WO 2007/137674PCT/EP2007/003920 SULPHATED HYALURONIC ACID FOR TREATING
DEGENERATIVE OSTEOARTHRITIS SUBJECT OF THE INVENTION The present invention
relates to oral and intra-articular formulations based on sulphated hyaluronic acid which are effective in
the treatment oW8e§enEY4iive osteoarthritis. FIELD OF INVENTION  OSt€8amk1ts|(OR) is a very
common disorder, characterised by progressive degeneration of the joint cartilage which thins and
deteriorates following loss of the cellular and extracellular component, and can even disappear
entirely. The causes of the disease are only partly clear. They 10 basically seem to involve a series of
processes triggefedbyFa AfétHEMEal inbaEifcERF AR RIS HIVERETHIFR RARECISTERERDle 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 15 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 responsiblesfongaxtitpgerdestruption: tpgaltering the balance between synthesis and
degradation of the extracellular 20 matrix. The scientific literature also describes in detail the cell death
processes which afféCheh@rsientirooytetoshesi atesy wome inta ¢ oimtixat avtthidabsfanmesapimduced by
the breakdown of the matrlxg} ao et al., Exp Cell Res, 1999, 246:527-37). In view of the factors
described abobSHbg¥herinbateddyar HHihdccanidshito Akes pEfEsB T ABPYS0 1RGSR Ofhe
defined as a ch lﬁeg;ﬁ%aég %Hm{mally occurs after an initial acute stage of inflammation, known
as inflammatory steoarthrltl e presence or absence of an inflammatory state in the joint (caused
by cytokings and MMHAE IdpetrelWitE thEDSubstances) distinguishes the acute inflammatory stage of
5 the disease (inflammatory osteoarthritis) from the chronic non-inflammatory stage (degenerative
osteoarthritis). Degemb%&a@ﬁﬂs Hoes rY@tf)zSnI%O@é%lﬁmasﬁlﬁéréﬁroniélétag@mﬁﬁflabﬁmatory

osteoarthritis, but also resu ults fé%nr smf ical a%p% 1{1 0|n m@}?’é Th % ]lé}/ of the
extracellular npatr& IS Hherefore erucia I%OQI FodOMIVER O RS ¢ d Sond d%eﬁtly
essential for hegitby pastilRgs. of Tihe @@ﬂﬁ'ﬁgedﬁ@tr&ﬂﬁaé‘éﬂﬁ@%d@@ﬂﬁ%ﬁ% sipgtwecepeisting of

collagen molecules and aggregated complexes of proteoglyeans, which in turn arc formed by a
skeleton of hydisepmieasciehtitaly,. 15"@!§/cg®mm@@yb&nd_l(ﬁ%) aentaiing eetistitiveadisdbelyaride units

10 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

15 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

20 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



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. 20HA is a
polysaccharide molecule with considerable viscoelastic properties. It is present in the joint cavities as a
fundamental cof{pR@nE6isynovial fluid, where it acts as a lubricant and sPOBERDEHNSEIY 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, 25 2003, 11:208-16; Stove et al., J Orthop Res,

2002, 20:551-bf défiraisuch athirodbrivdisisad fomichamtang lpeescused feireat Beaenattive
osteoarthritis, either as a "viseosupplernent” or a lubricant. The various products include (by way of
example) Hyatjagg pfAnfiyometen Jaemp el /mizounatusgzied pihtisis fiom presemceambs

ding to ER 138572 B1), [ H G-F20,, ly HA linked with f |[dehyd d
Gyl suphor LoD TSN O AP AR CTRUAHA Y oA RGPS BERAGer 620
and 1200 KDag, yéately cammopty 2esagspimistered: e MEa Al G atmm g P@hFeaments

according to the prior art involve the administration of sulphated GAGs such as glucosamine sulphate
and chondroitithsulpbeteciiaskooatitr yith teldaethei tiyd fobyraetheollageric im erdeftanpremate HA
synthesis in the joint cavity, reduce inflammation, and protect the chondrocytes in an osteoarthritic joint

(US 6,645,048 108 d deas RI511VE00SISQATHIE IEnk RS IeEH Y eprsrrarthedimdesticaly ¥1i8ulphated

GAGs in increg i e t.in the vial fluid of patients suffering from infl atory
osteoarthritis (I\??(ga% teﬁ%ﬁ%fﬁ? ﬁ%&ﬁ%@%%%@ é)ﬁﬁoﬁ‘@&‘ﬁr‘t%i Ip/l ,ngr ?Fyg{;gt?r(lr&%
50:507-510). fphikesipatents @ing pate Appticatangare also known which describe 15 new
treatments for inflammatory osteoarthritis involving intra-articular administration of HA in association

with chondroitin sulpf&te (WSmig0edatd)e orxleiaatylarameseméent thitre forcacyiverl dosdbapatent US

6,607,745), possibly i ociation,with glucosamine, chondroitin sulphate or glucosamine sulphate
(US 6,9 ,2733??%31‘[?3{/],%@%: PURGYHT QT rises @iﬁﬁste%ggﬁfﬁgi?gé){%rﬁ%wﬁﬁﬁtreatment

of osteoporosis is kneys (RateRLEPRILANENWAZEOR/0HR LA onalNRARIAR RAIULeRAMIDE Sulphate

and chondroitin sulphate, another sulphated GAG used for chondroprotection is HA, suitably sulphated

as described inaHe grivmaei ctoilehicin dntgipftarmmdtonm plticeagilantaedsdbealisadhkribniinhibiting
effects are attributed. In particular, US 2004 0,053,885 discloses the use of sulphated hyaluronie
acid (subsequgfi:ﬂ%r@fg FIA-S) in the intra-articular treatment of inflammatory arthritis, and

specifically rheumataqid amg'g@té/}{g%@ﬁ&%ﬁ@g%gﬁ?ﬁg%m?/oos%o

15 - glycosaminoglycans (GAG) 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.

20 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,

25 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



4 (autoimmune disease), while EP 754460 El claims the use of HA-S in the parenteral injectable
treatment of inflammatory states, including joint rheumatism.  The present invention supersedes the
prior art because it relates to formulations based on chemically sulphated HA, for oral administration or
intra-articular iMEABHIIAUHEh effectively slow joint degeneration and prom8f&fEEREIAEHoN of the
extracellular matrix in joints affected by chronic degeperative osteoarthritis, which is consequently not
at the inflammatory stage (these compositions therefore cannot be used to treat inflammatory 10

osteoarthritis) pheifasdineota aqiieutaibberatesed asreCErNeITSTRIB Ny eSHior JeBULEE Pan
formulations based on HA chemically modified by sulphation as described in EP 702699 BI: the
Applicant has Hef#hstam xhl thergselinkedfivaty simmaldeby dorapdribioinylttsel gandares treatment

based I dgl inogl [ thriti il 15 defic] , and
compared ts SEE U AR e A T B D ACH e 18 S B LA SR S rionty of
HA-S over botfy@AGscARM b vRETAIE BRFSCRIRHRN O FHENNENHRMar rJe Present

invention relates to formulations based on HA chemically modified by sulphation, which are effective in
the (prefefably oral) ffaatoraht 2Goientoricdardisgofal dgepeikative dstedestbiitiadwihdst-infleanmatory
sequelae.  As already stated, thc process of degenerative osteoarthritis causes progressive damage

to the extracelRAiAMHREAKIRESBiRt St B8 CoPETaRemHEha th aRfchon drp tHmSHE Bt &matrix and
loss of the chg %c&g Haoﬁo PONgRL the gr%c%s%lculnainat%s with the total degtruction %f tt}g Aoint 25
STt R Ty dnd TR e CoMaaehin i sty TR ag

cartilage. The disorder can be manifested a nicisation ammal I’I%IS or represent

the physiologigghdexglopmenttef theijaintaging, prasess Fiemhmapipholagicapssandpoing the
cartilage can be divided into WO 20071137674PCT/P2007/003920 5 four different zones, from the
joint surface teieadussioniratibonte caaralje ois (UBOHHNA4S U Gwbdt HA%) which is only partly

cellularised, zone II: the transitional,zone, which coptains the highest percentage of cells and is
basicallyﬁ(gsponsible for &%X BVdSE%ﬁ%n\?A%%@e ﬁ’ﬂ%‘?g&i%?lsz&ﬁ& \?%%ﬁ?é{ 04 | ng“ﬁ% entire
thickness of thg gerlilaoedeRRRAs AR 115 UGS, 7ORRd iy iRe calellied spnaradiiniaysnhat
separates the radial zone from the subchondral bone. The deeper the zone affected, the more serious

is the damagefcausetflayn @ ey erxcativi nste OhftCiisy ledelelbfis/Wihptvé s200€ pfdcgsses,
involving the same zones, whether it is due to inflammat(g%disease or results from physiological joint

aging caused BYadvistcanty & ot delyaa 1998, 50:507-510).

Further patents and patent applications are also known which describe

15 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

20  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

25  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



A pharmacological treatment able to provide the extracellular matrix with the "building blocks" it needs
to reconstitute its complex structure of 15 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 demdhStt&tE33tat the administration of sulphated hyaluronic aci®¢3JR87t83420alid
therapeutic approach for these purposes because it igcreases, within the joint, the presence of the
material that constitutes the "scaffolding” 20 of the cartilage matrix and, by ensuring its structural
integrity, prevefatstdintaceluttissation. Whidefdiimulataiss db theliiventine cee trRIeiure alseree used for
the prevention of cartilage damage.  The in vivo trial performed by the Applicant demonstrates that
HA-S slows débar&’d%iﬁfﬁf? atfti ettdRifatcsadgesidrafbn BHIAB PSR Btratatas of tedubextraeiiiular
matrix to a surgrisingl ifsqfrr(\a‘ater extent than other GAGs and non-sulphated HA. The sulphated
hyaluronic acid suitable tor the purpose of this invention is prepared according to a process described
in EP 702699 B 1 suipfapasentANBH SBHESTIERLOBALO0II20E ARIOIMENID fhe
S03-pyridine complex, and involves the alcoholic hydroxyls present in the polysaccharide chain.

The degre® of ulphdsionnsabassth@betharicol by and hatEPHIR4F41 ®Bi) adndrisspreterally between

0.5 and 1,5 (the average grade is defined as 1:1 5 sulphate group to disaccharide group), starting
from HA with diffEPsATHBIAE UMY %éiaﬁts,‘f’éh@}%geﬁ%ﬁgy@@o@k%omb degtasating 160900 to

230.000 D, usi Rragy traet lon or, technological me The derivative
obtained maingl?r)lgléh tf%gpﬁ%%igé%a%%ﬁ%%%?? {ﬁ%‘%%a&g&m %lc%frﬁer??r% %ZE? |c%?f§(r),nt'ﬁe
molecular weigligehkiA iz a0 bangasi iy, thensetphatih prgeesty Cansesuentlyiafiawing thg same
viscosity as the starting polysaccharide to be maintained. ~ The experiments described below were
conducted by E6HpatthgIaACSTPOdIIEeRS bihRsafstagIm tabinglasdaversrpaimisiSentanateiyht of
180/200 155%%1ar rkllrz%%/g#ag& degqee of tsul hatiop of 1, with a ef%ﬁnce treatment based on
Condral(7) (galat SRS N uRhRAS L AEh oRFHERERH G ds cHEh B ulphate)

osaminogiuctronog

and with a treamentioasedianHAJWitAmalesuian Nelght o' £80/200 KR Agalns dhe.untggated

control. Trial design: inducement and treatment of degenerative osteoarthritis 20 The experiments
were conductethtrhatoft msbibéssribedriot EShiIRERS With therdepp legistdiond Bregemenativehe
ostcoarthritis loe rlg@ﬁl’(gq?% was induced unilaterally by surgical resection of the anterior cruciate

ligament accof8if§R§ %fﬁ%lig e Bxh ONnTOMMERMEIL T BshintrRiad EfAtmARLPAREMt Res,
1994, 298:2966%%@1-151‘?&@8(W%@Qfﬂiﬂ@g%aﬁeﬁldﬁst'ilgétment of osteoarthritic cartilage

15  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

20 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

25  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



25 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
WO 2007/137672B#TBB2007/003920 7 correct pharmacological evaluat®frlGHRHE oM ations
testéd. The animals were divided into 4 homogenousgroups (6 animals per group) and treated orally,
24 hours after surgery, every day for 61 days, with: saline solution 0.9% NaC1 (Control); HA-S at the

dose of 5.5 mg/ker-hfaérdin dosesofrdonnagdiwifionarat et dosB Mo MOshe, nAhLie end of the

treatment the animals were killed and examined macroscopically to check for the absence of systemic
toxicity. Next, the 10 latersdzhl thedizinesatydesesfthst feariumihitbhthe ditipimalets weltelfikeddn formalin
buffered to 10% and embedded in, paraffin, wax. The preparations were then processed, by a method

known to one skilled i th&°8%, 1o BIStAIARUERSAS 20mfy SBIEN FRMATRS Histibightrt pstestamer
staining with haematoxyliq)-iegglig.%Tgeogg{éi&q@ergﬁggsggnf%?q?fg%%t 2 ME ;al and lateral femoral
0 ogical ana

condyles was then subjected to serniquantitativé histopatho SIS an ﬁlns’tomorphometric

analysis. InSparticular,-pavamefdts tedatinijatozdageperation, the isiwestirahdnéaenity af thesargifage and
the extent of abrasion on the thickness of the cartilage were taken into consideration. 20Analysis of
results Table: Group SynB\i&asidass-dapeadsomdE sEalssurplasma infiltrates

- zone IV: the calcified zone, a thin layer that separates the radial
zone from the subchondral bone.
The deeper the zone affected, the more serious is the damage caused by
10 degenerative osteoarthritis. It develops with the same processes, involving the
same zones, whether it is due to inflammatory disease or results from
physiological joint aging caused by advancing age or overload.
A pharmacological treatment able to provide the extracellular matrix
with the “building blocks™ it needs to reconstitute its complex structure of
15 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”
20 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
25 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



plasma infiltrates Control 0 0 HA-S 0 0 HA 0 0 Condral 0 0 WO 2007/137674PCDEP20071003920 8
As already stated, the total lack of plasma infiltrates in the synovial fluid and the cartilage confirms the
complete absence of inflammation in the joint cavity in the controls treated with NaCl and in all the
groups studiedWO 2007/137674 PCT/EP2007/003920

6

performed with the SO3-pyridine complex, and involves the alcoholic

hydroxyls present in the polysaccharide chain.
The degree of sulphation can range between 0.5 and 3.5 (EP 0940410
B1), and is preferably between 0.5 and 1.5 (the average grade is defined as 1:1
5 sulphate groﬁp to disaccharide group), starting from HA with different
molecular weights, ranging from 50.000 to 800.000 D, preferably 100.000 to
230.000 D, using HA produced by extraction, fermentation or technological
means.
The derivative obtained maintains all the physical characteristics of the
10 starting polymer; in particular, the molecular weight of HA is not changed by
the sulphation process, consequently allowing the same viscosity as the
starting polysaccharide to be maintained.
The experiments described below were conducted by comparing HA-S
produced by fermentation, having an average molecular weight of 180/200 KD
15 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

20 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 mode! (Yoshimi et al., Clin
Orthop Relat Res, 1994, 298:296-304). The experimental model used does not

25  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




Macroscopic analysis of the animals and their organs also demonstrated 5the lack of systemic toxicity
of the pharmacological compositions tested.  Figure 1 summarises the data collected from the
cartilage examination: in the group of animals treated with saline solution (controls), serious
degeneration chigrziéférided by morphological alteration of the cell componeGTiReRIEieRe. The
situation of the animals treated with Condral(r) was bgtter; in 10 this case the cartilage degeneration
was estimated at 2.8, and was therefore moderate/marked; it is important to note that this result is very
similar o that ahained i LA EATIEN A SAUIANE 85/ ARETRIS eajed 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 significafitya$bowieg: tdeévitieprionesd dfargprtationgobdtips qartdageds jpiats affected
by degenerative osteoarthritis. A second, important evaluation relates to analysis of the structural
integrity of the ExmHRIRnddseeted gt s P hause Becsasg o Feeogineisthdats Withsrms of
irregularity of the surface and of the.cartjl truct 0 (Figure 2). This graph, like the preceding
one, confirms that trehtn?éﬁ’ﬁlﬁﬂwﬁ%&q% ﬂgl%‘zl%r&ﬁatﬁf rﬁr(g)f od structural integrity, to a significant
extent compared with thggp_tgtrﬁl%@ra@@s&gggrﬂ%r&%;vvith Condral treatment. The group of animals
treated with HA-S only presented slight cracks in the transitional cartilage zone, whereas those treated
with Condral(r) presentei 2% tniaekdak tesfodi$ mighe radial zone; the finding relating to treatment with
HA, which again proved as effective as Condralér%, Is particularly interesting.  Finally, Figure 3
illustrates the depth of theBEih alBhih thoshir2HiBk&&Ss of the cartilage, the maximum lesion being
one which causes Vi 2007/ Ot T R BAGAICRR0 2 hievooRise ol fizsuedaliondng totel
he data illustrate t I

loss of cartilage. e mean values of the lesions of the lateral and media

condyles: oncenagaibsiopas igniismesktratforakiie aiieniowibf Hiystein imorexétiectiiédhgntireatment
with Condraln or treatment with HA alone in 5preserving the inteﬁgrity of the cartilage matrix.

Analysis dfthe ldtazaprssbinsd inbreonidzley intitheetemat MALL t@enbidadrleficertth Bufshated GAGS

and HA in the treatment of gon-ipfla tory psteoarthritis, whether. it results from trauma/disease or
the normal joinf%{é]i‘r?g"brggé}s%.e %*f’rr:le%ge% §r§/) ﬁé@géldnp&agfb%rbewaagé?g{é e@r\%ﬁﬁwr%%grs
molecules usefiylte siieRFhanRibeedragelitaisnativvwanad aneallagen (pogsibirdvdretysad) or other
GAGs, or with other pharmacologically and/or biologically active substances such as growth factors

and/or hormonesstiftaminsgéspddiallynitamitked, @tidabnanisrasgogroupiBin getaiad, wSthntibiotics
and mineral salts (especially calcium, magnesium and selenium salts and other trace elements). The
procedures deil?r?ﬁé riREY herein therefore represent a definite improvement on the current

oral treatignts for thefsofgfaUeSURD- FHRWRTHIOM St RN afhy il asupigiaration of
-o, an

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.

20 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




20 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 sYi®ae8Ms74itthis case too, HA-S could possibly be associat@dTEB2GPEEr molecules
such as other GAGs or other pharmacologically and/og biologically active substances such as growth
factors and/or hormones, vitamins, antibiotics and antivirals. Some examples of preparation of the

formulations containingsH#Aireadly \Steted)Othd 366a14 R /6P 3NAHR03EArARheninvenEpRe¥es10ral and

intra-articular administration, are described below by way of example and not of Iimit_aﬂop. HA-S can
be formulated iflaifkadythw apstdeesr i immnhdhsteeroplpis sbsanmssofi i anmith téeabilistis,

formulaton. fon L FERUANLAT 6 G1LF MG PATC ARG Bl e A e, Ora
formulations The HA wigerif igse RARMIIONG DAY iR UR0Kee AP alBbnstBlidg and an
ge molecular weight of 180/200 KD; the concentration of 10 the Active ingredient ranges
between 56 anth¢d@chg ey dorswtikiEitaraplhd pHath7Eologitgidcoaipbnicapsules sanstituent
Amount (mg /cap) Actli:\{eglilr;g rlecgfrgglalrilségséh7esdata collected from the cartilage examination:
in the group of animals treated with saline solution (controls), serious
degeneration characterised by morphological alteration of the cell component
was evident. The situation of the animals treated with Condral® was better; in
10 this case the cartilage degeneration was estimated at 2.8, and was therefore
moderate/marked; it is important to note that this result is very similar to that
obtained with HA treatment. The cartilage of the animals treated 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
15 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

20  (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

25 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



Excipients Lactose g.s. for the capacity of the 00 capsule Corn starch 16.5 Anhydrous colloidal silicon
dioxide 7.7 Magnesium stearale 3.3 15Initially 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 betwedOitT/g&etin capsules format 00. WO 2007/137674PCTIER200Z400B320 11 Example
2 HA-S 200 mg rigid gelatin capsule Constituent Amgunt (mg /cap)

exposure of bone tissue following total loss of cartilage.

The data illustrate the mean values of the lesions of the lateral and
medial condyles; once again it was confirmed that oral treatment with HA-S is
more effective than treatment with Condral® or treatment with HA alone in

5 preserving the integrity of the cartilage matrix.

Analysis of the data presented here clearly indicates that HA-S is more
effective than sulphated GAGs and HA in the treatment of non-inflammatory
osteoarthritis, whether it results from trauma/disease or the normal joint aging
process.

10 If necessary, HA-S could possibly be associated with other molecules
useful to strengthen the extracellular matrix, such as collagen (possibly
hydrolysed) or other GAGs, or with other pharmacologically and/or
biologically active substances such as growth factors and/or hormones,
vitamins (especially vitamins A, C, D, and E, and group B in general),

15  antibiotics and mineral salts (especially calcium, magn‘csium 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

20 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

25  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



Active ingredient: HA-S 200 Exc pients Microcrystalline cellulose q.s. for the capacity of the 00
capsule Corn starch 35.1 Anhydrous colloidal silicon dioxide 5 Magnesium stearate 5 5Initially mix the
HA-S, microcrystalline cellulose, corn starch and anhydrous colloidal silicon dioxide. Add magnesium
stearate to the pi@pii/olitdined, and mix. Distribute the final mixture betweiTAFIgEIStR capsules
format 00. Example 3 10HA-S 400 mg rigid gelatin clq)osule Constituent
the invention, for oral and intra-articular administration, are described below
by way of example and not of limitation. HA-S can be formulated in all
known ways according to the state of the art in association with stabilisers,
excipients, preservatives and/or other substance considered useful to obtain
5  the best possible formulation, for the preparation of granulates, suspensions,
solutions, capsules and tablets,
Oral formulations
The HA used in these formulations has an average degree of sulphation
of 1, and an average molecular weight of 180/200 KD; the concentration of
10 the Active ingredient ranges between 50 and 400 mg per dose unit.
Example 1
HA-S 75 mg rigid gelatin capsule

Constituent 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 3.3
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



Amount (mg /cap) Active ingredient: HA-S 400 Excipients Microcrystalline cellulose g.s. for the
capacity of the 00 capsule Corn starch 35.1 Anhydrous colloidal silicon dioxide 5 Magnesium stearate
5 WO 2007/137674PCT/EP2007/003920 12 Initially mix the HA-S, microcrystalline cellulose, corn
starch and anhydra¥s/gdMdtdal silicon dioxide. Add magnesium stearate toRE®ERENTIRSIAINed, and
mix. Distribute the final mixture between rigid gelatinigapsules format 00. Example 4

Example 2
HA-S 200 mg rigid gelatin capsule

Counstituent Amount (mg /cap)
Active ingredient.
HA-S 200
Excipients
Microcrystalline cellulose q.s. for the capacity of the 00
capsule
Corn starch 35.1
Anhydrous colloidal silicon 5
dioxide
Magnesium stearate 5
5 Initially mix the HA-S, microcrystalline cellulose, 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.

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




HA-S 400 mg granulate Constituent Amount (mg /sachet) Active ingredient: HA-S 400 Excipients
Microcrystalline cellulose 65 Corn starch 15.5 Sorbitol 2250 Polyvinylpyrrolidone 47.5 Citric acid 10
Aspartame

WO 2007/137674 PCT/EP2007/003920
12

Initially mix the HA-S, microcrystalline cellulose, 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.

5 Example 4
HA4-5 400 mg granulate

Constituent Amount (mg /sachet)
Active ingredient:

HA-S 400
Excipients

Microcrystalline cellulose 65
Corn starch 15.5
Sorbitol 2250
Polyvinylpyrrolidone 47.5
Citric acid 10
Aspartame 32
Orange flavouring 180

Initially mix the HASI, microcrystalline cellulose and corn starch. Mix
10 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.
15 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



32 Orange flavouring 180 Initially mix the HAS 1, microcrystalline cellulose and corn starch. Mix 10
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¥@r08iaéd&Mix the granulate powder with sorbitol, citric aci®CASAEMBBAd orange
flavouring. Fill sachets with the granulate. 15Injectab5%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 I I I €R.Mmo f ly 10-20
a5 prer D e o L e S N P 8020 13
preparations. bhdieakbsdticibamiustbessivrilslandipytogenfree. It can also be freeze-dried and
reconstituted at the time of use. MCSL.L. 14 CLAIMS 1.Oral or intra-articular pharmaceutical
compositions containing as the  active ingredient sulphated hyaluronic acid for the prevention and/or
treatment 5of degenerative osteoarthritis. 2Pharmaceutical composition as claimed in claim 1, wherein
the molecular weight of the hyaluronic acid is between 50.000 and 800.000 D.



3.Pharmaceutical composition as claimed in claim 2, wherein the molecular weight of the hyaluronic
acid is between 100.000 and 230.000 D. 104.Pharmaceutical composition as claimed in claim 2,
wherein the molecular weight of the hyaluronic acid is between 500.000 and 750.000 Bic s 1
5Pharmaceutical composition as claimed in claims 1-4, wherein the degree of sulphation of the
sulphated hyaluronie acid is between 0.5 and 3.5. 614#harmaceutical composition as claimed in claim
5, wherein the degree 15of sulphation of the sulphated hyaluronic acid is between 0.5 and 1.5. 7.
Pharmaceutiggl epppgosition 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 20collagen and/or hydrolysed collagen and/or glycosaminoglycans. 9. Pharmaceutical
composition as claimed in claims 1 -8, containing pharmacologically and/or biologically active
substances. 110. PHarelaceutivat coitipokitiophasaResIHECH QPP SHERRSIT tHEPREh AC0IbSically

and/or biologically active substanc lected f the. 25 f vitami d/ [ | salt
andior hormdKaS SABF SRR RHARYAINPMSCIS 115 015 PSR4 BHAA L NP EURiBsiton s

claimed én cl%ifn I Vghg{g{?v@ &g&g@{ﬂ[{:ﬂ@gn of sulphated hyaluronic acid is between 75 and 400 mg
per dose€ unit. fif'.gln%ra-artlcu ar pharmaceutical composition as claimed in claim 1, 5wherein the

concentration of sulpRatachRyatueanicacihisshedween | a0 in claim 1, wherein the
molecular weight of the hyaluronic acid is between 50.000 and 800.000 D.
3. Pharmaceutical composition as claimed in claim 2, wherein the
molecular weight of the hyaluronic acid is between 100.000 and 230.000 D.
10 4. Pharmaceutical composition as claimed in claim 2, wherein the
molecular weight of the hyaluronic acid is between 500.000 and 750.000 D.
5. Pharmaceutical composition as claimed in claims 1-4, wherein 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
15 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
20  collagen and/or hydrolysed collagen and/or glycosaminoglycans.
9. Pharmaceutical composition as claimed in claims 1-8, 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
25 group of vitamins and/or mineral salts and/or hormones and/or antibiotics

and/or growth factors.



mg/ml. 13. Pharmaceutical composition as claimed in claim 12, wherein the concentration of

sulphated hyaluronie acid is between 10 and 20 mg/ml. 14. Use of sulphated hyaluronic acid for the

preparation of oral or intra- 10articular medicaments for the prevention and/or treatment &fC5LLP
degenerative ostcoarthritis without inflammatory sequelae. 15. The use as claimed in claim 14,
wherein the prevention of degenerative osteoarthritid without inflammatory sequelae comprises
preserving the structural integrity of the cartilage matrix and preventing its decellularisation. 15

10

15

11.  Oral pharmaceutical composition as claimed in claim 1, wherein the
concentration of sulphated hyaluronic acid is between 75 and 400 mg per dose
unit.

12. Intra-articular pharmaceutical composition as claimed in claim 1,
wherein the concentration of sulphated hyaluronic acid is between 1 and 100
mg/ml.

13. Pharmaceutical composition as claimed in claim 12, wherein the
concentration of sulphated hyaluronic acid is between 10 and 20 mg/ml.

14.  Use of sulphated hyaluronic acid for the preparation of oral or intra-
articular medicaments for the prevention and/or treatment of degenerative
osteoarthritis without inflammatory sequelae.

15. The use as claimed in claim 14, wherein the prevention of degenerative
osteoarthritis without inflammatory sequelae comprises preserving the

structural integrity of the cartilage matrix and preventing its decellularisation.



