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Hyalurenic acid (“IHAY);, alse calling Hyaltrenan, Isia
Raturally’ ececurng pelysaccharde consisting of linear
chains off alternating D-glucerenic acid and N-acetyl-ID=
glucesamine residues; that forms an impostant structural
element In the skin and connective tissues.



ihe domains strtcture: of iyalurenan hasiinteresting amnd
Impertant censeguences. Small moelecules suchras walter,
electrolytes andl nutrients' can freely diffuse: threugh the
selvent withinrthe domain. Hewever, large molecules such
as protems willfle: partially’ excluded frem the deomain
PEecalse of thelr hydredynamic Sizes in selutien. AS Siown
N the Eigure, the hyalurenan netwerk in the domain allows
less and less space for ether moelecules the larger they: are.



Inra nermal hiuman body: ( 70 kg ) there Is
about 15 g ofi HA.

IHali-of this mass ((56% ) IS contained Injthe
Auman skin ( 7-8'g ).

A highly: content of IHA'IS In the hasal
memirane and the papilan/ dermis.

Ifhe concentration efi HA goees down|in the
ieticular dermis.

The abselute content of IHA Inithe epidermal
cellular matrixis with 2-28mag/mil L0 times
RIgher thaniin the dermis.



HA IS strongly hydroephilic and
Perfermes a natural hydrating
functien Within the dermis anad
epIdermis;, prometing skin
SuUppleness.

The HA'Is not enly: a structure
former. It regulatedialse the
cellular precess of growth.



Predominant component ofi the
extracellular matriXx In the epidermis.

AN effective: scavenger or free
iadicals;

HAremoverandi clear noxious,
compouUnRds; frem the: epidermis.

Cells of the ImmUune: system move. in
andlout eff the epidermis. HA
facilitate the moevement ofi these
cells.

IHA enhiance the coenstant epidermal
cellular remodeling



IHA IS respensible for the motility
of the cells, regulation of the
griewiih anadldifferentiation, and
the weund healing pPrecess; by,
PINdING 16 CYIOKINES.

IR many: cases; the hyalurenaniis
erganized nto the: extracellular
matiix 19y SPECIfiC Interactions
WIth! GtREr maltrix
macromelecules.

IHA as a viSco-elastic nature
while presemnving a highilevel of
hydration ((water content 99%: ).



IHA IS synthesized through the enzymes
Hyaluroenic-Acid-Synthase ( HAS ).

Synthesis Is usually: halanceadr oy
catalelismi, thereby maintaining a
Constant concentration! IR the tisSsue.

Keratinecytes In epidermis; are: anotner
example of cellsi that actively synthesize
and catanelize hyaltrenan. In'this case,;
the haliflie of ahyalturenan moelecule s
surprsingly shert, Iess than'a aay.



Semetimes cells either predominantly
synthesize or they: catabolize hyalurenan.
Eor example the cells in the dermis; actively
synthesize more hyaluronan than they
catanolize:

e halilife off a hyalurenan melecule injthe
pleed IS Very short, only a few minutes.
Tissues injoints, such as the lining| cells; of
e jeint capsule off the knee, synthesize
yalurenan; and release: It into the synoevial
fitid, Where: It BECOmES a majer component
that contrilbutes to the viscoelastic
Properties ofi the fivid.

- hasi been  estinated that alnmest ene-thira

ofi the: tetal hyaltreonaniin the: Auman Bedy: IS
metaholically removed and replacead durng

an average aay.



The metabolism of hyaluronan in the epidermis.
Explants of adult human skin were incubated for
24 h with [3H]glucosamine.
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HA can be obtained from two
different sources:

Animal

sharvestied from rooster comis

Non-animeal
sPreduced by fermentation

Streptecoeccus equi
Bacillus subtilis



HA can be obtained from two different

SOUrCes:
Animal ( by extraction)

sAdvantage:  high MW possible ((uptersS MillfDalien)
s[Disadvantage: protein content, risk for allergic reactiens.

Nen-animal (Cby fermentation))
Streptecoccus equi Lancefield A and C

sAdvantage: — Norforeign hedy reactions, tayler made
VIV frem 50.000ite 2.5 Mill Dalten

s[Disadvantage: endetoxin content, IMMUNeIegIc reactions.
Bacillus sulbtilis

sAdvantage:  Endetoxin free
s[Disadvantage: Noei clinical' data for injectables.



Regulatany reguirements

Bas|C Infiermation; given: by the
EUropean Pharmacepoeia.

01/2005:1472 Sedium: Hyalurenate

IHAIS preduced by metneds of
manufacture designed: o minimise or
eliminate: Infectiousagents. WWhen
produced by fermentation of gram:
posItive: hacteria, the precess must e
shewn torreduce or eliminate: pyregenic
o) illlwflammatory components of the cell
wall.



Regulatary requirements

Bas|C Infiermation; given: by the
EUropean Pharmacepoeia.

01/2005:1472 Sedium: Hyalurenate

Micreniall contaminatien (‘animal seurce. ):

lotal aerebic viable count net more: than 102 micro-
Organisms; per gram.

Bacierallendetoxins (( Streptecoecel)):

Intended use intra-ecular or intra~articular removal of
pacterial endotexins, less thamn 0.05 IU/mg.



CONCLUSION

ihe punrty efithe HA depends, oni the
EHgIN and extractien/iselation
methoa.

Specially the content efi preteins and
endoetexins are Imporiant teravoid
S|ae effects aner implantation infthe
lISSUe: oK jeints.
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Because of the short duration In the

lissue, the rapid tissue turnover (24 hrs)

make; the: non-modified HA unsuitable
erF USe as an EXO0genous soft tissue
filler.

Chemicall cress-linking/reticulaton of
IHA results Inrthe fermation off anwater-
Inseluble Visco-elastic polymer with
Impreved resistance terenzymatic
degradatioen.

e chemical name of crosslinked HA'IS
HYLANFGEL ("Balazs 19891).



Hyalurenan (HA), an abundant nen-sulfated
glycosaminoglycan compoenent of synevial fluid and
extracellular matrices, Is an attractive building block for
new biocompatible and biedegradable polymers that have
applications;in drug delivery, tissue engineering, and
Viscosupplementation.

AVvariety of chemical medifications of native hyalurenan
have been devised to previde mechanically and
chemically/ relbust materials. The resuliing hyalurenan
derivatives have physicochemical properties that may.
significantly differ frem the native pelymer, but most
denvatives retain; the biocompatibility andhiodegradanility.

Tihe protetypicall medification|Is conVersion ofi the VIScous
sel form te a cress-linked hydregel (Eig. A).




There are three different chemical
Ssulstances accepted for cross-linking:

PVS (* Divinyisulfen)

BIDDE (“1,4-butanediol-diglycidyi-ether)

DME (Dimethyliormamice)



Croesslinking/Reticulation
sReactions of canboxyl greups

sReactions withl hydroxyl greups

This figure shews the chemical structure of
Ayallrenanwithithe twoe mest commonly. Used Sites
ofi cevalent modification: thercanexylic acid and
hydrexyl functienalities.

principal targets for chemical modification

D-Glucuronic acid
N -Acetyl D-Glucosamine




[ESsential reguirements

Hylan Gelis water-insoeluble; Butit Binds
water while injected inte the soft tissue. For
that reason It Is Important to saturate the
Hylan gel during the precess of
manuiacturing Withr nen:-cresslinked HA; as
a Wwater resenvelir, befere release the Hylan
Gel as a soit tissuerfiller.

AR imporant ISsue after the crosslinking
PrOCESS IS the determination) ofi the nen-
leacted crosslinker, because all of the
cresslinker are cytetexic. For that reasen It
IS mecessary, the the non-reacted
crosslinker has to be washed eut.
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N the last decade, Hyaluronic acid
1as been shewn 1o POSSESS many.
properties that suggest Ist value in
several medicall applicatiens:

= Ophthalnmelogy

= Orthepeadics

sUrelegy.

s SOt ISsUe augmentation
s\\Veund healing

s[Delivery system fier drugs



TThe effectiveness of IHA Is based on
the biecompatibility and the ViISco-
elastic property.

Non moedified IHA dees noet have
adeguate resistance e degradation.

Jje) ISe as a sefit tisste augmentaton
material it IS;necessany te; cresslink
the HA IR Hylan Gel.



TThe crosslinked IHA retained the
pIecempatinility’and bielegic
preperties like the non- medified
Sulstance.

Iihe infinite network of cress-linked
polysacchalide chains prevides a
materal Withr SUREr e residence: time
I dermal tissue.



Risks with Hylan Gel

Since 2000 we findf clinical papers,
shewing that the: Hylan Gel can
create nypersensitivity: reactiens.

LOWGZ Hyalurenic acid skin fillers. Adverse reactioon and skinjtesting
J Am Acad Derm. 2001;45:930-933

BI’OdyZ Use of Hyalurenidase in the treatment of granulematous
hyalurenic acid reactions.
Derm Surng 2005;31:893-897

Lu ptOﬂ s Cutaneous hypersinsitivity: reaction| to injectable haylurenic
acid gel.
Derm Surg 2000;26:135-137



J'he reaction described are

sAllergy tei the matenal

= MMURGIGYIC [ESPORSE! 16! Pretein
contaminantsiin the HA preparaton

slVlisplacement of the matenal



How! te treat this adverse reactions:?

Hyaltirenidase (f derived fliem; hovine
[esticular tissue)

TThis enzyme! is the first choice

IHyalurenidase! IS a seluble protein
Enzyme: that acts at the: site ofilecal
INjection; te; hreak downanad
ydrelyze hyalurenic aclid.
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