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SULPHATED HYALURONI C ACI D FOR TREATI NG DEGENERATI VE
OSTEOQARTHRI TI S SUBJECT OF THE | NVENTI ON The present
WO pooensiedn rel ates to oral and intra-articul arPCTI/EP2007/003920
formul ati ons based on sul phated hyal uroni c acid which
are effective in the treatnment of degenerative
osteoarthritis. FIELD OF I NVENTION Gsteoarthritis (QA)
R S o R T
thlns and deteriorates followng | oss of the ceIIuIar
and extracel |l ul ar conponent, and can even di sappear
entirely. The causes of the disease are only partly
clear. They basically seemto involve a series of
processes triggered by a nechanical inbal ance that
affects the entire joint, for exanple after a traum
or SUBIGCELF FTHEINVENESTIENt he cartilage there is a
del i cate bal ance between destruction of the exhausted
ext Theepesentr imegntion ankitéortonorabnangd intrasarticodan formulations
All this depends |largely on enzynmes produced by the
basedondr sudpheted hyaleirbnicaacrcbwﬁungmreof:ffjeotlnc imathd freatment of
the event of an excessive or unbal anced |oad on the
degaiemativeostaviakdurites. ory situation arises. This triggers
the rel ease of inflanmatory cytokines which, in turn,
st | FEDeOFHN ¥EMBIMNyt es t o produce met al | opr ot eases
(MW), enzynes responsible for cartilage destruction,
t huO'staoastirifes t (A Dalsar everdt wOMERN d§rar¢dlaracterlsed by
degradation of the extracellular matrix.
progepesive fdegomeration wieths wnﬁet@éwm@swmcmetbam apgdedeteriorates

cel] death processes which affect the chondroctyt
foligwing ess @nthe wedudamnead: exireseldylps  gompenent, and can even

disappear entirely. The causes of the disease are only partly clear. They

basically seem to involve a series of processes triggered by a mechanical
imbalance that affects the entire joint, for example after a trauma or
mechanical stress. Inside the cartilage there is a delicate balance between
destruction of the exhausted extracellular matrix and formation of intact
matrix. All this depends largely on enzymes produced by the chondrocytes, a
cellular component of joint matrix. In the event of an excessive or unbalanced
load on the joint, an inflammatory situation arises. This triggers the release of
inflammatory cytokines which, in turn, stimulate the chondrocytes to produce
metalloproteases (MMP), enzymes responsible for cartilage destruction, thus
altering the balance between synthesis and degradation of the extracellular
matrix. The scientific literature also describes in detail the cell death processes
which affect the chondrocytes when they come into contact with substances
produced by the breakdown of the matrix (Cao et al., Exp Cell Res, 1999,
246:527-37).

In view of the factors described above, degenerative osteoarthritis can
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produced by the breakdown of the matrix (Cao et al.
Exp Cell Res, 1999, 246:527-37). In view of the
wo awvass7descri bed above, degenerative osteoarPdT/EP2087/003920
canbe defined as a chronic disease which normally
occurs after an initial acute stage of inflanmation,
kngwn as inflammuatory osteparthritjs. The presence or
be SEUBRECAGA Gl ORiS ISRATE VDI ROEMA Y1 9reurs after apdnipl acute
b yt ki nes .and MVPs toget her with ot her supstances)
Sta&%/ §§" ilaﬁansrné@onhknawms Mmlammaent gsispagbridis. (e presence or
' Iannatoré osteoarthritis) fromthe chronic

ab%%iaﬁg ﬁ?ﬁéiﬁt MALeELBate #d das st (GRS Ry gytokings and MMPs
togETEs i Do AGE SHPSIRCE A et BIER T e absrATHY dnCamgmatogy diage of
thecdREMS GTamB NG P L) T ok Fis. T iy ngvciflgmmatory
stags, (Hapoegabye aatioshiBal cerhealiis, PueoRdhritisafogy not only
occifr‘{q%i E‘?c@irg%?&é&%“ iRAaanp igrfi aaég{}{itgg;tg{x,td”ﬁrs‘éir‘é?&'ts from

Py e ARG O Bk Pt Gar el ot e aeid (HA)
i

surdiial gt sPERFEC ks ARECORSe QT Csrentiel toRdisH By sartilage.
ot PhE ORI, AR IS PRt Rnl e R wkbehlsRne of

collagen molecules and aggregated complexes of proteoglycans, which in

turn are formed by

- a skeleton of hyaluronic acid (HA),

- glycosaminoglycans (GAQG) containing repetitive disaccharide units
of glucosamine or galactosamine, which in turn carry negatively-
charged carboxyls or sulphate groups, as a result of which the
GAGs form long negatively-charged chains,

- polypeptides.

HA is a polysaccharide molecule with considerable viscoelastic
properties. It is present in the joint cavities as a fundamental component of
synovial fluid, where it acts as a lubricant and shock-absorbing agent, and
protects the chondrocytes against the action of the inflammatory cytokines
(Asari et al., Arch Histol Cytol, 1995, 58:65-76; Brun et al., Osteoarthr Cartil,
2003, 11:208-16; Stove et al., J Orthop Res, 2002, 20:551-5). HA, as such or
in derivatised form, has long been used to treat degenerative osteoarthritis,
either as a “viscosupplement” or a lubricant.

The various products include (by way of example) Hyalgan® (HA
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properties. It is present in the joint cavities as a
fundanent al conponent of synovial fluid, where it acts
WwW@300a/1818b¢ | cant and shock- absor bi ng agent, andP@I/BP®01/603920
t he chondrocytes against the,action of the
i nfl ammat ory cyt oki nes (Asar|3 et al., Arch Histol
tol , 1995, 58:65-76; Brun et al Ost eoart hr Cartl(b
putitigd, from zggstfs .comby @ceprding tojEB 13837 Rdx1), szvlsc (Hylan
20:; 55 5). uch or . in derlvatlsed form
o-Fell el B cressinbsd Wil fsreal aeay@@ta@@aﬂmnm sslphone, as

as a "viscaosuppl enent " or & | ubri cant.

deSFdit?f‘d{@ prisat M 4 Hel. tdid), (fwimsz {Héwith @)MW of between 620
Hya (HApurified fromrogster conbs_ accordin
an@@%s‘éﬁ% Bhichseany p@i\( Py admyinastersd-by the, ahtéwrmul%lr route.
crosslinked with formal dehyde and .di vi nyl sul phone,
desﬁ"?bﬁé I'treapipentstaqgarding) to thesprionad inyvek \(er? e(mi\mlmstratlon
of between 20 and 1200 KDa), which can only
of 5 pgwm% 9byag BHIGAFARHNG Y EleﬁtSrandoah@n reAGn gsphate in
treatnents._ a rd| t he ior art involve the
asSQEALAT { WA} dFAofndy Ihpfﬁa%fae&e% %&F‘dh i @m%ostamwote HA

| phat.e and ChOﬂdI‘OItJ n sul phat e, associ ati o
syrmﬁ g‘ﬁd 1Iﬁ‘yd ykoaRt c6RY LYenrequseor angagpamtaggwrotect the

T e o SHSTTA B

Lvi SEitbUTa a3iencis ety lEaiamDHtss Gy Thpacy of sulphated
o AR A LSS SRR oyt
froff; S 5B RRibH sﬁé%a%rc& thils ?Macgi‘a}_r%gfﬁl 9B Hypoth, 2000, 54:798-
soZ TR M, 4 D TS SR PRABR 0L 521 ons

| nf | a1HB} % Yenqg‘ta?l(aaﬁﬁtlgm p%llcgi\.‘l811¥ 'apé al§1 'i(%o@s;t' u1|cf:i”describe
new treatments for inflammatory osteoarthritis involving intra-articular
administration of HA in association with chondroitin sulphate (US 6,906,044),
or claiming oral treatment with HA at given doses (patent US 6,607,745),
possibly in association with glucosamine, chondroitin sulphate or glucosamine
sulphate (US 6,924,273); finally, the use of HA with high molecular weight
for the prevention and treatment of osteoporosis is known (patent application
W02005/032276).

In addition to glucosamine sulphate and chondroitin sulphate, another
sulphated GAG used for chondroprotection is HA, suitably sulphated as
described in the prior art, to which anti-inflammatory, anticoagulant and
cell-adhesion-inhibiting effects are attributed.

In particular, US 2004 0,053,885 discloses the use of sulphated
hyaluronic acid (subsequently referred to as HA-S) in the intra-articular

treatment of inflammatory arthritis, and specifically rheumatoid arthritis
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adm nistration of HA in association with chondroitin

sul phate (US 6,906,044), or claimng oral treatnent
wowRaon/15#74t gi ven doses (patent US 6, 607, 745) , PEGDBR1001/§03920

in association with glucosamyne, chondroitin sul phate

or glucosam ne sul phate (US 6, 924,273); finally, the

use of HA with high. nolecul ar weight for the .
(ayipHpEHCoAIsEASE ) r‘@gtlﬁeéf (R @fl@msstla% usgoh HA-S in the
(patent ,applicati on WO2005/032276). In addition to . .
pa'@“&%‘@%ar‘ﬂi‘k‘?@@ﬁ?pﬁé@taém&ﬁ& @ﬁoﬁaﬁémmﬁogm skHe®, lasbidiag joint

sulghat ed GAG used for chondroprotection is HA,
rheliingti#fny sul phated as described in the prior art, to

whi ti-infl t : ti | ant d )
cel ThscissFah IPRRIGPR SHp@Ped Shnmier arh beeasse i relates to
ti.cular, US 20Q4 0, 053, 885 di s¢cl th f . )
ol s B HooR e BE S B0R ot el S hisgaion o
indg-aHieUIRG. THREUOBocrieh FilertiueRngpy Joint' dSEencratign and
it ' i whi | . 754460 B .

B b R e Rt e 5 S By chroric
R IR L ToER AR o e—
Staart{‘r‘iglecause It .ﬁel atﬁ%&tf fornmul t'hons based, on .

EFieEST | SPrRRPHHANS dHGAS T gt Bantiss & dPaliesh ipflammatory
B AR R T C—
. J || ul i X, i.n joint ff d hr.oni .
inG3boReFalate T TabaRMToAy SH347 on°FLACsRYRGEAN| Sogifiea by
sufghBF LAY A0 PSS AT fomonstccea e
theggé)egg(?é %F%Jé&dafég é@§9§ rlgj ng&)%r%oﬂa\%th% sl darl rt?éa%ﬁ{e%q based
on sulphated glycosaminoglycans in the treatment of osteoarthritic cartilage
deficiency, and compared its efficacy with non-sulphated HA to demonstrate

the clear pharmacological superiority of HA-S over both GAGs and HA.
DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to formulations based on HA chemically
modified by sulphation, which are effective in the (preferably oral) treatment
of chronic forms of degenerative osteoarthritis without inflammatory sequelae.

As already stated, the process of degenerative osteoarthritis causes
progressive damage to the extracellular matrix in the joint cartilage. This
damage is manifested by thinning of the matrix and loss of the chondrocyte
component; the process culminates with the total destruction of the joint
cartilage. The disorder can be manifested as chronicisation of inflammatory
osteoarthritis or represent the physiological development of the joint aging
process.

From the morphological standpoint the cartilage can be divided into
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invention relates to formul ations based on HA

chem cal ly nodified by sul phation as described in EP
WaodgageBl: the Applicant has denonstrated thePCT/EP2007/003920

therapeutic efficacy of HA-S py conparison with a

standard treatnment based on sul phated o

gl ycosanmi nogl ycans in the treatnment of osteoarthritic
fouusdiffiesent znmesc frome fhe joiat sunfage ¢d the subchondray banehnamely:

non-sul phated HA to denonstrate the clear _

pharma@enedi the thinpest, entarynaest past, Whichriswotlj pasiy cahldlarised,

HA. DETAI LED DESCRI PTI ON. OF THE | NVENTI ON The present

i nvent izenelél heeansitionalzionei vidclhaosthios thit highest percentage

chenmical |y nodified by sul phation, which are effective

i n t he Yffaliscandisbagigally respansible for neatronprodumtion, of

degenerative osteoarthritis w thout inflanmmatory _

sequel gene ALl: she sadial goaeewhichds phodargesifthe entire thickness of

degenerative osteparthritis causes progressive damage

to the tgﬁtqa&'é’@lgleuﬂ?d}enﬁlﬁm is struchre} oi nt cartil age.

This damage _is manifested by thinning of the matrix _

and o§§n%f1\f3héhecW@Mf@dyl@n%oﬁﬁbmdwel}z hb?]tpsqmrams the radial

culmnates with the total destruction of the joint

carti | 98¢ from hesrbebondedl bengrani fest ed as

chr qni i nfl anmatory osteoarthritis or

i ci,sation of )
r epméf‘eﬁ?ewéﬂsmeo@%w@dt ths AT Hesiousgs thneiajrmag;t caused by
in rocess. Fromthe norphol ogi cal standpoint the
de%%b??ﬂ‘gvg?eo%%ﬂarﬁgﬂaﬁsvifdgﬂvqlﬁpéfw;l&h the sr@eeproCEsIRss involving the
fromthe jojnt surface ,to the gsubchondral  bone,
SR QLS. ‘%faﬁ‘iler It 1,446, tondaflanypnaiorypdisess t or vispakis from

o il St 58 v b e

at 71 PR BGel i ERmett (APle teptoxin, (hsomeraclWar matrix
wil? thga‘ﬂlﬁ[(ﬁgét Blotcv(g” elrt“r{ere stttg)i (r:é(cno%ss%itgtfe its complex structure of
proteoglycans, in order to strengthen its load-bearing skeleton and prevent cell
loss, would be most useful at the stage of chronicisation of the disorder. This
invention demonstrates that the administration of sulphated hyaluronic acid
represents a valid therapeutic approach for these purposes because it increases,
within the joint, the presence of the material that constitutes the “scaffolding”
of the cartilage matrix and, by ensuring its structural integrity, prevents its
decellularisation. The formulations of the invention can therefore also be used
for the prevention of cartilage damage.

The in vivo trial performed by the Applicant demonstrates that HA-S
slows degradation and stimulates regeneration of the basic structure of the
extracellular matrix to a surprisingly greater extent than other GAGs and
non-sulphated HA.

The sulphated hyaluronic acid suitable for the purpose of this invention

is prepared according to a process described in EP 702699 B1: sulphation is
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the cartil age depends on its structure, - zone |IV: the
calcified zone, a thin |layer that separates the radial
wQone/187604n t he subchondral bone. The deeper theCEBPI®07/003920
affected, the nore serious is the danage caused by
degenerative osteoarthritis. ¢t devel ops wth the sgrre
r.ocesses,, .i nvol vj t he, sane zones, whether it is due )
pqprgoqrw aWih othg (ﬁ@gz%‘@l%‘ﬂer €OMRlexs rand pinvalyengtheal alcoholic
joint aging caused by advanci ng age or overload. A
hyshraxptscpitesgntcial ther palysacthaxtdeechainpr ovi de t he
extracellular matrix with the "building bl ocks" it
needkhe degemon§sulphaion sanaapgerbestveantUbearad 3.5 (EP 0940410
rot eogl ycans, in order to strengthen its | oad-bearing
B bk elnelt isrprafietabhebetweae015 dnd 4,5 (thel ab ebagergsddeupedefined as 1:1
at the stage of chronicisation of the disorder. This
sulphatat gooupletm ndisacthesidenagroupy atartinigs tframi dbAofwith different
sul phated hyal uronic acid represents a valid
melesudgreweightappmgiop from 504900 BRONNO Pegmeserably 100.000 to
i ncreases, within the joint, the presence of the
230,000 iRy using Horyoduaed oyt kstrastians démiergatioh oheéechnological
cartilage matrix and, by ensuring its structural
megnsegrity, prevents its decellularisation. The
formul ati ons of the invention can therefore al so be
used Keofetinatipe obéainedrmaintainst all tye pliasiwg chatestemstics of the
vivo trial performed by the Applicant denonstrates
starhing palysies; anpagtgrlatatheomaleeular iwaight o€ HA is not changed by
regeneration of the basic structure of the ) ]
the xsuiphatipn| aroGassy icensequently pallewing ythgr samer vasaasity as the
t han ot her C%FGG and non-sul phated HA. The sul phat ed
starbie p Iy ecclarflesto bamaintaiped-ne purpose of this

! nve[r}}ei 8>r<]periments described below were conducted by comparing HA-S
produced by fermentation, having an average molecular weight of 180/200 KD
and an average degree of sulphation of 1, with a reference treatment based on
Condral® (galactosaminoglucuronoglycan sulphate, the depolymerised form
of chondroitin sulphate) and with a treatment based on HA (with a molecular
weight of 180/200 KD) against the untreated control.

Trial design: inducement and treatment of degenerative osteoarthritis

The experiments were conducted on adult rabbits, in strict compliance
with current legislation. Degenerative osteoarthritis of the right knee was
induced unilaterally by surgical resection of the anterior cruciate ligament
according to a well-established experimental model (Yoshimi et al., Clin
Orthop Relat Res, 1994, 298:296-304). The experimental model used does not
trigger an inflammatory process, as demonstrated by the total absence of
plasma infiltrates in the joint cavities of all the treated animals, including the
controls (Table). Surgical ablation of the ligament consequently represents a

good example of experimental degenerative osteoarthritis, which allows
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is prepared according to a process described in EP
702699 Bl : sul phation isperformed with the
weaRpyterdi ne conpl ex, and invol ves the al cohoPCT/EP2007/003920
hydroxyl s present in the pol ysaccharide chain. The
degree of sul phation can ranée between 0.5 and 3.5 (EP
0940410 Bl'), and is preferably between 0.5 and 1.5
coftielce phaﬂnag@loglcaxl eviafuatedn nétheaformulationptiestedgr oup to
di saccharide group), starting fromHA with different
mol dthel animelisgivese dinidsidngntor nhemogenous g0upHdS Bnimals per
preferably 100.000 to 230.000 D, using HA produced by
greup) and treated eratkynt24d hoursmftctresurggrso@v(eay dawdes 6 lemvs with:
derivative obtained maintains all the physical
characsainessalusionf0.Obe NaG@r (Gorgrelgl yrer ; in
particul ar, the nol ecul ar weight of HA is not changed
by t-hePhﬁHSpataﬂnecﬂDSperb%ésmgékgtsequent ly allow ng the
same viscosity as the starting polysaccharide to be
mai nt aHdedt thﬁﬁéompéﬁﬂﬁegt&g descri bed bel ow were
conduct ed nparing HA-S produced by fernentation,
havi- ngCandW@ a@@miﬁzgfaﬂ mgikght of 180/ 200 KD and
an average degree of sulphation of 1, wth a reference
treditmthe ankod the Coadmeng rthe animals were killed and examined
(gal act osam nogl ucur onogl ycan sul phat e,
mapstomeallyetp feheskofor: iba daksence §G|Sp/ﬁ5€tné90 &ﬂlﬁlc\hﬁ)’t hNgxt, the
treat ment based on HA %WI th a nol ecul ar i
latega) 200 meyiahgoindyies pE thet feaaurew it ke émlagp afp were fixed in
design; inducenent and_ treatnent of degenerati .
fognaligabutfered o We&%r%’@?ﬁ@e PHBHH Y &% (V;ﬁeaamgaratlons
rabbits, in strict co nce with current . .
W¢r@gﬁll§mapﬁ%¢ssq§egl@h@r e} M&l@@ﬁhﬁ? e Sillgd imthe P&ht‘o obtain
knee was g ed unilaterall bly surgical regecti
sephansneBRNGADLE yeRdete Megapeiial micrdscope ' alier sfalnitig with

haematoxylin-eosin.

The cartilage tissue removed from the medial and lateral femoral
condyles was then subjected to semiquantitative histopathological analysis and
histomorphometric analysis. In particular, parameters relating to degeneration,
the structural integrity of the cartilage and the extent of abrasion on the
thickness of the cartilage were taken into consideration.

Analysis of results

Table:
Group Synovial membrane: Cartilage tissue:
plasma infiltrates plasma infiltrates
Control 0 0
HA-S 0 0
HA 0 0
Condral 0 0
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according to a well-established experinental nodel

(Yoshim et al., din Othop Relat Res, 1994,
wQ2e729%87804) . The experinental nodel used doeBCTBP2007/003920

trigger an inflamuatory procegs, as denonstrated by

the total absence of plasma infiltrates in the joint

cavities of all the treated ani , including the
conté\é%lr%a@bﬁ&ted,smegﬁefeﬂ lagk nf‘aias(ma tlnﬁlqratganmnthe synovial

R LA 0 e Bt Febemenon i e
Jo%ar:égvafm b e LGS R alons st
S giagrSsnaty S0y sFPE e apials nd fieif oxgmaralso demonstrated
thgqlggfﬁ{? %ggte?ﬁ/llqg%gkmi)h@? Lol Lgm@{plﬁﬁg}q%é cto?fﬁjﬁiaggg f(qagted
e HiRTEs Gariricbh B ot olfefe s b b Gaminaion
in; fbé Féf@éf’éfa%?wéﬁqsin?g%s YR e éﬁéﬁym"nkirxélﬁb serious
ASgirdeBivi Gbaratreand: PV mopelo ogHia! g1 a6 (e, @1l component
win Vit T8 Sihuain el Kl 87 Gondri® Was better in
T Y T ——
i e T e e

o7 i P A S ERE S PRET e g B i nirdls sated with Ha-s

was in a much better situation: the level of degradation was slight (1,7). Oral
administration of HA-S therefore proved effective in significantly slowing the
process of degradation of the cartilage of joints affected by degenerative
osteoarthritis.

A second, important evaluation relates to analysis of the structural
integrity of the cartilage tissue, which is measured, according to recognised
standards, in terms of irregularity of the surface and of the cartilage structure
(Figure 2). This graph, like the preceding one, confirms that treatment with
HA-S helps to maintain good structural integrity, to a significant extent
compared with the controls, and also compared with Condral® treatment. The
group of animals treated with HA-S only presented slight cracks in the
transitional cartilage zone, whereas those treated with Condral® presented
marked lesions of the radial zone; the finding relating to treatment with HA,
which again proved as effective as Condral®, is particularly interesting.

Finally, Figure 3 illustrates the depth of the lesion along the entire

thickness of the cartilage, the maximum lesion being one which causes
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the structural integrity of the cartilage and the
extent of abrasion on the thickness of the cartil age
wowRee/18mken i nto consi deration. Anal ysis of reBCI/EB2007/003920
Tabl e: As already stated, the total |ack of plasnma
infiltrates in the synovi al A uid and the cartil age
confirnms the conpl ete absence of inflammtion in the
exposune ehbongtissue fellowing total tossaifezartidage. NaCl and in
all the groups studi ed. Macroscopic analysis of the
ani ridles datd il hesrateothgamseanl yalwssnofighe alesibrishef Itheklavéral and
system c toxicity of the pharnacol ogi cal conpositions
medigl eandydieguorce agaimidwaseeson fiemdd thatcatal éxcagmient srith HA-S is
the cartilage exam nation: in the_group of animals
mareeefifeetive tham dreatmensd with Gondmd® of ¢ieatment ovith HA alone in
degeneration characterised by norphol ogical alteration
pregery g disl integnipyoplethe qaréilage owttix. The situation of
the animals treated with Condrala(ir) was better; in
t hi Anadysistafetheadatniprgeenied dreze sl ¢anty undicatesi that dliAa$ is more
2.8, and was therefore noderate/marked; it is
effesivetthan subphased GALIs anid HAeuthe Ircatreent of mohainftasnmatory
that obtained with HA treatnment. The cartilage of the
ostepprirgis, mehather vi resulpfemasaumailisease dretheenormal joint aging
situation: the level of degradation was slight (1,7).
Pr@§€8f- admi ni stration of HA-S therefore proved effective
in f'égni ficantly sl owi ng the process of degradati on of
t he

Beesssape A -Poraukl ppssdbhefepgssqetsed iuith vather molecules
osteoarthritjs. A second, inportant evaluation relates
US?@ a}?am}gfinsg_dé?nt‘ﬁl@ sfraceliner mpateds i Bychorast igellagen (possibly
R0 LT L TR Sher Son et andior
bioslgélfc%ﬁ?/ %rg:giv%f stu (seta(r:lggg ! Iséic ¥ asst rgl,Jr%twl{Le factors and/or hormones,
vitamins (especially vitamins A, C, D, and E, and group B in general),
antibiotics and mineral salts (especially calcium, magnésium and selenium
salts and other trace elements). The procedures described and claimed herein
therefore represent a definite improvement on the current oral treatments for

the disorder in question.

The surprising results obtained with oral administration of HA-S, and
the well-known chemico-physical and pharmacological characteristics of
hyaluronic acid derivatives, also suggest the possible administration of these
formulations by injection, in particular intra-articular injection, limited to
forms of chronic degenerative osteoarthritis in which there are no
inflammatory symptoms. In this case too, HA-S could possibly be associated
with other molecules such as other GAGs or other pharmacologically and/or
biologically active substances such as growth factors and/or hormones,

vitamins, antibiotics and antivirals.

Some examples of preparation of the formulations containing HA-S of



(Figure 2) . This graph, like the preceding one,
confirnms that treatnent wwth HA-S hel ps to nmaintain

wW@owd/13teract ural integrity, to a significant eR€ERP2007/003920
conpared with the controls, ﬁﬂd al so conmpared with
Condral (r) treatnent. The group of aninmals treated
wth HA-S only presented s|i ?ht cracks in the

the inventianerfar Qrafandag@razamm,u ahedmagistiation, tareatesdribed below
with Condral (r) presented marked | esions of the radial

by zwag; of rexamplgi agd redtaof imitatione M AeBt can the Hormuhdted in all
again proved as effective as Condral (r), is

knpwint wayb adcprdimgetae she state Fofthd art i gesecidtion with stabilisers,
illustrates the depth-of the lesion along the entire

ex¢IpigRpe preSst vatieesc and/aragthert substandemaonsidereh usefulgto obtain
one whi ch causesexposure of bone tissue follow ng

5 the besfl possdbleoformulatipagdor the paeparationuef gaarulates, suapensions,

val ues of the lesions of the lateral and nedi al

solybigay eapsudecendigablgts.t was confirmed that oral
treatment with HA-S is nore effective than treatnent
wi t @rabfermulations treatment with HA al one in
preserving the integrity of the cartilage matrix. )
AnalhsilAogysadnin these fprmudatiens hay an avesags degrtecef salphation
that HA-S is nore effective than sul phated GAGs and HA.

of il andean ygrags MJecnian-waiaht afal 804208s Kddathe cpnsentration of

vget,her_ it results fromtraunma/di sease or the nornal
10 the Artive ipgredientdaagss betwaer 0xndA0Qmepen drse poilsi bl y
be associated with other nol ecul es useful to
st rgﬁéﬂﬁiﬁ—t he extracel lular matrix, such as col | agen
(possi bly. hydr.ol ysed). or other GAGs, or with other
pha&%ﬁgcﬁgo’ﬁigcrég{%g%\g?@%?a}bﬁ"gf ogically active
subst ances such as grow h factors and/ or hornones,
vVitgmns(especially vitamns A C D and E__and
gr oyCdastitugener al ) , Amount (mg /cap)
Active ingredient:
HA-S 75
Excipients
Lactose q.s. for the capacity of the 00
capsule
Corn starch 16.5
Anhydrous colloidal silicon 7.7
dioxide
Magnesium stearate 33
15 Initially mix the HA-S, lactose, corn starch and anhydrous colloidal

silicon dioxide. Add magnesium stearate to the premix obtained, and mix.

Distribute the final mixture between rigid gelatin capsules format 00.

20



antibiotics and mneral salts (especially calcium
magnesi um and sel enium salts and ot her trace

we@b@nasite3d . The procedures described and cl ai nRCI/BR2067/603920

therefore represent a defini I mprovenent on the
current oral treatnents for the disorder in question.
Thegsurpri §ing results obtained with oral
adnﬁ—ﬁ-ﬁ@ on of HA-S, and the well-known
ﬁ S,ufdgys cal nd har navgl ogi cal characteristics
9‘{; e ’é{g ”(/ﬁ‘?ﬁ’ al so suggest the
p035| bl e adm ni st ratl on of these formul ati ons by
|nJ. a-articular |n|prf|0n
| i | Cedstiouéwr M5 of chronic dAgsoene{inge/cap)
ost goarttmitTs, T whirchr thergare no i nftamatory
syrmrﬂ@iﬂée ingredfard: case t oo, HA-S coul d possibly be
asspgixaked with other nol ecul gggsuch as other GAGs or
ot her  pharmacologically and/ @ iologically active
sub:E;aﬂpe@q@uch as grovvth fa(tors and/ or hor nones,

1 ol Coannm ol
Vi t gmras—anti+btottes—and—anttvirals—Sore—exanpltes—of

pr eMiﬁlthéﬁSt@ﬂmméelﬂ@mﬁl ati 0as. fomthe; ngltWOBh@fQMe

a)

invention, for oral and intraesgpsuleul ar

ad TStTatTom, —are Jdescri uef betow by —wayof—exanpt
and QB’E“ $Rr¢l mi tation. HA-S ¢3%lbe fornulated in all
kno C he state of the art In
ass%ny’\?&%lﬁ &)?L(%Fg%ﬁ%oéer s%exci pi ents,

pr ege S ves_and/or other slibstance considered usef ul
to %@h@sﬁ;ﬂ?s&%?ﬁteposs' ble formul ation, for the

pr eparatonr—of—granulates—suspensions,—solutions -
capsul es and tablets. Oral fornul ati ons The HA used in
els rmul ation an aver asggll degr ef f sul phation
it 13 4 BHiXalhs ié |icrosFyshalligee csHulesgs sperngstarch and
h conc

anhy fous. collt

.
1da?1t SHICOH dioxide. Add magnesium stearate to the premix

obtained, and mix. Distribute the final mixture between rigid gelatin capsules

format

00.

Example 3

10

HA-S 400 mg rigid gelatin capsule

Constituent

Amount (mg /cap)

Active ingredient:

HA-S

400

Excipients

Microcrystalline cellulose

q.s. for the capacity of the 00
capsule

Corn starch 35.1
Anhydrous colloidal silicon 5
dioxide

Magnesium stearate 5




10

15

the Active ingredient ranges between 50 and 400 ng per
dose unit. Exanple 1 HAS 75 ng rigid gelatin capsule
WO povitaderyy m x the HA-S, | actose, corn starch BETEP2007/003920
anhydrous col |l oidal silicon 1? oxi de. Add magnesi um
Stearate to the prem x obtained, and m x. Distribute
the final mxture hetween rigid gelatin _capsul es
f or Hitiatly. eaéémsh% HAHﬁs maeroggystalding gl ose, cepryistarch and
Initially mix HA-S, microcrystalline cellul ose,
anlwlr@ua%nl&idahéllmaiﬂ%@eee’?x%.raagn@ﬁlunbéwaaat@xtcuéhe premix
Add magnesi.um stearate to_the prem x obtai ned, and
obtgined,gngd migy st tPﬂhﬁlﬁfiﬁlxlmPFtéf%@ﬁw%W rigd gelatin capsules
gelatin capsules format 00. Exanple 3 HAS 400 ng rigid
forg&?ﬁ Q-n capsulelnitially mx the HA- S,
m crocrystalline cellulose, corn starch and anhydrous
colﬁéﬂﬂmiizi i con di oxi de. Add magnesium stearate to
theﬁp&gmx obt ai ne and m x. Distribute the final
Y} W8T ARG gel atin capsules format 00.

Exanple 4 HAS 400 ng granulate Initially mx the HASl .
[“hg Q%El)éﬁkﬁ‘éﬁt .ne. EE' Lg' O;Si a”ﬁng@l!iﬂt %%U%QchM)x Wi th
pol _/Achyd! mgnedllerdone When the mxture is uniformy
noi ][d ranul ate through a 2 sieve. Dry the
grawIAa e, then sieve the dri granul ate, forcing it
t hr Jgggp%btg. 8 nmm si eve.

Microcrystalline cellulose 65

Corn starch 15.5

Sorbitol 2250

Polyvinylpyrrolidone 47.5

Citric acid 10

Aspartame 32

Orange flavouring 180

Initially mix the HAS1, microcrystalline cellulose and corn starch. Mix
with the binder solution consisting of water and polyvinylpyrrolidone. When
the mixture is uniformly moist, granulate through a 2 mm sieve. Dry the
granulate, then sieve the dried granulate, forcing it through an 0.8 mm sieve.
Mix the granulate powder with sorbitol, citric acid, aspartame and orange
flavouring. Fill sachets with the granulate.

Injectable formulations

HA-S grade 1 or 2, having an average molecular weight of 180/200 KD
or 500/750 KD, prepared in sterile, pyrogen-free saline solution at the
concentration of 1-100 mg/ml, preferably 5-50 mg/ml, and even more

preferably 10-20 mg/ml, is preferably used for the injectable intra-articular



M x the granul ate powder wth sorbitol, citric acid,

aspartane and orange flavouring. Fill sachets with the
w@e@nusmre. | njectable fornulati ons HA-S gr adePdT/BP2087/003920
havi ng an average nol ecul ar i ght of 180/ 200 KD or

500/ 750 KD, prepared in stertfe, pyrogen-free saline
solution at the concentration of 1-100 ng/ni,
prepagadondl Yhe-fgalnsplotionamast bensterite apd b ymoaehyfré®- ROcan also
mg/ M, is preferably used for the injectable
beifrrazg-diried eandacporgiatiused ehthe titne 6f usd. sol uti on nust
be sterile and pyrogen-free. It can al so be
freeze-dried and reconstituted at the tinme of
use. CLAIMS 1. Pharmaceuti cal conposition containing
sul phated hyal uronic acid for the prevention and/ or
treatnment of cartil age damage caused by degenerative
osteoarthritis and/or wear due to aging of the joint
structure. 2. Pharmaceutical conposition as clained in
claim1, wherein the nol ecul ar wei ght of the
hyal uronic acid is between 50.000 and 800. 000 D. 3.
Phar maceuti cal conposition as claimed in claim 2,
wherei n the nol ecul ar wei ght of the hyaluronic acid is
bet ween 100. 000 and 230.000 D. 4. Pharmaceutica
conposition as clained in claim?2, wherein the
nol ecul ar wei ght of the hyaluronic acid is between
500. 000 and 750.000 D. 5. Pharmaceutical conposition
as claimed in clains 1-4, wherein the degree of
sul phati on of the sul phated hyaluronic acid is between
0.5 and 3.5. 6. Pharmaceutical conposition as clainmed
in claim5, wherein the degree of sul phation of the
sul phated hyaluronic acid is between 0.5 and 1.5. 7.
Phar maceuti cal conposition as clained in claiml1,
wherein the
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hyal uroni c acid is produced by extraction,
fernmentation or technol ogi cal neans. 8. Pharnaceutica
W@ eouposicrd on as clainmed in clainms 1-7, contai NPEIYEP2007/003920
col | agen and/ or hydrol ysed ﬁﬁLlagen and/ or
gl ycosam nogl ycans. 9. Phar eutical conposition as
clainmed in clains 1-7 and 8, contai ning
CLAIMS®uacol ogi cal ly and/ or biologically active
substances. 10. Pharmaceutical conposition as cl ained
in claim9, wherein the pharnacol ogi cally and/ or
biol ogically active substances are selected fromthe
1. gr oBpavhaggutigal neompasisiomicastainingaisulphated dryaheraniaeacid for
and/or antibiotics and/or growth factors. 11. _
thePpae et andiorclanpoaenti ofi castilagsi damage aansed e dggaperative
claims, for the prevention and/or oral treatnment of
osteaarthridigeamidonyeat sisde agingaddhejamtvtiagte@arthriti s
and/or wear due to aging of the joint structure. 12.
2. PhaPhavoacewigal c soppasition as elaimady ion dpinmliiwherein the
wherei n the concentration of sul phated_hyal uroni c acid
malecwat werightyef theghyaoremicpgidds dstween 507090 and 800.000 D.
Phar maceuti cal conposition as clainmed in the preceding,
3. cl aPhsrmpeguticad icempesakionc@sarclaimes nigntclaimcds t Whegein the
damage caused by degenerative osteoarthritis and/qr

mojeeilagiveight afHighplurericasidds depyeend 80.000 and 230.000 D.
4. wheP BRI C SRTTRAS AN o Bos GAMAb dhydR RO ¢ Whsrgin  the
mlgrilas MaIBh: abING BYMBGORR dqidiibelveshaPdi (ot sad 750.000 D.
5. igngﬁg;rrggéééfqﬁ?f cgrlflllp%g%&g apsy acllz%rrr?en. Cina%iaqrﬁss 19?} mvsﬁgrein the

degree of sulphation of the sulphated hyaluronic acid is between 0.5 and 3.5.
6. Pharmaceutical composition as claimed in claim 5, wherein the degree
of sulphation of the sulphated hyaluronic acid is between 0.5 and 1.5.

7. Pharmaceutical composition as claimed in claim 1, wherein the
hyaluronic acid is produced by extraction, fermentation or technological
means.

8. Pharmaceutical composition as claimed in claims 1-7, containing
collagen and/or hydrolysed collagen and/or glycosaminoglycans.

9. Pharmaceutical composition as claimed in claims 1-7 and 8, containing
pharmacologically and/or biologically active substances.

10. Pharmaceutical composition as claimed in claim 9, wherein the
pharmacologically and/or biologically active substances are selected from the
group of vitamins and/or mineral salts and/or hormones and/or antibiotics
and/or growth factors.

11. Pharmaceutical composition as claimed in the preceding claims, for the

prevention and/or oral treatment of cartilage damage caused by degenerative
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16. Use of sul phated hyaluronic acid as clained in the
preceding clainms for the preparation of fornulations
waepiovakiees f or the preventi on and/ or oral treatPE€NEPNT/003920
cartil age damage caused by degenerative osteoarthritis
and/ or wear due to aging of e joint structure. 17.
Use of sulphated hyaluronic acid as clained in the
ostgoarthditisganyd/ar mear duertopagingiafjthe tj abnt stfustune. at i ons
suitable for the intra-articular treatnment of .
12¢car Phaomecentica)e compmsitioy degelasnadi ve oktimoakk,hwhérsin the
and/ or wear due to aging of the joint structure.
concentration of sulphated hyaluronic acid is between 75 and 400 mg per dose
unit.
13.  Pharmaceutical composition as claimed in the preceding claims, for the
intra-articular treatment of cartilage damage caused by degenerative
osteoarthritis and/or wear due to aging of the joint structure.
14. Pharmaceutical composition as claimed in claim 13, wherein the
concentration of sulphated hyaluronic acid is between 1 and 100 mg/ml.
15.  Pharmaceutical composition as claimed in claim 14, wherein the
concentration of sulphated hyaluronic acid is between 10 and 20 mg/ml.
16.  Use of sulphated hyaluronic acid as claimed in the preceding claims for
the preparation of formulations suitable for the prevention and/or oral
treatment of cartilage damage caused by degenerative osteoarthritis and/or
wear due to aging of the joint structure.
17.  Use of sulphated hyaluronic acid as claimed in the preceding claims to
prepare injectable formulations suitable for the intra-articular treatment of

cartilage damage caused by degenerative osteoarthritis and/or wear due to

aging of the joint structure.



