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Periodontitis is an oral inflammatory disease of polymicrobial origin that causes the destruction of
gingival connective tissue and the alveolar bone supporting the teeth. Host immune and inflammatory
responses due to specific periodontopathogens and their metabolic products mediate local tissue
destruction. Periodontal disease affects as many as 30% of adults and it is one of the most common
chronic human diseases. However, traditional therapeutic modalities for periodontitis, including non-
surgical or surgical periodontal therapy and occasional adjunctive antimicrobial therapy, have been only

KeyWOT“-’ partially successful. Moreover, the widespread development of antibiotic resistance in pathogenic
Bacteria bacteria and unwanted effects on the gut flora necessitates new strategies to better control periodontal
ggsgﬁ:}eﬂol inflammation. Recently, natural compounds capable of modulating the host inflammatory response have
Flavonoid received considerable attention. Here we review (Pubmed 1997 to 2013) the orally-related anti-bacterial
Inflammation and anti-inflammatory actions of polyphenols, naturally occurring molecules, capable of modulating the
Mast cell host inflammatory response. Of these, certain flavonoids appear to stand out because of their beneficial
Periodontitis profile and clinical evidence. Unique formulations of novel flavonoids may be useful for further

Treatment development as possible therapeutic agents for periodontal inflammation.
© 2013 Elsevier B.V. All rights reserved.
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1. Introduction

* Correspondence to: Tufts University School of Medicine, Department of
Integrative Physiology and Pathobiology, 136 Harrison Avenue, Suite ]304, Boston,
MA 02111, United States. Tel.: +1 617 636 6866; fax: +1 617 636 2456.

E-mail address: theoharis.theoharides@tufts.edu (T.C. Theoharides).

Periodontitis is among the most common human diseases. It has
been estimated that in the US, at least 47% of adults aged 30 years and
older have periodontitis (Papapanou, 2012). According to a report by
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the World Health Organization, periodontitis leading to tooth loss
affected 5-15% of most populations worldwide (Armitage, 2004).
Periodontitis is a chronic multifactorial inflammatory disease caused
by microorganisms and characterized by progressive destruction of
the tooth supporting apparatus, leading to tooth loss (Preshaw et al.,
2004). Preservation of periodontal health is a key component of oral
and overall health and as such is a fundamental human right (Baehni
and Tonetti, 2010).

Periodontal breakdown is a result of the complex interplay
between the pathogenic bacteria forming the biofilm, and the
host's immune responses (Benakanakere and Kinane, 2012b).
During the establishment of periodontal disease, Gram-negative
microorganisms increase up to 80%, colonizing the gingival sulcus
and forming subgingival plaque, leading to the formation of
periodontal pockets and gum recession. Periodontitis is mainly
clinically characterized by bleeding and swelling of the gums,
exposed roots, loose teeth, bad breath and can ultimately lead to
tooth loss. Dental bacterial biofilms are the primary etiological
factor for periodontal diseases, composed of more than 300
different bacterial species. Among the major pathogens in the
periodontal pockets are P. gingivalis and P. intermedia, while high
levels of A. actinomycetemcomitans are more commonly detected
in patients with aggressive periodontitis (Teles et al., 2013). The
cell wall components and various toxic products of periodontal
pathogens can trigger the host response and induce destruction of
periodontal tissues. This cross-talk between the microbial insult
and the immune response is mediated by multiple mediators,
including chemokines, cytokines, and metalloproteinases (MMPs)
secreted locally by host cells, including neutrophils, mast cells,
macrophages and lymphocytes (Benakanakere and Kinane, 2012a).
Elevated levels of several inflammatory mediators, such as inter-
leukin 1 (IL-1), interleukin 6 (IL-6), tumor necrosis factor (TNF-a),
interferon gamma (IFN-y) and prostaglandin E, (PGE;) have been
detected in the gingival tissues and the gingival crevicular fluid
(GCF) of patients affected by periodontitis (Papathanasiou et al.,
2013; Gupta, 2013).

Traditional therapeutic modalities in managing periodontal
diseases mainly involve dental cleaning, subgingival scaling/root
planing and meticulous oral hygiene, aiming at the reduction of
the levels of pathogenic bacteria in periodontal pockets (Heitz-
Mayfield, 2002). The most common drugs that have been used as
adjuncts to scaling/root planing are antibiotics, administered
systemically or topically in periodontal pockets (Heitz-Mayfield,
2009; Leszczynska et al., 2011). Moreover, many clinical trials have
explored the use of non-steroidal anti-inflammatory drugs
(NSAIDs) as an adjunct to periodontal therapy to counteract the
inflammatory and osteoclastic activity of prostanoids (Salvi and
Lang, 2005; Kirkwood et al., 2007; Noguchi and Ishikawa, 2007;
Hasturk et al., 2012; Pinho et al., 2008). Due to the heterogeneity
of the study designs, it is still difficult to reach a conclusion
whether or not there are any additional clinical benefits of such
adjunctive medications, but also on the type dose, and the most
effective time that the drug should be prescribed. In addition, the
majority of these drugs are associated with significant unwanted
side effects, including bleeding, gastrointestinal problems as well
as renal and hepatic impairment that preclude their widespread
use Souza et al., (2012).

Control of the bacterial-induced inflammatory host response,
which is mainly responsible for the destruction of the periodontal
tissues, is difficult and has not been sufficiently explored. The recent
identification of pharmacological properties of polyphenols including
flavonoids and proanthocyanidines (PACs) has generated interest in
their potential use as adjuncts to managing inflammatory conditions,
including periodontitis. As a result, we reviewed the potential use of
natural polyphenols that exhibit both anti-bacterial and anti-
inflammatory properties (Govindaraj et al., 2011).

2. Polyphenols

Polyphenols are the most abundant antioxidants in the human
diet and are widespread constituents of fruits and beverages, such
as tea, coffee, and wine (Landete, 2012). They represent a wide
variety of compounds divided into several classes, such as phenolic
acids, proanthocyanidines and flavonoids (Beecher, 2003). Epide-
miological, clinical, and animal studies support a role of poly-
phenols in the prevention of various chronic diseases, including
cardiovascular disease, inflammatory and metabolic diseases,
neurodegenerative diseases, and some cancers (Middleton et al.,
2000; Mitjavila and Moreno, 2012).

2.1. Proanthocyanidines (PACs)

There has been a growing interest in PACs due to their anti-
oxidant, anti-inflammatory, antibacterial, anti-aging and anti-
cancer properties. PACs is a class of phenolic compounds that take
the form of oligomers or polymers of polyhydroxy flavan-3-ol
units, such as (+ )-catechin and ( — )-epicatechin (Yamakoshi et al.,
2002). They are widely distributed in the plant kingdom, especially
in fruits, berries, nuts, seeds and vegetables (Gu et al., 2004).

A PAC-enriched cranberry fraction inhibited A. actinomycetemco-
mitans lipopolysaccharides (LPS)-induced MMP-3 and MMP-9 produc-
tion by gingival fibroblasts (Bodet et al., 2007). This fraction inhibited
the phosphorylation state and expression of fibroblast's activator
protein-1 (AP-1), which is prominently involved in the transcriptional
regulation of many pro-inflammatory mediators, such as IL-6, IL-8,
PGE, and MMPs (La et al., 2009). A PAC-enriched cranberry fraction
inhibited IL-6, IL-8, and PGE, production by gingival fibroblasts
stimulated with LPS from five different periodontopathogens: A.
actinomycetemcomitans, E nucleatum, P. gingivalis, T. denticola and T.
forsythia (Bodet et al, 2007). The A-type cranberry PAC (AC-PAC)
inhibited the production of MMPs by human monocyte-derived
macrophages stimulated by A. actinomycetemcomitans LPS, as well as
the catalytic activity of recombinant MMP-1 and MMP-9 associated
with reduced phosphorylation of key kinases and nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-xB p65) activity
(La et al.,, 2009). Another in vitro study showed that while AC-PACs did
not interfere with growth, they neutralized all the virulence properties
of P. gingivalis and inhibited the secretion of IL-8 and chemokine (C-C
motif) ligand 5 (CCL5) through reduced activation of the NF-xB p65
pathway without affecting the secretion of IL-6 by epithelial cells
stimulated with P. gingivalis (La et al., 2010). AC-PACs could signifi-
cantly inhibit osteoclast differentiation, even when cells were treated
with the lowest concentration (10 pg/mL) of AC-PACs (Tanabe et al.,
2011). PACs extracted from Myrothamnus flabellifolia (MF) showed
reduced P. gingivalis adhesion and invasion about 50% (Lohr et al.,
2011). AC-PACs and licochalcone A inhibited P. gingivalis growth and
biofilm formation and also reduced LPS-induced secretion of IL-1p,
TNF-o, IL-6 and IL-8 (Feldman and Grenier, 2012). In summary, the
benefit of PACs in relation to periodontal disease included inhibition
of: (a) biofilm formation and adhesion of periodontopathogenic
bacteria, (b) proteolytic activities of bacteria, (c) cytokine production
by immune and mucosal cells, and (d) inhibition of MMP production
(Bonifait and Grenier, 2010).

2.2. Flavonoids

Flavonoids is a subclass of naturally occurring polyphenolic com-
pounds also found in fruits, vegetables, nuts, seeds, herbs, spices and
red wine (Middleton et al., 2000). Flavonoids are composed of two
aromatic rings linked through three carbon atoms that form an
oxygenated heterocyclic ring (Schroeter et al, 2003). Variations on
the basic structure of flavonoids yield different classes including
flavonols, flavones, flavanols, and flavanones (Huxley et al., 2004).
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Flavonoids possess antioxidant, anti-allergic, anti-inflammatory, cyto-
protective and antibacterial activity (Middleton et al, 2000;
Theoharides et al,, 2001; Kempuraj et al., 2005). The inhibitory effects
of flavonoids on inflammatory processes involved in periodontitis are
depicted in Fig. 1.

2.2.1. Luteolin

Luteolin, is a natural anti-oxidant capable of inhibiting mast cell
mediators release, such as histamine, vascular endothelial growth
factor (VEGF), IL-6 and TNF-a from human cultured mast cells
(Kempuraj et al., 2005) as well as release of leukotrienes (LTs) and
prostaglandin D, (PGD,) (Kimata et al., 2000). Luteolin also inhibits
mast cell-dependent stimulation of T cells (Kempuraj et al, 2008).
Moreover, luteolin inhibited LPS-stimulated TNF-a and IL-6 release
through inhibition of protein tyrosine phosphorylation and NF-xB-
mediated gene expression from macrophages (Xagorari et al., 2001).

Luteolin proved to be a potent inhibitor of nitric oxide (NO)
production in vitro from LPS-stimulated human gingival fibro-
blasts, important cells in periodontal soft tissue remodeling,
through interference with LPS signaling pathways (Gutierrez-
Venegas et al., 2006). Another in vitro study showed that luteolin
down regulated the production of NO and IL-6 in a concentration-
dependent manner with 50 uM luteolin reducing NO production
by 86% and 25 pM also blocking completely the secretion of IL-6 by
blocking NF-xB signaling through inhibition of nuclear transloca-
tion and DNA binding activity of NF-xB p50 subunit (Choi et al.,
2011). In a recent in vitro study, luteolin was shown to inhibit the
effects of LPS obtained from P gingivalis in human gingival
fibroblasts by inhibiting the activation of mitogen-activated pro-
tein kinases (MAPK) and serine/threonine-specific protein kinase,
as well as the expression of cyclooxygenase-2 (COX-2) (Gutierrez-
Venegas and Contreras-Sanchez, 2013). Elevated PGE,, which is
produced by mast cells, was detected in the gingival crevicular
fluid of patients with chronic periodontitis compared to period-
ontally healthy subjects (Preshaw and Heasman, 2002).

2.2.2. Quercetin
Quercetin is one of the most potent scavengers of reactive
oxygen species (ROS) including superoxide and reactive nitrogen
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Fig. 1. Diagrammatic representation of the proposed pathways involved in period-
ontal inflammation and sites of the inhibitory action of flavonoids.

species (Middleton et al., 2000). The effects of quercetin on a
variety of inflammatory processes and immune responses are well
established (Min et al, 2007). Several in vitro studies using
different cells have shown that quercetin can inhibit LPS-induced
TNF-a production in macrophages (Manjeet and Ghosh, 1999) and
LPS-induced IL-8 production in human pulmonary epithelial cells
(Geraets et al., 2007). In addition, quercetin inhibits immunoglo-
bulin E (IgE)-mediated release of histamine, tryptase and produc-
tion of inflammatory cytokines such as IL-6, IL-8 and TNFa from
human cultured mast cells (Kimata et al., 2000; Kempuraj et al.,
2005). Quercetin also inhibits the production and gene expression
of TNF via modulation of NF-xB in human peripheral blood
mononuclear cells (Nair et al., 2006).

Quercetin inhibited NO production from LPS-induced human
gingival fibroblasts in vitro with maximal inhibition of 35%, while
inhibition due to luteolin was 90% (Gutierrez-Venegas et al., 2006).
Quercetin isolated from the Lotus leaf had in vitro antimicrobial
activity against A. actinomycetemcomitans, A. viscosus, P. gingivalis,
F. nucleatum, and A. naeslundii with the minimum inhibitory
concentrations of 0.625, 1.25, 1.25, 0.625 and 2.5 mg/mL, respec-
tively (Li and Xu, 2008). Quercetin also reduced LPS-induced
osteoclast formation in a rat model (Cheng et al., 2010).

2.2.3. Other types of flavonoids

Licorice-derived licoricidin (LC) and licorisoflavan (LIA) inhib-
ited the secretion of IL-6 and CCL-5, as well as MMP-7,-8, and -9
from LPS-stimulated macrophages by reducing activation of NF-xB
p65, but did not affect the secretion of IL-8 (La et al., 2011). The
polymethoxy flavonoids nobiletin and tangeretin significantly
suppressed the bone-resorbing activity induced by LPS and sup-
pressed NF-xB ligand-induced production of osteoclasts, and
restored the alveolar bone mass in a mouse experimental model
of periodontitis (Tominari et al., 2012). Epigallocatechin-3-gallate
(Chatterjee et al, 2012) inhibited the in vitro growth of
P. gingivalis, P. intermedia and P. nigrescens, as well as the adher-
ence of P. gingivalis to human buccal epithelial cells (Sakanaka
et al,, 1996). In another in vitro study, catechin inhibited osteoclast
formation of primary osteoclastic cells co-cultured with bone
marrow cells and induced apoptotic cell death of osteoclast-like
multinucleated cells (Nakagawa and Yokozawa, 2002).

3. Clinical use

The use of therapeutic agents in oral hygiene products, or
through local delivery vehicles, is a well established approach for
improving periodontal health (Ciancio, 2011). A number of human
and rodent studies using polyphenols are summarized in Table 1.

3.1. Toothpaste

Adding active agents to dentifrices is a common method to
enhance mechanical plaque removal and to prevent the establish-
ment of periodontal inflammation. One clinical study showed that
two pharmaceutical preparations containing 0.1% quercetin and
naringenin in the form of toothpaste significantly inhibited plaque
formation by reducing the accumulation of microorganisms and by
preventing the bacterial adhesion on the tooth surface (Ammar
et al,, 1990). Another prospective clinical study using a dentifrice
containing an extract (0.5%) of Scutellaria baicalensis (which
contains baicalein, baicalin, wogonin and acteoside), demonstrated
significant reduction of plaque, gingivitis and biofilm vitality after
21 days, compared to placebo (Arweiler et al, 2011).
Topical application of a green tea catechin (1.0%)-containing
dentifrice in the periodontal lesions of a rat model, reduced
inflammatory cell infiltration to a greater degree at 8 weeks



Table 1

The use of flavonoids as therapeutic agents in periodontal inflammation.

Study design No of subjects Observation Flavonoids Model Target Effect References
period
Prospective clinical study 10 3 weeks Naringerin (0.1%) Toothpaste Dental plaque — Formula I: 32% decrease in accumulation Ammar et
Quercetin (0.1%) — Placebo formation of dental plaque al. (1990)
— Formula I: quercetrin — Formula 11:34% decrease in accumulation
— Formula II: naringerin of dental plaque
Prospective clinical study 40 Toothpaste Loe &Silness GI: 1.585+0.218 (PLA); 0.934+0.239 (SB) Arweiler et
gingival index (GI) al. (2011)
20: control group 21 days Sculletaria baicalensis extract (0.5%): — Placebo (PLA) Loe &Silness PI: 2.250+0.383 (PLA); 1.700+0.229 (SB)
baicalein, baicalin, wogonin acteoside — Experimental toothpaste (SB) plaque index (PI)
20: experimental group Topical application for 1 min per Biofilm vitality =~ VF: 83.06+6.55 (PLA); 73.14+9.39 (SB)
day. (VF%)
Prospective clinical pilot 6 8 weeks Green tea catechin: Slow-release local delivery system Probing depths PD Hirasawa, et
study in periodontal pockets>5mm (PD) al. (2002)
3: scaled group (I) MIC 1.0 mg/ml Test strips (I + 1I) Scaled group-+test strips:
3: non-scaled group (II) Placebo strips (I + II) BL: 4.7+ 0.8 mm
Replacement of the strips every Week 8: 3.3+ 0.5 mm
week
Scaled group+placebo strips:
BL: 5.0+ 0.8 mm
Week 8: 4.9+ 0.8 mm
Experimental study:rat 24: 4 groups 8 weeks Green tea catechin (1.0%) Toothpaste Distances:
model
1: no treatment Control CEJ-ABC* CEJ-ABC Maruyama
Group 1: 466+40 et al. (2011)
Group 2: 691+87
Group 3: 697+67
Group 4: 603+131
2: periodontal inflammation Experimental toothpaste CEJ-JE* CEJ-JE
Group 1: 0+0

Epidemiological cross-
sectional study
questionnaire

3: periodontal. inflammation
+control toothpaste

4: periodontal inflammation
+experimental toothpaste

3956 Japanese women - Isoflavones genistein, daidzein

Daily topical application for 4
weeks

Dietary daily intake (per os)

PMNs per unit
area

*CE]J: cemento-
enamel junction
“JE: junctional
epithelium
*ABC: alveolar
bone crest

Prevalence of
periodontal
disease

and prevalence of periodontal disease

Group 2: 133+102
Group 3: 143+56
Group 4: 29+30

PMNs per unit area
Group 1: 1.7+0.2
Group 2: 2.8+0.4
Group 3: 2.5+0.6
Group 4: 1.3+0.3

Inverserelationship between isoflavone intakeTanaka et al.
(2008)

08
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Kushiyama
et al. (2009)

Tomofuji, et
al., (2009)

Cocoa-enriched diet diminished
periodontitis-induced oxidative stress

PD: 0.023 mm decrease
BOP: 0.63 decrease

Attachment loss AL: 0.028 mm decrease

(AL)
Gingival oxidative Group 3:

Probing depth
stress

(PD)
probing (BOP)

Bleeding on

Daily intake number of cups per

day
enriched diet (per os)

Cocoa flavonoids: catechin, epicathechinDaily intake of a 10% cocoa-

Green tea catechines
(42 mg/g)

4 weeks

940 Japanese men

24: 3 groups

1: control group

2: periodontitis group

3: periodontitis+cocoa group

questionnaire

Experimental study: rat
model

Epidemiological study

I. Palaska et al. / European Journal of Pharmacology 720 (2013) 77-83 81

compared to the application of the control dentifrice, and lowered
levels of expression of lipid peroxidation, oxidative protein
damage, and TNF-a (Maruyama et al., 2011). A propolis containing
toothpaste was recently shown to improve oral health and
gingivitis in eight patients who underwent implant-supported
prosthodontic rehabilitation as compared to a negative control
(Morawiec et al., 2013).

3.2. Topical application

Hydroxypropylcellulose strips containing green tea catechin
(1.0 g/ml) applied in pockets of periodontal patients once a week
for 8 weeks showed an anti-bactericidal effect against P. gingivalis
and P. intermedia species; the combined use of mechanical treat-
ment and the application of green tea catechin using this slow-
release local delivery system was effective in improving the
periodontal status (Hirasawa et al., 2002).

3.3. Oral intake

Isoflavones, such as genistein and daidzein, have numerous
biological effects (Messina, 1999). There was a significant inverse
dose-response relationship between the intake of isoflavones and
the prevalence of periodontal disease in young Japanese women
(Tanaka et al., 2008). The intake of green tea was also inversely
related with the mean probing depth clinical attachment loss and
bleeding on probing among 940 Japanese men (Kushiyama et al.,
2009). Rats with experimental periodontitis that were fed with a
cocoa-enriched diet had decreased levels of serum reactive oxygen
metabolites in contrast with the rats that were fed a regular diet
(Tomofuji et al., 2009).

4. Conclusions

The development of periodontitis is a multifactorial process,
through which bacterial-induced inflammation, modified by envir-
onmental and genetic factors, leads to an excessive host response
and associated tissue destruction. It is therefore reasonable to try
to control the inflammation using both conventional mechanical
therapy and pharmacological adjuncts (Bartold and Van Dyke,
2013). Administration of unique flavonoids, either by adding them
to several oral hygiene products or through local delivery vehicles,
could play an important role in periodontal therapy. Quercetin and
luteolin are generally safe. In fact, quercetin was effective in a
clinical trial for the inflammatory bladder disease interstitial
cystitis (Katske, Shoskes et al., 2001;Theoharides et al., 2008) as
well as to reduce contact dermatitis in humans (Weng et al., 2012).
Further preclinical animal and human clinical studies are required
to show in what combinations and formulations flavonoids may
best reduce periodontal inflammation.
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