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Abstract

Chronic periodontitis is a polymicrobial inflammatory
disease of multifactorial origin. Microbial biofilm and
associated host responses are involved in the pathogenesis
of periodontitis. The host response is essentially protective
by intent but paradoxically can also result in tissue
damage. Host modulation therapy has emerged in recent
years as a valid treatment concept for the management of
periodontal disease and represents a significant step
forward for the clinician as well as patients with
periodontal disease. This review aims at focusing on
various host modulatory agents that have been developed
or proposed to modulate host responses for the treatment
of periodontitis.

Keywords: Bisphosphonates, chronic periodontitis, host
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Introduction

Chronic periodontitis (CP) is a polymicrobial disease due
to an imbalance in the host defence mechanism and
virulence factors of pathogenic micro-organisms, resulting
in an immune-inflammatory response that can result in
harmful changes in the tooth supporting structures [1]. A
small group of microaerophilic bacteria, gram-negative, or
anaerobic bacteria in the biofilm are important for

induction and advancement of periodontal destruction.

The microbial defence consists of virulence factors such
(GPs),
Therefore for the management of periodontal disease,

as gingipains and lipopolysaccharides [2].
conventional approaches aim at reducing the bacterial
load, either by mechanical procedures such as scaling and
root planning (SRP) and surgery, or by the supportive use
of antibiotics. In later years, other adjunctive approaches
that aim to eradicate or drastically reduce the bacteria
have included pharmacological measures, which require
the use of systemic as well as topical antimicrobial
medications. However, recent research into the
pathogenesis of periodontal diseases has led to an
important paradigm shift, in the way we view periodontal
The

response in

disease progression. importance of the host

inflammatory periodontal pathogenesis
presents the opportunity for exploiting new treatment
The host

inflammatory response against bacterial plaque can thus

strategies  for  periodontitis. immune-
be viewed as a “dual-edged sword,” i.e., the response is
protective by intent, yet in susceptible patients who
exhibit an exaggerated inflammatory response to plaque, it
ultimately is responsible for perpetuating the destruction
of the periodontium[3]. This shift in paradigms, with

emphasis on host response, has led to the development of
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host modulatory therapies (HMTs) which can improve
therapeutic outcomes, slow the progression of a disease,
allow for more predictable management of patients, and
possibly even work as preventive agents against the
development of periodontitis. With this understanding of
the host response, various therapeutic modalities have
been developed to modulate periodontal tissue destruction,
which is known as host modulation therapy (HMT). This
present review highlights various host modulation
therapeutic agents and ongoing development of safe and
effective pharmacotherapies that specially target host
response mechanism.

Definition [4]

HMT is a treatment concept that aims to reduce tissue
destruction and stabilize or even regenerate the
periodontium by modifying or downregulating destructive
aspects of the host response and upregulating protective or
regenerative responses.

Rationale [5]

HMT do not switch off the normal defence mechanism or
inflammation, instead, they ameliorate excessive or

pathologically increased inflammatory processes to

amplify the opportunities for wound healing and

periodontal stability. Hence, basically it helps in

modulating host responses by downregulating the
destructive aspects or up regulating the protective aspects
of the host response.

Host
Mechanism Of Action (Salvi And Lang, 2005[6])

1. Modulation of AA metabolites.

Modulating  Agents  Classification  And

For example, nonsteroidal
(NSAIDs), triclosan.
2. Modulation of MMPs.

For example, tissue inhibitor metalloproteinases (TIMPS),

anti-inflammatory  drugs

tetracyclines.

3. Modulation of bone remodelling.
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For example, bisphosphonates.
4. Modulation of host cell receptors

For example, blockade of receptors for IL-1, tumour
necrosis factor (TNF), and advanced glycation end
products (AGES).

5. Modulation of nitric oxide synthase (NOS) activity
For example, mercaptoethylguanide.

Modulation of arachidonic acid (AA) metabolites:
NSAIDs

AA liberated from membrane phospholipids of cells after
tissue damage or stimulus is metabolically transformed,
via cyclooxygenase (COX) or lipooxygenase pathways,
into compounds with potent biological activities[7]. Over
decades, AA metabolites have been established as
mediators of tissue destruction in various inflammatory
diseases including rheumatoid arthritis and periodontal
diseases. In periodontal diseases, level of PGE2 has been
extensively increased in gingival tissues and in the
gingival crevice fluid, which correlates with inflammation
and bone resorption.

NSAIDs have been used to treat pain of acute or chronic
inflammation. They are effective in inhibition of PG
synthesis. They limit the progression of periodontitis
through their ability to reduce inflammation and bone
resorption[8] .Many authors have demonstrated the role of
NSAIDs like flurbiprofen,[9]

naproxen,[11] in inhibiting gingivitis and progression of

indomethacin,[10] and

periodontitis. However, adverse effects associated with

prolonged administration of nonselective
NSAIDs that possess both (COX-1 and COX-2 inhibitory

activity include gastrointestinal upset and haemorrhage,

systemic

and renal and hepatic impairment. These adverse events
associated with systemic use of NSAIDs have precluded
their incorporation into treatment regimens.

selective NSAIDs called coxibs (COX-2

inhibitors, nimesulide) have been developed that causes

Recently,

N
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significantly fewer serious gastrointestinal adverse
events.[16] To overcome these adverse effects, topical
administration of NSAIDs has been studied. Lipophilic
nature of these drugs facilitated their absorption into
gingival tissues. NSAIDs that have been evaluated for
topical administration include ketorolac tromethamine
rinse and S-ketoprofen dentifrice[12].

Triclosan

A non -ionic compound which has received interest as
both an antibacterial and anti-inflammatory agent is
triclosan. It inhibits COX and lipoxygenase, and thus may
interfere with the production of AA metabolites[13]. Use
of a dentifrice containing sodium fluoride (0.243%) and
(0.3%)

periodontal pockets and the number of sites exhibiting

triclosan reduced the frequency of deep
attachment and bone loss in patients deemed highly
susceptible to periodontitis.

Modulation of MMPs

The MMPs are an important family of zinc- and calcium
dependent endopeptidases secreted or released by a
host (fibroblasts,

neutrophils, macrophages, and endothelial cells) that

variety of cells keratinocytes,
function at neutral pH and utilize the various constituents
of the extracellular matrix as their substrates[14]. These
proteinases are involved in a number of physiological
events such as embryonic development, tissue
remodelling, and tooth eruption, in addition to various
pathological

processes such as periodontal disease,

arthritis,  cancer, diabetes, and osteoporosis[15]
.Inflammatory mediators such as IL-1, TNF-a, and PGE2
have been shown to upregulate MMP production in
several in vitro models. MMPs activation plays an
important role in extracellular matrix and basement
membrane degradation as well as in the modification of
cytokine action and activation of osteoclasts during

periodontal tissue destruction [16]. Inflammatory cells
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such as neutrophils and macrophages apart from
producing collagenase, produce MMPs which are
effective at degrading proteoglycans and fibronectin; and
thereby further increasing collagenase activity in
periodontal disease.

Subantimicrobial dose doxycycline (SDD) remains, at
present, the only systemic host response modulator
specifically indicated as an adjunctive treatment for
periodontitis. SDD is approved by the US Food and Drug
Administration (FDA), the UK Medicines, and Healthcare
Products Regulatory Agency, and by similar agencies in
other countries throughout the world, and was introduced
under the trade name Periostat (CollaGenex
Pharmaceuticals, Inc., Newtown, PA). It is a 20-mg dose
of doxycycline hyclate that is taken twice daily for periods
root surface

of 3-9 months as an adjunct to

instrumentation in the treatment of periodontitis.

Doxycycline, similarly to other members of the

tetracycline family, has the ability to downregulate MMPs

by a variety of synergistic mechanisms independent of any

antibiotic properties[17].

Effect of SDD

e Direct inhibition of active MMPs by cation chelation
(dependent on Ca2+ and Zn2+ binding properties)

¢ Inhibits oxidative activation of latent
MMPs(independent of cation-binding properties).

e Downregulates expression of key

(IL-1, IL-6, and TNF-a) and PGE2.

e Scavenges and inhibits production of reactive oxygen

inflammatory

cytokines

species produced by neutrophils.
e Stimulates fibroblast collagen production.
o Reduces osteoclast activity and bone resorption.
Modulation of bone remodeling
Bisphosphonates are widely utilized in the management of
systemic metabolic bone disease due to their ability to

inhibit bone resorption. Recently, new uses of this unique
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class of pharmacological agents have been suggested.
Given their known affinity to bone and their ability to
increase osteoblastic differentiation and inhibit osteoclast
recruitment and activity, there exists a possible use for
bisphosphonates in the diagnosis and management of
periodontal diseases. The effect of bisphosphonates on
bone metabolism is mediated through the suppression of
the interactions between the receptor activator of nuclear
factor kappa B (RANK) and its ligand (RANKL) as well
as osteoprotegerin. Given their affinity to bind to
hydroxyapatite crystals and inhibition of the development
of osteoclasts, induction of osteoclastic apoptosis, [18]
reduction of activity, [19] and stimulation of production of
an osteoclast inhibitory factor[20,21]. It has also been
shown that the bisphosphonate alendronate caused a rise
in intracellular calcium levels in an osteoclast-like cell line
and downregulation of bone resorption. Non-nitrogen-
containing bisphosphonates cause osteoclast apoptosis
through  activation of the

caspase  pathway

[22].Conversely, more potent nitrogen containing
bisphosphonates are not metabolized and appear to affect
protein prenylation and osteoclasts through inhibition of
the mevalonate pathway [23] .Limitations of these drugs
on prolonged use may lead to inhibition of bone
mineralization and subsequent osteomalacia, change in
white blood cell counts, and osteonecrosis of jaw (ONJ).
However, newer generation of bisphosphonates appear to
minimize this activity. Currently they are still under
investigation and may be soon available for treatment of
periodontitis [24].

Modulation of Cytokines and Their Receptors
Cytokines are regulatory proteins not only control the
survival, growth, differentiation and functions of cells but
also play a key role in all stages of immune response of
periodontal disease. Cytokines function as a network, are

produced by different cell types, and share overlapping
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features. This phenomenon is called biological
redundancy. Most of biological responses are mediated by
several different cytokines. Thus, blocking one

inflammatory mediator or cytokine will not assure that a
receptor-mediated response will not be activated by
alternate pathways. This would require the development of
polypharmaceutical approaches controlling all pathways
associated with inflammation and tissue destruction.
Proinflammatory cytokines such as TNF-a and IL-1p have
a key role in the initiation, regulation, and perpetuation of
innate responses of periodontal disease. It is established
that both IL and TNF have a variety of biological
activities that are known as the underpin tissue damage in
chronic inflammation, like in periodontitis [25].
Modulation of nitric oxide synthase (NOS) activity

NO is a short-lived molecule implicated in a wide range of
biological processes ranging from immune homeostasis to
cancer. It is synthesized in vivo from the substrate L-
arginine in response to inflammatory stimuli such as
bacterial LPS via inducible forms of NOS (iNOS). NO is a
highly reactive free radical reacting with metal and thiol
residues leading to lipid peroxidation, protein, and
deoxyribonucleic acid (DNA) damages and stimulation of
cytokine release. An exaggerated production of NO has
been implicated in the pathophysiology of several
inflammatory processes such as arthritis, colitis, and
ileitis.

Mercaptoalkylguanidines

Animal experiments have shown that pharmacological
inhibition of INOS with mercaptoalkylguanidines was
associated with decreased inflammation, hemorrhagic
shock, and arthritis scores [26]. This may be explained by
the fact that this (e.g.,

mercaptoethylguanidines (MEGSs) are able to: 1. Inhibit

class of drugs

COX 2. Scavenge peroxynitrite (i.e., the product of NO
and superoxide) 3. Block iNOS.
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Since NO activity has not been detected in the gingival
tissues of sterile animals, oral bacteria have been
postulated to trigger iINOS upregulation in periodontal
tissues.
Other Locally Administered Host Modulatory Agents
A number of local host modulatory agents like enamel
matrix derivatives (EMDs), growth factors, and bone
morphogenic proteins have been investigated for potential
use as adjuncts to surgical therapy, not only to improve
healing but also to stimulate regeneration of lost tissues,
periodontal ligament, and cementum; and thus completely
restoring complete periodontal attachment apparatus. The
only local host modulatory agent approved by FDA for
adjunctive use during surgery is Emdogain[27]. Other host
inflammatory mediators being investigated for modulation
include nuclear factor kappa B (NF-xB) and endothelial
cell adhesion molecules. However, the role of these
inflammatory mediators in periodontitis needs to be
evaluated[28].
Miscellaneous Host Modulating Agents
In addition to the above-discussed host modulating agents,
there have been certain other agents which were thought
to modulate the periodontal disease progression. These
have been summarized below:
(HOCI) and
the end-products of the

Hypochlorous acid taurine-N-
monochloramine (TauCl)
neutrophilic polymorphonuclear leukocyte respiratory
burst are HOCI and TauCl, play an important role in the
periodontal inflammatory process. They act together to
alter the inflammatory response by arresting the
production of PGs, IL-6 and other proinflammatory
substances [29].

Cimetidine Histamine (H2) receptor antagonist cimetidine,
blocks histamine’s inhibitory effects on immune response,
and thus acts as an immuno-inflammatory modulator by

increasing cyclic adenosine monophosphate levels and
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downregulating cytokines and arresting neutrophil

chemotaxis and superoxide production. In a study
conducted by Hasturk et al. prove that topically active
cimetidine is a potent inhibitor of Porphyromonas
gingivalis induced periodontal inflammation, can inhibit
tissue destruction and influence the inflammatory cells
[30].

Probiotics Oral administration of probiotics can benefit
periodontitis patients. The periodontal pathogens could be
targeted by means of antagonistic interactions, with the
application of Lactobacillus reuteri, which have shown the
reduction of gingival bleeding and inflammation. The
number of periodontal pathogens such as Bacteroides,
Actinomyces, Staphylococcus intermedius, and Candida
albicans were lowered by probiotic strains included in
periodontal dressings at an optimal concentration of 108
CFU ml [31].

Aloevera (AV) AV is a herbal product with antioxidant,
anti-inflammatory, antimicrobial, healing-promoting, and
immune-boosting properties. In a study by Pradeep et
al.,[32] AV gel used as an adjunct to SRP in the treatment
of patients with Type 2 diabetes mellitus and CP, showed
significantly greater improvement in clinical parameter
compared to placebo group.

Future Prospects

Immunoglobulin Y (IgY), GP are recommended to be an
effective immunotherapeutic agent in the treatment of
periodontitis. Pre -treatment of GP with IgYGP was
related with active inhibition of cell detachment, an
antibody against GP activity in vitro [33].

Conclusion

The

interactions and host immune-inflammatory response

improved understanding of the host-bacterial

leading to periodontal tissue destruction has led to the

development of HMT. Although the efficacy and LM

usefulness of host-modulating agents have been
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demonstrated by many clinical trials and have been

approved by FDA for the management of periodontitis,

the risk/benefit ratio relating to the use of these drugs has

yet to be established. Multicentre clinical trials are

necessary to fully evaluate the benefits of these agents and

to weigh their usefulness against the risks associated with

their long-term administration. Furthermore, continuous

research in this field would also enable fabrication of

individualized treatment for periodontal disease targeting

inflammatory host response.
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