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I. I. HyaluronicHyaluronic acidacid



HyaluronicHyaluronic acidacid ( HA ), also ( HA ), also callingcalling HyaluronanHyaluronan, , isis a a 
naturallynaturally occuringoccuring polysaccharidepolysaccharide consistingconsisting of linear of linear 
chainschains of of alternatingalternating DD--glucoronicglucoronic acidacid and and NN--acetylacetyl--DD--
glucosamineglucosamine residuesresidues thatthat formsforms an an importantimportant structuralstructural
elementelement in in thethe skinskin and and connectiveconnective tissuestissues..



TheThe domaindomain structurestructure of of hyaluronanhyaluronan has has interestinginteresting and and 
importantimportant consequencesconsequences. Small . Small moleculesmolecules such as such as waterwater, , 
electrolyteselectrolytes and and nutrientsnutrients cancan freelyfreely diffuse diffuse throughthrough thethe
solvent solvent withinwithin thethe domaindomain. . HoweverHowever, large , large moleculesmolecules such such 
as as proteinsproteins will will bebe partiallypartially excludedexcluded fromfrom thethe domaindomain
becausebecause of of theirtheir hydrodynamichydrodynamic sizessizes in in solutionsolution. As . As shownshown
in in thethe FigureFigure,  ,  thethe hyaluronanhyaluronan networknetwork in in thethe domaindomain allowsallows
lessless and and lessless spacespace forfor otherother moleculesmolecules thethe larger larger theythey areare. . 



In a normal human In a normal human bodybody ( 70 kg ) ( 70 kg ) therethere isis
aboutabout 15 g of HA.15 g of HA.

Half of Half of thisthis massmass ( 56% ) ( 56% ) isis containedcontained in in thethe
human human skinskin ( 7( 7--8 g ).8 g ).

A A highlyhighly contentcontent of HA of HA isis in in thethe basalbasal
membranemembrane and and thethe papillarypapillary dermisdermis. . 
TheThe concentrationconcentration of HA of HA goesgoes down in down in thethe
reticularreticular dermisdermis..

TheThe absolute absolute contentcontent of HA in of HA in thethe epidermalepidermal
cellularcellular matrixmatrix isis withwith 22--4 mg/ml 10 4 mg/ml 10 timestimes
higherhigher thanthan in in thethe dermisdermis..



HA HA isis stronglystrongly hydrophilichydrophilic and and 
performesperformes a a naturalnatural hydratinghydrating
functionfunction withinwithin thethe dermisdermis and and 
epidermisepidermis, , promotingpromoting skinskin
supplenesssuppleness..

TheThe HA HA isis notnot onlyonly a a structurestructure
formerformer. . ItIt regulatedregulated also also thethe
cellularcellular processprocess of growth.of growth.



PredominantPredominant componentcomponent of of thethe
extracellularextracellular matrixmatrix in in thethe epidermisepidermis..

An An effectiveeffective scavengerscavenger of of freefree
radicalsradicals..

HA HA removeremove and and clearclear noxiousnoxious
compoundscompounds fromfrom thethe epidermisepidermis..

CellsCells of of thethe immune immune systemsystem movemove in in 
and out of and out of thethe epidermisepidermis. HA . HA 
facilitatefacilitate thethe movementmovement of of thesethese
cellscells..

HA HA enhanceenhance thethe constantconstant epidermalepidermal
cellularcellular remodelingremodeling



HA HA isis responsibleresponsible forfor thethe motilitymotility
of of thethe cellscells, , regulationregulation of of thethe
growth and growth and differentiationdifferentiation, and , and 
thethe woundwound healinghealing processprocess byby
bindingbinding to to cytokinescytokines..

In In manymany casescases thethe hyaluronanhyaluronan isis
organizedorganized intointo thethe extracellularextracellular
matrixmatrix byby specificspecific interactionsinteractions
withwith otherother matrixmatrix
macromoleculesmacromolecules..

HA has a HA has a viscovisco--elasticelastic nature nature 
whilewhile preservingpreserving a high a high levellevel of of 
hydrationhydration ( ( waterwater contentcontent 99% ).99% ).



HA HA isis synthesizedsynthesized throughthrough thethe enzymesenzymes
HyaluronicHyaluronic--AcidAcid--SynthaseSynthase ( HAS ).( HAS ).

Synthesis Synthesis isis usuallyusually balancedbalanced byby
catabolismcatabolism, , therebythereby maintainingmaintaining a a 
constantconstant concentrationconcentration in in thethe tissuetissue..

KeratinocytesKeratinocytes in in epidermisepidermis areare anotheranother
exampleexample of of cellscells thatthat activelyactively synthesizesynthesize
and and catabolizecatabolize hyaluronanhyaluronan. In . In thisthis casecase, , 
thethe half life of a half life of a hyaluronanhyaluronan moleculemolecule isis
surprisinglysurprisingly shortshort, , lessless thanthan a a dayday..



SometimesSometimes cellscells eithereither predominantlypredominantly
synthesizesynthesize oror theythey catabolizecatabolize hyaluronanhyaluronan. . 
For For exampleexample thethe cellscells in in thethe dermisdermis activelyactively
synthesizesynthesize moremore hyaluronanhyaluronan thanthan theythey
catabolizecatabolize. . 

TheThe half life of a half life of a hyaluronanhyaluronan moleculemolecule in in thethe
bloodblood isis veryvery shortshort, , onlyonly a a fewfew minutesminutes. . 
TissuesTissues in in jointsjoints, such as , such as thethe lininglining cellscells of of 
thethe jointjoint capsulecapsule of of thethe kneeknee, , synthesizesynthesize
hyaluronanhyaluronan and and releaserelease itit intointo thethe synovialsynovial
fluidfluid, , wherewhere itit becomesbecomes a a majormajor componentcomponent
thatthat contributescontributes to to thethe viscoelasticviscoelastic
propertiesproperties of of thethe fluidfluid. . 

ItIt has has beenbeen estimatedestimated thatthat almostalmost oneone--thirdthird
of of thethe total total hyaluronanhyaluronan in in thethe human human bodybody isis
metabolicallymetabolically removedremoved and and replacedreplaced duringduring
an an averageaverage dayday. . 



The metabolism of hyaluronan in the epidermis.
Explants of adult human skin were incubated for
24 h with [3H]glucosamine.
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II. Industrial II. Industrial 
ProductionProduction of HAof HA



HA HA cancan bebe obtainedobtained fromfrom twotwo
different different sourcessources::

AnimalAnimal

harvestedharvested fromfrom roosterrooster combscombs

NonNon--animalanimal

ProducedProduced byby fermentationfermentation

StreptococcusStreptococcus equiequi
BacillusBacillus subtilissubtilis



HA HA cancan bebe obtainedobtained fromfrom twotwo different different 
sourcessources::
AnimalAnimal ( ( byby extractionextraction ))

Advantage:      high MW Advantage:      high MW possiblepossible ( up to 5 ( up to 5 MillMill Dalton )Dalton )
DisadvantageDisadvantage: : proteinprotein contentcontent, , riskrisk forfor allergicallergic reactionsreactions..

NonNon--animalanimal ( ( byby fermentationfermentation ))

StreptococcusStreptococcus equiequi LancefieldLancefield A and CA and C

Advantage:      No Advantage:      No foreignforeign bodybody reactionsreactions, , taylortaylor mademade
MW MW fromfrom 50.000 to 2.5 50.000 to 2.5 MillMill DaltonDalton

DisadvantageDisadvantage: : endotoxinendotoxin contentcontent, , immunologicimmunologic reactionsreactions..

BacillusBacillus subtilissubtilis

Advantage:      Advantage:      EndotoxinEndotoxin freefree
DisadvantageDisadvantage: No : No clinicalclinical datadata forfor injectablesinjectables. . 



RegulataryRegulatary requirementsrequirements

Basic Basic informationinformation givengiven byby thethe
European European PharmacopoeiaPharmacopoeia..

01/2005:1472 01/2005:1472 SodiumSodium HyaluronateHyaluronate

HA HA isis producedproduced byby methodsmethods of of 
manufacturemanufacture designeddesigned to to minimiseminimise oror
eliminateeliminate infectiousinfectious agentsagents. . WhenWhen
producedproduced byby fermentationfermentation of gramof gram--
positive positive bacteriabacteria, , thethe processprocess mustmust bebe
shownshown to to reducereduce oror eliminateeliminate pyrogenicpyrogenic
oror inflammatoryinflammatory componentscomponents of of thethe cellcell
wall.wall.



RegulataryRegulatary requirementsrequirements

Basic Basic informationinformation givengiven byby thethe
European European PharmacopoeiaPharmacopoeia..

01/2005:1472 01/2005:1472 SodiumSodium HyaluronateHyaluronate

MicrobialMicrobial contaminationcontamination ( ( animalanimal sourcesource ): ): 

Total Total aerobicaerobic viableviable countcount notnot moremore thanthan 1010²² micromicro--
organisms per gram.organisms per gram.

Bacterial Bacterial endotoxinsendotoxins ( Streptococci ):( Streptococci ):

IntendedIntended useuse intraintra--ocularocular oror intraintra--articulararticular removal of removal of 
bacterialbacterial endotoxinsendotoxins, , lessless thanthan 0.05 IU/mg.0.05 IU/mg.



CONCLUSIONCONCLUSION

TheThe puritypurity of of thethe HA HA dependsdepends on on thethe
originorigin and and extractionextraction//isolationisolation
methodmethod..

SpeciallySpecially thethe contentcontent of of proteinsproteins and and 
endotoxinsendotoxins areare importantimportant to to avoidavoid
sideside effectseffects afterafter implantationimplantation in in thethe
tissuetissue oror jointsjoints..
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III. III. ReticulationReticulation. . 
CrossCross--linkinglinking



BecauseBecause of of thethe shortshort durationduration in in thethe
tissuetissue, , thethe rapid rapid tissuetissue turnoverturnover (24 (24 hrshrs) ) 
makemake thethe nonnon--modifiedmodified HA HA unsuitableunsuitable
forfor useuse as an as an exogenousexogenous soft soft tissuetissue
fillerfiller..

Chemical Chemical crosscross--linkinglinking//reticulationreticulation of of 
HA HA resultsresults in in thethe formationformation of an of an waterwater--
insolubleinsoluble viscovisco--elasticelastic polymer polymer withwith
improvedimproved resistanceresistance to to enzymaticenzymatic
degradationdegradation..

TheThe chemicalchemical namename of of crosslinkedcrosslinked HA HA isis
HYLAN GEL ( HYLAN GEL ( BalazsBalazs 1989 ).1989 ).



HyaluronanHyaluronan (HA), an (HA), an abundantabundant nonnon--sulfatedsulfated
glycosaminoglycanglycosaminoglycan componentcomponent of of synovialsynovial fluidfluid and and 
extracellularextracellular matricesmatrices, , isis an an attractiveattractive buildingbuilding block block forfor
newnew biocompatiblebiocompatible and and biodegradablebiodegradable polymerspolymers thatthat havehave
applicationsapplications in in drugdrug delivery, delivery, tissuetissue engineeringengineering, and , and 
viscosupplementationviscosupplementation. . 

A A varietyvariety of of chemicalchemical modificationsmodifications of native of native hyaluronanhyaluronan
havehave beenbeen deviseddevised to to provideprovide mechanicallymechanically and and 
chemicallychemically robust robust materialsmaterials. . TheThe resultingresulting hyaluronanhyaluronan
derivativesderivatives havehave physicochemicalphysicochemical propertiesproperties thatthat maymay
significantlysignificantly differdiffer fromfrom thethe native polymer, native polymer, butbut mostmost
derivativesderivatives retainretain thethe biocompatibilitybiocompatibility and and biodegradabilitybiodegradability. . 

TheThe prototypicalprototypical modificationmodification isis conversionconversion of of thethe viscousviscous
solsol form to a form to a crosscross--linkedlinked hydrogelhydrogel ( Fig. A ).( Fig. A ).



ThereThere areare threethree different different chemicalchemical
substancessubstances acceptedaccepted forfor crosscross--linkinglinking::

DVS ( DVS ( DivinylsulfonDivinylsulfon ))

BDDE ( 1,4BDDE ( 1,4--butanediolbutanediol--diglycidyldiglycidyl--ether)ether)

DMF (DMF (DimethylformamideDimethylformamide))



CrosslinkingCrosslinking//ReticulationReticulation

ReactionsReactions of of carboxylcarboxyl groupsgroups

ReactionsReactions withwith hydroxylhydroxyl groupsgroups

ThisThis figurefigure showsshows thethe chemicalchemical structurestructure of of 
hyaluronanhyaluronan withwith thethe twotwo mostmost commonlycommonly usedused sitessites
of of covalentcovalent modificationmodification: : thethe carboxyliccarboxylic acidacid and and 
hydroxylhydroxyl functionalitiesfunctionalities. . 



Essential Essential requirementsrequirements

HylanHylan Gel Gel isis waterwater--insolubleinsoluble, , butbut itit bindsbinds
waterwater whilewhile injectedinjected intointo thethe soft soft tissuetissue. For . For 
thatthat reasonreason itit isis importantimportant to to saturatesaturate thethe
HylanHylan gelgel duringduring thethe processprocess of of 
manufacturingmanufacturing withwith nonnon--crosslinkedcrosslinked HA, as HA, as 
a a waterwater reservoirreservoir, , beforebefore releaserelease thethe HylanHylan
Gel as a soft Gel as a soft tissuetissue fillerfiller..

An An importantimportant issueissue afterafter thethe crosslinkingcrosslinking
processprocess isis thethe determinationdetermination of of thethe nonnon--
reactedreacted crosslinkercrosslinker, , becausebecause all of all of thethe
crosslinkercrosslinker areare cytotoxiccytotoxic. For . For thatthat reasonreason itit
isis necessarynecessary, , thethe thethe nonnon--reactedreacted
crosslinkercrosslinker has to has to bebe washedwashed out.out.
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IV. IV. EffectivenessEffectiveness
and and RisksRisks



In In thethe last last decadedecade, , HyaluronicHyaluronic acidacid
has has beenbeen shownshown to to possesspossess manymany
propertiesproperties thatthat suggestsuggest ist ist valuevalue in in 
severalseveral medicalmedical applicationsapplications::

OphthalmologyOphthalmology
OrthopedicsOrthopedics
UrologyUrology
Soft Soft tissuetissue augmentationaugmentation
WoundWound healinghealing
Delivery Delivery systemsystem forfor drugsdrugs



TheThe effectivenesseffectiveness of HA of HA isis basedbased on on 
thethe biocompatibilitybiocompatibility and and thethe viscovisco--
elasticelastic propertyproperty..

Non Non modifiedmodified HA HA doesdoes notnot havehave
adequateadequate resistanceresistance to to degradationdegradation..
To To useuse as a soft as a soft tissuetissue augmentationaugmentation
material material itit isis necessarynecessary to to crosslinkcrosslink
thethe HA in HA in HylanHylan Gel.Gel.



TheThe crosslinkedcrosslinked HA HA retainedretained thethe
biocompatibilitybiocompatibility and and biologicbiologic
propertiesproperties likelike thethe nonnon-- modifiedmodified
substancesubstance..
TheThe infinite infinite networknetwork of of crosscross--linkedlinked
polysaccharidepolysaccharide chainschains providesprovides a a 
material material withwith superiorsuperior residenceresidence time time 
in in dermaldermal tissuetissue..



RisksRisks withwith HylanHylan GelGel

SinceSince 2000 2000 wewe find find clinicalclinical paperspapers, , 
showingshowing thatthat thethe HylanHylan Gel Gel cancan
createcreate hypersensitivityhypersensitivity reactionsreactions..

LoweLowe: : HyaluronicHyaluronic acidacid skinskin fillersfillers. . AdverseAdverse reactioonreactioon and and skinskin testingtesting
J Am J Am AcadAcad DermDerm. 2001;45:930. 2001;45:930--933933

Brody: Brody: UseUse of of HyaluronidaseHyaluronidase in in thethe treatmenttreatment of of granulomatousgranulomatous
hyaluronichyaluronic acidacid reactionsreactions..
DermDerm SurgSurg 2005;31:8932005;31:893--897897

Lupton:Lupton:CutaneousCutaneous hypersinsitivityhypersinsitivity reactionreaction to to injectableinjectable hayluronichayluronic
acidacid gel.gel.
DermDerm SurgSurg 2000;26:1352000;26:135--137137



TheThe reactionreaction describeddescribed areare

AllergyAllergy to to thethe materialmaterial

ImmunologicImmunologic responseresponse to to proteinprotein
contaminantscontaminants in in thethe HA HA preparationpreparation

MisplacementMisplacement of of thethe materialmaterial



HowHow to to treattreat thisthis adverseadverse reactionsreactions??

HyaluronidaseHyaluronidase ( ( derivedderived fromfrom bovinebovine
testiculartesticular tissuetissue))

ThisThis enzymeenzyme isis thethe firstfirst choicechoice
HyaluronidaseHyaluronidase isis a a solublesoluble proteinprotein
enzymeenzyme thatthat actsacts at at thethe sitesite of of locallocal
injectioninjection to to breakbreak down and down and 
hydrolyzehydrolyze hyaluronichyaluronic acidacid..
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