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Hyaluronic Acid - A Boon To Periodontal Therapy
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Abstract:

Hyaluronic acid is a naturally occuing linear polysaccharide of the extracellular matrix of connective
tissue, synovial fluid, and other tissues. Its use in tartrent of the inflammatpprocess is established.
In the field of dentisy; hyaluonic acid has shown anti-inflammayoand anti-bacterial effects in the
treatment of periodontal diseases. Due to its tissue healopepies, it could be used as an adjunct to
mechanical therapy in thegatment of periodontitis. Ftirer studies a required to determine the clinical
efficacy of hyalusnic acid in healing of periodontal lesion. The aim of thespnt eview article is to
discuss theale of hyaluonic acid in periodontal therapy
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Background:

Periodontal diseases are one of the biggest reasonsrfoan amorphous matrix of glycosaminoglycan.
tooth loss. Periodontitis is an inflammatory disease Bifyaluronic acid (HA; synonyms- Hyaluronan,
the periodontium which elicits an immune respondgéyaluronate) is the most abundant glycosaminoglycan
resulting in the loss of supporting structures of the teethhigher molecular weight in the extracellular matrix of
[1]. Itis present in all age ranges of population fromsoft periodontal tissues [3]. It fulfills a variety of functions
children to the elderlyrhe usual modes of treatment fothat are vital to the maintenance of healthy periodontal
periodontitis include informing the patient of the diseas@gament. Hyaluronic acid was isolated from the vitreous
oral hygiene instructions, scaling and root planninpdy of the eye by Karl Meyer about 70 years ago.
periodontal surgery if indicated and in some cases fhiee classical sources for its isolation, besides the vitreous
administration of systemic and local chemotherapeubody have been joint fluid, umbilical cord, rooster comb
agents [2]. Howeverthe final success rate of theand certain strains of streptococci. It is synthesized in
treatment depends upon the status and maintenanaheflasma membrane of fibroblasts and other cells by
oral hygiene. the addition of activated monosaccharide to the reducing

The periodontal connective tissue contains fibrillargd Of the polysaccharide polymer [4].

structures like collagen, elastic fibres and reticular fibréstroduction:

Hyaluronic acid (HA) is a naturally occurring linear
Professor, “Reader,"Post graduate students Department of polysaccharide of the extracellular matrix of connective
Periodontology and Implantology, Rural Dental College, LONI tissue, synovial fluid, and other tissues. It possesses
various physiological and structural functions, which
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the tissue. Extensive studies on the chemical affdmula of HA has been explained in Figuré/hst
physicochemical properties of HA and its physiologicgells of the body are capable of synthesizing hyaluronic
role in humans have proved that it is an ideal biomater@gid and synthesis takes place in the cell membrane.
for cosmetic, medical, and pharmaceutical applicatioridyaluronan binds to many other extracellular matrix
molecules, binds specifically to cell bodies through cell

been conducted by Pagnaccodanigelisti in 1997[5]. surface receptors, and has a uniqgue mode of synthesis
HA has shown antinflammatory anti oedematous in which the molecule is extruded immediately into the

and antibacterial effects for the treatment of periodont@<tracellular space upon formation [10}.
disease, which is mainly caused by the microorganisRroperties of HA:

presentin subgingival plaque. It has been found that 4R has unique physiochemical and biological properties,
equilibrium between the free radicals/reactive 0xyg&fhich makes it useful in the treatment of the inflammatory
species (ROS) and antioxidants is the major prerequigii® cess in medical areas such as orthopedics,

for healthy periodontal tissue. Individuals suffering frorgermatologyand ophthalmology [Figure 2].
the periodontitis might be at higher risk of develOpinﬁaYrgroscopic nature

other systemic inflammatory diseases like cardiovascu
diseases and diabetes [6]. While, Pendstd found HA is one of the most hygroscopic molecules known in
that the total antioxidant capacity is inversely proportionafiture. When HA is incorporated into aqueous solution,
to the severity of inflammation and can be used a§¥drogen bonding occurs between adjacent carboxyl
useful marker of periodontitis in health and diabet@nd Nacetyl groupshs a physical background material,
patients [7]. Howeveit is also conceivable that HA it has functions in space filling, lubrication, shock
administration to periodontal wound sites could achie@®sorption and protein exclusiod[1

beneficial effects in periodontal tissue regeneration avidcoelastic properties

periodontal disease treatment [8].

In the field of dentistrypreliminary clinical trials have

Hyaluronan as a viscoelastic substance assists in
History periodontal regenerative procedures by maintaining
HA was discovered in 1934 by Meyet al. John SPaces and protecting surfaces. Through recognition of
Palmer scientists at Columbia UniversityewYork, its viscoelastic nature, HA can influence the cell functions
whoisolated a chemical substance from the vitreous jéfj@it modify the surrounding cellular and the extracellular
of cow’s Eyes [9]They proposed the name H& it Micro and macro environments. The viscoelastic
was derived from the Greek word hyalos (glass) aRéoperties of the material may slow the penetration of
contained two sugar molecules one of which was uroMiguses, and bacteria, a feature of particular interest in
acid At the time, they did not know that the substandB€ treatment of periodontal diseaség.[1

which they had discovered would prove to be one Bécteriostatic effect

the most interesting and useful natural macromolecules,ant studies on regenerative surgical procedures
Chemistry: indicate that reduction of bacterial burden at the wound

Hyaluronic acid (HA) is naturally occurring non sulphatedit® may improve the clinical outcome of regenerative
glycosaminoglycan with high molecular weight of 4,000herapy The high concentration of medium and lower
20,000,000 daltons. The precise chemical structurdBplecular weight HA has the greatest bacteriostatic
HA contains repeating units ofglucoronic acid and €ffect,  particularly on Aggregatibacter
N—acetyld glucosamine. The primary structure of th@Ctinomycetemcomitans;revotella orisand
polysaccharide comprises of an unbranched linear chaiPhylococcus agusstrains, which are commonly
with the monosaccharides linked together throudfund inoral gingivallesions and periodontal wouAds.
alternating 41,3 and 1,4 glycosidic bonds. The structurical application of HA membranes, gels, and sponges
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during the surgical therapy may reduce the bacterailthe highly purified form, Hyaluronan has already found
contamination of sgical wound site, therepigssening medical applications for many years. Some important
the risk of postsurgical infection and promoting morelinical applications are:

predictable regeneration [12] 1. Itis used as dermal filler in the field of cosmetic
Biocompatibility and non antigenicity dermatology

The highly biocompatible and nammunogenic nature 2. Scar formation in the surgical wounds can be
of HA has led to its use in a number of clinical prevented by the administration of HA during
applications, which include: The supplementation of joint  suigery

fluid in arthritis; as a surgical aid in eye surgery; and tg Many reports have attested to the effects of
facilitate the healing and regeneration of bone, surgical exogenous Hyaluronan in producing beneficial
wounds and periodontal tissue. Modifications to  \yound healing outcomes.

Hyaluronan include esterification and crdisging to
provide some structure and rigidity to gel for seleding
purposes. These biopolymers are completely
biodegradable and support the growth of fibroblastsy- In ophthalmologyfor treatment of cataract and
chondrocytes and mesenchymal stem cells. xeropthalmia.

Antiinflammatory 6. Hyaluronan has also been explored in the field of
tissue engineering. Because of its significant role
during organogenesis, cell migration and
developmentin general.

4. In orthopedics, for treatment osteoarthritis of the
knee and rheumatoid arthritis.

HA has the antinflammatory effect, which may be due
to the action of exogenous Hyaluronan as a scavenger

by draining prostaglandins, metalloproteinases and other
7. Madifications to Hyaluronan include esterification

_ and crosslinking to provide some structure and
Antioedematous rigidity to gel for the cellseeding purpose.

The antioedematous effect of HA may also be relatecg_ More recentlyHA has been investigated as a drug
to the osmotic activityDue to its acceleration in tissue delivery agent for various routes of administration
healing _properties, it could be used as an adjunct to including ophthalmic, nasal, pulmonaparenteral,
mechanical therapy [14]. and topical [16].

Antioxidant Hyaluronan has many structural and physiological
In a somewhat contradictory role, howewsaluronan functions within tissues, including extracellular and cellular
may regulate the inflammatory response, acting asiateractions, growth factor interaction and in the
antioxidant by scavenging reactive oxygen speciesgulation of osmotic pressure and tissue lubrication,
(ROS). Thus, hyaluronan may help to stabilize thehich help maintain the structural and homeostatic
granulation tissue matrix [15]. integrity of tissues [17].

Functions and Uses of HA Modulation of inflammation

bio active molecules [13].

HA has a lot of important physiological and biologicah the initial stages of inflammation:

functions. It plays a structural role in cartilage and other, £nhanced inflammatory cell and extracellular matrix
tissues. It associates with proteins that are enriched in g infiltration into the wound site

the other types of glycosaminoglycans to form
proteoglycans. HA is directly or indirectly related to
many cell functions like cell proliferation, recognition,

and locomotion, which will contribute to its tissue healing * Organization and stabilization of granulation tissue
properties [16]. Because of its unique physiochemical matrix.

properties and most importantly the nommunogenicity

* Elevation in proinflammatory cytokine production
by inflammatory cells and extracellular matrix cells.
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» Scavenges reactive oxygen species, such @memotherapeutic agents provide a better treatment
superoxide radical (:foand hydroxyl radical (-OH) strategyThe most common chemotherapeutic agents
thus preventing periodontal destruction. are antimicrobials and anitiflammatory drugs. They

are administered either systemically or topicapical

antimicrobial agents for the treatment of periodontal

diseases include chlorhexidine, tetracyclines, and
metronidazole. HA is a recent addition to the local
chemotherapeutic agents. It has shown a number of

The remarkable hydrophilicity of the hyaluronic acidlinical therapeutic properties.

makes the coagulum more receptive and thus more "kﬁMe of HA in Periodontal Wound Healing

to undergo colonization by the cells committed to the _ ] _ _
reconstruction of the damaged tissue by migratio'ﬁ',eal'ng of periodontal wound includes a series of highly

proliferation and differentiation of mesenchymal and bad&Producible and rigidly controlled biologic events
keratinocytes [18]. (inflammation, granulation tissue formation, epithelium

formation and tissue remodelling) which begin with chemo
attraction of cells that accumulate and debride the injured
Low molecular weight hyaluronic acid has a marketissue, foreign material, and microbial cells . These events
angiogenic déct whereas, surprisinglyigh molecular end with the formation and maturation of new
weight has the opposite effect. extracellular matrix that restore resistance of tissue to

Osteoconductive potential functional stress.

Hyaluronic acid accelerates the bone regenerationlBffammatory phase
means of chemotaxis, proliferation and successimgaluronan has numerous roles in the initial inflammatory
differentiation of mesenchymal cells. Hyaluronic acigtages such as the provision of a structural framework
shares bone induction characteristics with osteogenia the interaction of Hyaluronan with the fibrin clot,
substances such as bone morphogenetic protein-2 aihith modulates hostinflammatory and extracellular
osteopontin. matrix cell infiltration into the inflamed sitelakansson
Carrier function et al suggested role of Hyaluronan in migration and
Hyaluronic acid may act as biomaterial scaffold for othéazlrd herence of polyr_norphonu_c lear leukocytes and_
macrophages at the inflamed site and the phagocytosis
molecules, such as BMP-2 and PDGF-BB, used in ... ) ) .
: . . . andkilling of invading microbeSuch events would allow
guided bone regeneration techniques and tissue . N . :
: . counteraction of colonization and proliferation of
engineering research [19]. . . L N .
o _ _ anaerobic pathogenic bacteria in the gingival crevice and
Role of hyaluronic acid in the treatment of periodontitis  5djacent periodontal tissues. Hyaluronan itself may also
HA is an essential component of the periodontal ligameaevent periodontal pathogen colonization by directly
matrix and plays various important roles in cell adhesigpreventing microbial proliferatioryaluronan may also
migration and differentiation mediated by the various Hidirectly act to moderate inflammation and stabilize the
binding proteins and celburface receptors such agranulation tissue by preventing degradation of the
CD44. HA has been studied as a metabolite or diagnostidracellular matrix proteins by serine proteinases derived
marker of inflammation in the gingival crevicular fluidfrom inflammatory cells as healing progresses.
(GCF) as well as a significant factor in growthHyaluronan also induces the production of

development and repair of tissues. proinflammatory cytokines by fibroblasts, keratinocytes,

Based on current evidence in literature, it is now knoviig Mentoblasts and osteoblasts which promote the
that along with mechanical therapyse of inflammatory response and consequently stimulate

* Inhibition of inflammatory cell-derived serine
proteinases.

Stimulation of cell migration, proliferation and
differentiation

Effect on angiogenesis

hyaluronan synthesis by endothelial cells [20].
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Granulation phase and reepithelisation

During granulation phase, Hyaluronan promotes cell
proliferation, migration of matrix cells into granulation
tissue matrix and granulation tissue organization. In non
mineralized inflamed tissues, Hyaluronan is transiently
elevated during the formation of granulation tissue and
the re establishment of the epithelium. During the
granulation tissue phase, HA in mineralized tissues is
gradually replaced by a provisional mineralized callus.
In later stage of the granulation phase, Hyaluronan
synthesis ceases and existing Hyaluronan is
depolymerized by hyaluronidases resulting in the
formation of lower molecular weight Hyaluronan
molecules and an alteration in the composition of the
granulation tissue. Low molecular weight Hyaluronan
fragments formed following hyaluronidase activity
promote the formation of blood vessels (angiogenesis)
within wound sites, although the precise mechanism of
action is unknown.

Bone regeneration

HA accelerates the bone regeneration by means of
chemotaxis, proliferation and successive differentiation
of mesenchymal cells. HA shares bone induction

Figure 1: Structure of Hyaluronan.

Figure 2: Properties of Hyaluronic Acid

characteristics with osteogenic substances such as J3géerences:

morphogenetic protei@ and osteopontin. 1.
Effect on angiogenesis

It has been found that low molecular weight HA has
marked angiogenic fefct whereas, surprisingligigh
molecular weight has the opposite effect.

Conclusion

Itis evident that Hyaluronan has a multifunctional role in3'
the wound healing process with a similar mechanism of
healing potentially existing within periodontal tissées.

a consequence of the many functions attributed to
Hyaluronan during wound healing, advances have be
made in the development and application of Hyaluronan’
based biomaterials in the treatment of various
inflammatory conditionsHence, further longterm
longitudinal studies with certain standards such as
application time, quantity of application, different forms>-

HaffajeeA D, Socransky S S. Microbiological and
etiologic agents of destructive periodontal diseases.
Periodontol 2000 1994;5:7841

2. Slots J. The search for effective, safe, and affordable

periodontal therapyPeriodontol 2000 2002;28:9—
1.

Mesa F L,Aneiros J, Cabrerd, Bravo M,
Caballerdr, Revelles Fdel Moral R GO'Valle E
Antiproliferative effect of topic hyaluronic acid gel.
Study in gingival biopsies of patients with periodontal
disease. Histol Histopathol 2002;17:747-53.

2 Prehm Pldentification and regulation of the

eucaryotic hyaluronate synthase. The biology of
hyaluronan. Ciba foundation symposium
1989;143:21-40.

Pagnaccé, Vangelisti R, Erra C, Poria Double

and concentration needs to be carried out to understand blind clinical trial versus placebo of a new sodium

therapeutic ééct of HAIn a better way

12

hyaluronate based gingival gelttual Ter In
1997;15:17.



Anuradha Bhosalet al : Hyaluronic Acid -A Boon ....

Pravara Med Rev 2016;8(1)

6. Pihlstrom B L, Michalowicz B S, JohnsonwWl 15.

10.

11.

12.

13.

14.

Periodontal diseases. Lancet 2005;366:1809
Pendyala Grhomas B, Joshi S R. Evaluation of

total antioxidant capacity of saliva in type 2 diabetit.6.

patients with and without periodontal diseAsease
control studyNAmM J Med Sci 2013;5:57.

Moseley R,Waddington R J, Embery.G
Hyaluronan and its potential role in periodontal
healing. Dent Update 2002;29:184

hyaluronic acid as dermal filldndian J Dermatol
Venereol Leprol 2004;70:383.

Rahemtulla FProteoglycans of oral tissues. Crit8:

Rev Oral Biol Med 1992:3:3-67.

SutherlandW. Novel and established applicationslg-

of microbial polysaccharidestends Biotechnol
1998;16:416.

Pirnazar PWolinsky L, Nachnani S, Haake S,
Pilloni ABernard GW Bacteriostatic éécts of
hyaluronic acid.J Periodontol 1999;70:320

17.
. Vedamurthy M. Soft tissue augmentation: Use of

Waddington R J, Moseley R, EmberyR&active
oxygen species potential role in the pathogenesis
of periodontal diseases. Oral Dis 2000;6: 538

Samuel S K, Hurta R, Spearman M\, Wright J

A, Turley EA, Greenbey A H. TGF beta 1
stimulation of cell locomotion utilizes the hyaluronan
receptor RHAMM and hyaluronan. J Cell Biol
1993;123:74958.

Weigel PH, Frost S J, McGary T, LeBoeuf R
D. The role of hyaluronic acid in inflammation and
wound healing. Int Jissue React 1988;10:355-
65.

Toole B PHyaluronan in morphogenesis. Semin
Cell Dev Biol 2001;12:79-87.

Deed R, Rooney, Rumar PNorton J D, Smith
J, Freemom J. Early response gene signalling is
induced by angiogenic oligosaccharides of
hyaluronan in endothelial cells. Inhibition by non-
angiogenic, highmolecular-weight hyaluronan. IntJ
Cancer 1997;71:251-6.

20. Mendes R M, Silva @, Lima M F, Calliari MV,

Laurent T C, Laurent U B, Fraser J R. Functions
of hyaluronanAnn Rheum Dis 1995;54:4292.

Jentsch H, Pomowski R, Kundt Gécke R.
Treatment of gingivitis with hyaluronan. J Clin
Periodontol 2003;30:1584

13

Almeida A P, Alves J B. Sodium hyaluronate
accelerates the healing process in tooth sockets of
rats Arch Oral Biol 2008;53:155-62.



