aureus and maximum
antifungal activity against Fusarium oxysporum. Studies have reported that the use of aucubin may exert its anti-inflammatory
effects by inhibiting Ag-induced TNF and IL-6 production and expression by blocking NF-kB activation (29). Moreover,
topical application of 0.1% aucubin solution showed antimicrobial activity by inhibiting the RNA and protein biosynthesis of
salivary microorganisms (30). Lee et al. reported that application of 0.1% aucubin solution accelerated re-epithelialization and
fibrosis on a dermal artificial surgical wound and suggested the possibility of using aucubin as a topical agent.

GLYCOSIDES

These include a wide range of chemical sub groups containing a glycan (sugar) and an aglycan (non-sugar). These are polar
compounds which consist of at least one sugar molecule linked to another moiety. Pharmaceutically important glycosides
include saponins and anthracin derivatives. Glycosides mainly participate in the stimulation of cardiac system, central nervous
system stimulation and immune system, they also possess antimicrobial activity (23).

PHENOLIC COMPOUNDS

These are plant substances possessing an aromatic ring bearing one or more hydroxyl substituents. They are water soluble as
they most frequently occur combined with sugar as glycosides. They are usually located in the cell vacuole. The presence of
phenols is considered to be potentially toxic to the growth and development of pathogens. This group includes flavonoids,
tannins, and other phenols (31).

Turmeric, a rhizome of Curcuma longa, is a herb known for its medicinal properties like anti-inflammatory, antioxidant,
antimicrobial, hepatoprotective, immunostimulant, antiseptic, and anti mutagenic. It has a role in the treatment of periodontal
diseases and oral cancers. Turmeric can also be used as a pit and fissure sealant, mouth wash (32), and subgingival irrigant (34)
in different preparations. It is also used as a component in local drug delivery system in gel form as an adjunct to scaling and
root planning (33).The efficacy of pomegranate, Punica granatum (Punicaceae), in the prevention of dental plaque was
investigated and experimental data strongly support the antibacterial activity of pomegranate extracts against oral pathogen
such as S. mutans (35). Aqueous extracts of Punica granatum show significant decrease in nitric oxide and TNF- a levels (Labsi
et al,2016)
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Gallic acid Bcell proliferation, inhibition of mast cell degranulation (36)

Ellagic acid Antiproliferative, antioxidant (36)

Punica granatum

Chlorogenic acid Enhances lymphocyte proliferation, secretion of IFN (36)

Plantago major

Ferulic acid Enhances lymphocyte proliferation, secretion of IFN (37)

Plantago major

PCoumaric acid Enhances lymphocyte proliferation, secretion of IFN (37)

Plantago major

Vanilic acid Enhances lymphocyte proliferation, secretion of IFN (37)

Plantago major

Enhances bone marrow cellularity, o esterase positive cells and phagocytic
activity. Inhibits IL2 expression and NF«B (37)

Curcumin
Curcuma longa

FLAVONOIDS

Flavinoids, most widely distributed natural products occurring both in free-state and as glycosides with a C6-C3-C6 carbon
skeleton (38). Flavonoids are potent water-soluble super antioxidants and free radical scavengers which prevent oxidative cell
damage have strong anti-cancer activity and protect against all stage of carcinogens. Flavonoids are known to reduce the risk
of heart diseases(39).In terms of anti-cancer activity, they inhibit the initiation, promotion, and progression of tumors. Some
isoflavones act as allelochemicals (insecticides) .(40).Flavonoids like quercetrin and naringenin, were added into two
pharmaceutical preparations in the form of toothpaste. It was found that the flavonoids inhibit plaque formation and significant
decrease in the levels of Gram-positive streptococci by the usage of the toothpaste (Ammar et al) (41). Treatment in surgical
wounds it was found that propolis which was found in aqueous solution mouth rinses helps in the repair of intrabuccal surgical
wounds and exerted mild anti-inflammatory and analgesic effects (42). Repair of dental sockets and skin wounds numerous
studies have pointed out that topical application of 10% hydroalcohol solution of propolis in cutaneous wound healing and
socket wound after the extraction of tooth in rats, promoted oral epithelial repair but had no effect on wound healing of the
socket.

Isorhamnetin30Oglucoside
Urtica dioica

Has in vitro immunomodulatory potential (25)

Eupalitin30OpDgalactopyranoside
Boerhaavia diffusa

Inhibited PHA stimulated proliferation of peripheral
blood mononuclear cells IL2 and TNFa, (25)

Aucubin
Plantago major

Enhances lymphocyte proliferation, secretion of IFNy
(26)

Centaurein
Bidens pilosa

Augmentation of INF promotor activity (43)

Apigenin 7-0-p-D-neohesperidoside
Jatropha curacas

Stimulation of humeral and cell mediated immunity (43)

Luteolin
Plantago major

Enhances lymphocyte proliferation and secretion of INF
(44)
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Baicalein Enhances lymphocyte proliferation and secretion of INF
Plantago major (44)

Quercetin-3-0- rutinoside

Utica dioica Immunomodulation (44)

Kaempherol-3-0- rutinoside

Utica dioica Immunomodulation (44)

ANTHOCYANINS

Anthocyanins and anthocyanin-rich mixtures of bioflavonoids may provide protection from DNA cleavage, estrogenic activity
(altering development of hormone-dependent disease symptoms), enzyme inhibition, boosting production of cytokines (thus
regulating immune responses), anti-inflammatory activity, lipid peroxidation, decreasing capillary permeability and fragility,
and membrane strengthening (31). Cyanidin-3-glycoside and Peonidin (Blackberry) have anti-oxidant and anti-inflammatory
action (45), (46).

The antioxidants from blueberries were shown to protect oral macrophages - WBC that are crucial to the immune system,
blocking the molecular pathway involved in inflammation — a factor largely involved in periodontal disease. Strong proteolytic
activity of bacteria of red complex causes periodontal destruction by variety of mechanisms including direct tissue degradation
and host inflammatory response modulation (47). Bodet in 2006 (48) investigated the effect of cranberry concentrates showing
trypsin like activity of T.forsythia and chymotrypsin activity of T.denticola was evaluated using synthetic chromogenic peptides
with the potential to reduce the proliferation of P.gingivalis, T.forsythia and T.denticola in periodontal pockets or their
proteinase mediated destructive processes occuring in periodontitis. La et.al (2009) (49) investigated the effects of A-type
cranberry proanthocyanidins (AC-PACs) on the production of various MMPs by human monocyte derived macrophages
stimulated with Aggregatibacter actinomycetocomitans and the catalytic activity of recombinant MMP-1 and MMP-9.The
results showed that AC-PACs inhibit the production of MMPs in a concentration dependent manner and also inhibited catalytic
activity of MMP-1 and MMP-9.

TANNINS

Amorphous, rare crystalline substances, soluble in water and alcohol having an astringent and bitter taste. Occurs widely in
vascular plants; in angiosperms their occurrence is associated with woody tissues. Hydrolysable tannins are based on gallic
acid, usually as multiple esters with D-glucose, while the numerous condensed tannins (often proanthocyanides) are derived
from flavonoid monomers. Many physiological activities such as stimulation of phagocytic cells, host-mediated tumor activity
and a wide range of anti-infective action have been assigned to tannins (38). Chebulagic acid down regulates TNF o and IL-6.
Punicalagin scavenges free radicals and causes immunosuppression(50). Oral rinses made from these extracts used in
periodontal therapy have anti-microbial and anti-oxidant effect inhibits Streptococcus mutans at concentrations as low as
50ug/ml. This anti-plaque effect probably may be due to the tannic acid in Triphala, which is adsorbed well on the surface of
the bacterial cells, which result in protein denaturation and ultimately to bacterial cell death. Triphala mouth rinse when
combined with scaling and root planing showed significant reduction in the plaque, gingival, and oral hygiene indices without
any evidence of staining of teeth (51).

SAPONINS

Saponins are found in roots, tubers, leaves, blooms or seeds. Based on the carbon skeletons, saponins were classified into
triterpenes and steroids. Their glycone parts were mostly oligosaccharides, arranged either in a linear or branched fashion,
attached to hydroxyl groups through an acetal linkage (52). Researchers found that saponins have antitumor effect on many
cancer cells. Several saponins inhibit tumor cell growth by cell cycle arrest and apoptosis with 1C50 values up to 0.2 mM.
Saponins in combination with conventional tumor treatment strategies can result in improved therapeutic success rate.(53).
Asiaticoside enhances phagocytic index and total WBC count. Glycyrrhizin inhibits classical complement pathway.
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A high saponin diet can inhibit dental caries and platelet aggregation. Asiaticoside (54) is a compound isolated from herb
Centella asiatica, promotes osteogenic differentiation of human periodontal ligament (hPDL) cells. Thus asiaticoside could be
used as a novel therapeutic drug for periodontal tissue regeneration. Liquorice belongs to the genus Glycyrrhiza. The ability of
liquorice root polysaccharides to reduce bacterial binding to host cells was observed after pre-treatment of P. gingivalis by
Wittschier et al. Bodet et al. investigated the response of liquorice on periodontopathogen - induced inflammatory response and
found that liquorice extract exhibited potent anti-inflammatory properties by inhibiting the periodontopathogen (2020) (55).

TERPENOIDS

These are natural products whose structure may be divided into isoprene units, called as isoprenoids. Triterpenoids have carbon
skeleton based on six isoprene units and are derived biosynthetically from the cyclic C30 hydrocarbon, squalene. They are
colorless, crystalline, with high melting points and optically active substances. Triterpenes occur in waxy coatings of leaves
and on fruit such as apple and pear, and serves a protective function in repelling insects and microbial attack. Terpenoids are
reported to possess antiarthritic or antiphlogistic activity, and their biological activities appear to be mediated by immunological
processes. Effect of these compounds on immune system appears to be two-fold; first to enhance antibody production and
second to suppress T-cell response. Andrographolide enhances the expression of IL-2 and inhibition of NO in endotoxin
stimulated macrophages(56). Ursolic acid activates intracellular killing effect of macrophages during Mycobacterium
tuberculosis infection.

Andrographolide is a bioactive phytoconstituent found in various parts of A. paniculata, but particularly in the leaves.
Nilavembu has the ability to reduce the bacterial growth. Nilavembu is found to be an adjunct to scaling and root planning for
the treatment of periodontal diseases. However, further studies on a large-scale population using varied concentrations of the
drug may be required to evaluate the long-term effects of nilavembu (57).

FUTURE OF POTENTIAL PHYTOCHEMICALS

By repurposing the traditional Indian medicinal plants and formulations, new treatment options can be identified to combat the
deadly COVID-19. Many safe traditional formulations, which are known to be immunomodulators, have been used for centuries
in respiratory disorders and in allergic conditions. Many of them are now under clinical trial in COVID-19 patients. Some of
the traditional formulations include Berberis aristata (Yan et al, 2018; Wang et al 2017), Glycyrrhiza glabra (Mitra Mazumder
et al,2012; Ashraf et al,2017), Piper longum (Jiang et al 2013), Piper nigrum (Mair et al,2016; Tasleem et al,2014), Curcuma
longa (Kim et al,2014) that have been recognised to have immunomodulatory effects in COVID-19 patients. Hence a number
of traditional herbs have been reported to work as an immunity booster against viral infections and possess anti-allergic/anti-
inflammatory activities, its efficacy needs to be tested against COVID-19 (58).

CONCLUSION

Herbal excipients play a major role in pharmaceutical formulation owing to its wide range of availability in developing countries
which have rich agro-climatic, cultural and ethnic biodiversity. The effects of phytochemicals on the immune system, have
significantly evolved from laboratory testing to clinical studies. Combination therapeutics may be enhanced by exploring more
phytochemical adjuvants which will synergistically affect the treatment outcomes with greater efficiency and less side effects.
Itis therefore, necessary to preserve this indigenous knowledge on traditional medicines by proper documentation, identification
of plant species or parts used, herbal preparation, and their dosage to further elaborate on the rich significance of
phytochemicals.
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