OPHTHALMIC COMPOSITIONS CONTAINING MUCOADHESIVE
POLYSACCHARIDES ABLE TO PROMOTE CORNEAL
RE-EPITHELIZATION DESCRIPTION 5 The present disclosure concerns
ophthalmic compositions containing mucoadhesive polysaccharides able
to promote corneal re-epithelization. More specifically the disclosure
concerns ophtlalmic solutions containing arabinogalactans having a
protective action on the corneal epithelium, which 10 are particularly
recommended for use as art|f|C|aI tears for stimulating the recovery of
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scfera S0 that it appears slightly protruding forwards. Due to its peculiar char- .
acteristics of fransparency and avascularity, and for its shape, which makes it

a perfect concave-convex lens, the cornea constitutes an essential element of
20  the ocular dioptric system.

Its anterior surface, convex and elfiptical, has a horizontal diameter
slightly higher than the vertical one, and thus it has & different curvature in
these two directions. This difference causes physioiogical astigmatism. The |
posterior surface is concave and circular, and instead has the same diameter

25  and radius in all directions. Corneal thickness ranges between approximately
0.5 mm in the central region to approximately 0.7 mm in the peripheral region,

Histologically, the cornea is made up of five layers, which are as fol
lows from the outside inwards: the epithelium, Bowman membrane, the
stroma, Descemet membrane and the endothelium.

30 - The cornea carries out its optical function thanks to a perfect {rans-
- parency and to the evenness of its contact surface with the air. The latter
feature is due to the presence of the lachrymal film (tear film) covering the



-2 epithelium, which is per se rough due to the presence of a meshwork of
mi- croplies in the external layer. The tear film makes the epithelium
smooth, uniform and of high optical quality. The tear film, which also
cgpuemthmdulbar conjunctiva and palpebral 5 conjunctiva, itempaaecsis
of three overlapping layers, which are as follows from the external one
inwards: the lipid layer, the aqueous laygr. and the mu- cous layer. The
mucin produced by the goblet cells of the conjunctival epithe- lium makes
the whole epithelial surface smooth, enabling the uniform distribu- tion of
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Other physiclogical characteristics of the cornea are its specularity
(ght refiection on its surface), which is linked to epithelial integrity, and per-

20 meability — an essential function for the aqueous turnover and/or the penetra-
tion of foreign substances such as drugs.

The considerabie sensitivity o stimuli of various kinds is linked, finally,
to the great innervation of the membrane, which decreases in old age and in
the presence of some phiogistic and dystrbphic—degeneraﬁve alterations,

25 The corneal alierations most commeonly found may represent the initial
symptoms of processes of a flogistic, dystrophic or degenerative nature, or an
evident state of disease. Among the alierations of a mechanicai-iraumatic
nature there are: corneal abrasions, due to & superficial rubbing of the comeal
epithelium or to contact with foreign bodies, such as metal, glass or piastic

30 particies, wood or plant residues; lacerations and perforations due {0 objects
enfering the eve with particutar force and which penetrate in some depth;
recurrent corneal erosions, which consist of spontanecus episodes of break-



recurrent corneal erosions, which consist of spontaneous episodes of
break WO 2007/020671 PC /Fr2006/000616 -3 age or scaling of the
corneal epithelial layers; burns caused by weak acids or weak bases,
MeaRg7/0dtcdviolet radiation. Destruction of the corneal epitheditifmrisoampsis
way increases the risk of invasion on the part of pathogens, with
potentially devastating results. The 5 cgnjunctiva is, in fact, one of the
body's tissues colonized by microbes right from the very first moments of
extrauterine life, and it must be noted that among the habitual resident
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very serious and disabling kind that can lead to corneal ulcer. Bacterial
keratitis is CRErEeMHEl BeaesrsipaEile alsetamitet tsadplthbsibaanngd and
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of a mycotic type, mycotic keratitis Is caused mainly Ilamentous
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ker%ﬂ%ﬁﬁ% %%gtg aﬁh\.i;?rﬁ’é‘éé‘%&% 'm"YzQEé%Q‘S. These can invade the corneal tissue,
especially in the presence of corneai lesions, and give rise to keratites of even
20 a very serious and disabling kind that can lead fo corneal ulcer. Bacterial
kerafitis is characterised by acute pain, ulceration of the epithelium and,
sometimes, of the corneal stroma, as well as conjunciival secretion. The
ethiological agents of this type of ocular lesions are: S. aureus, St pneumo-
~ nige, Ps. aeruginosa, Citrobacter, Klebsielia, Enterobacfer. Moeover, Myco-
25 bacterium cheionei and Mycobacterium forfuitum can cause chronic cornieal
ulcerative lesions. As regards ethiological agents of a mycofic type, mycotic
keratitis is caused mainly by filamenious sabrophyte mycetes and yeasts that
colonise on the comneal epithelial iesions. Finally, keratitis due to Acan-
thamoeba is a rare form of chronic keratitis caused by this parasite ~ which
30 can even threaten eyesight — and is characterized by a ring-shaped multifocal
suppuration of the corneal stroma in sﬁb}ects presenting previous uicerations.

All corneal alterations (whether of the traumatic, phlogistic or degen-



3a can even threaten eyesight - and is characterized by a ring-shaped
multifocal suppuration of the corneal stroma in subjects presenting
previous ulcerations. All corneal alterations (whether of the traumatic,
phbagistiewridegen WO 2007/020671 PCT/IT2006/000616 raTaRAtNE000616
type) which cause tissue destruction or loss of substance are quickly
repaired through physiological mechanigms that differ in part from those of
other tissues because of the avascularity of this membrane, The healing
proc- ess, which is influenced by the characteristics of the lesion and is

certaialive Mese Rradteraatie sthe perserasobsepiic vlerlattanse alwaysickly
starts at.th ithelial level, not only in case of superficial damage limited

Rl SR BT El AR RASTERS RS BIRASHEG, of
an imeeiditsnest desauptinéibmavesnsineinbtiobsnembiaesioietheslinaproc-

be examplifiad asithaefrunatpnrel aarepithslial CaPIHRCRRRSANNPS certainly
regulating the development of 10 the subsecgjent ?h,enomena of collagen

FegdHRIRIAP AL FHBR P REERGHR: O SHRUSIHIRE O REp AMAY PR ot the
thanisitabsm! tevibie moackdd imitetie aictivityrititielealbgkeiinairdd o this layer, but

regigR ARt ¥s§a‘{)§§§é@?ﬂ%¢8&@nﬁg@£§%tt@?‘iﬁé%g%rﬁr@iﬁ?é?é’&{éﬁyof the

interruption of th - logica anism of surface ce scallng and a
shiftefiaati oo MasiEw1 S’ adjastteenstothaé ManiseBeBrlfipgeas the

interfstptiRRceAsas whendhne dafi* sienisatry farcamnletely eeveamaiapgent of
1the r%i%en ration of the e rri}heg%lfel -ameen}% assures ;Lhe restoration of the
Rorrrti SIS néi‘? Adternaties, e aiteration i%[epl'thelial, its complete
recovery gublieiatepiithial restandact ebmsitatt memepaiiedspruddlafigrigdaiso
trangpRRENEYridld MRSHEGHANIRNS HRl ke RAYSROCAIBTaLRIN ARIANS at the

contact lenses. The causes of abrasion may involve different factors of a .
phy<IRBSELC SR VEUMEC AR A9GHE, AlETRe @B EWRLEL RS the physio-
indugegichy meotactidensé s oeaachealuecadiirpadicl st thetd osgraiion of intact
ifficylties | Ir insgli val~pro - i
ool O B AR U R RS ACIPOS R e the der

Theséeabrisiis AeapPiRiAle dRmatsRrf DS MgENsRaisbidhsesphigial cle-
they AERINSE8 FOBIMO Relitd18aES Of figiduirRse SirbidilliaytaRadluntasson

500 users of.spft catagt JenReg Shans d 1ot 401Gt 8L NG arantees the
restoration of perfect membrane specularity and transparency.

20 A particular and not rare cause of corneal abrasions is contact ienses,
The causes of abrasion may involve different factors of a physiological, toxic
or mechanical kind, and the comeal abrasions induced by contact ienses can
be due, in particular, to their use, to difficulties in their insertion and removai,
problems of lens-carmesa relations, ;:%amaged lenses or to foreign bodies

25 ftrapped under a lens. These abrasiohs may derive from using both rigid and
soft lenses, but they are more common in users of rigid lenses. A study con-
ducted on 500 users of soft contact lenses showed that a third of them had
rather serious problems with their eyes that could result in infections, and that
almost 50% of them had signs of miid lesions on at least cne eye (R.J. Derick

30 etal, CLAO J., 1989 Oct-Dec; 15(4).268-70).

Corneal abrasions are thus a problem that may affect anyone, but
contact lenses undoubtedly cause friction on the cornea, and this increases



rather serious problems with their eyes that could result in infections, and
that almost 50% of them had signs of mild lesions on at least one eye

(R.J. Derick 3o et al., CLAD J., 1989 Oct-Dec; 15(4):268-70). Corneal
sgrasioigeire thus a problem that may affect anyone, but ecantacilsnsess
undoubtedly cause friction on the cornea, and this increases WO
2007/020671 PCT/rr2006/000616 -5 thg likelihood of the occurrence:

users of contact lenses suffer from corneal lesions about three times as
much as non-users, The use of contact lenses may also produce a series
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preference has been given to compositions based on macromolecular
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CeIIyéga%iewgg%glken%%r&ﬁygwﬁ&r&%mgl llymer*‘ of synthetic, semi-synthetic
or natural origin. On the assumption that, in order to have & high pre-corngal
20 permanance time, a tear fluid subsiiiute must have properiies as close as
pessible fo those of mucin dispersions, that is, it must behave as much as
possible like a muco-mimetic substance, the preference has been given to
compositions based on macromolecular compounds of natural origin such as
celiulose derivatives (in particuiar, cellulose esters Eike carboxymethyiceliu-
256 lose, and aicohol derivatives of cellulose ethers like hydroxypropyimethyiceliu-
lose), glycosaminoglycans (in pariicuiar, hyaluronic acid, a polysaccharide .
present in many human and animal tissues and fiuids, and widely used in
ophthaimic preparations), polysaccharides having suitable rheological proper- -

ties (such as polysaccharide extracted from tamarind gum, TSP).
30 Moreover, in order to be able to present the required lubricating prop-
erties of the cornsal surface, these iear fluid substitutes always have g certain
viscosity (even if, in preferred solutions, this viscosity decreases drastically



lose), glycosaminoglycans (in particular, hyaluronic acid, a polysaccharide
present in many human and animal tissues and fluids, and widely used in
ophthalmic preparations), polysaccharides having suitable rheological
proper- ties (such as polysaccharide extracted from tamarind gum, TSP).
30 Moreover, in order to be able to present the required lubricating prop-
erties of the corneal surface, these teargdluid substitutes always have a
certain viscosity (even if, in preferred solutions, this viscosity decreases
drastically -6 when the product is subjected to a shear stress, as in the
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a result, the proposed compoesitions, associated with contact lens use, are
20 able to stimulate the healing of comeal abrasions that may arise, preveniing
the aggravation of epitheiial damage and any complications. As aiready men-
tioned, another important characteristic of the product, which makes it innova-
tive and ideal for the purpose, is that — although possessing suitable mucoad-
hesive properties — it does not alter the viscosity of aguecus solutions, and
25  thus does not interfere with vision both in subjects wearing contact lenses and
in non-users. At the same time, the mucoadhesive properties allow the prod-
uct to establish bonds of various Kinds with the mucous lining the conjunctival
and corneal surface of the eye, and these honds enable a greater perma-
nence of the product in the pre-ocular region, and thus the possibility of per-

30 forming the re-epthelisation and hydrating activity characierizing the product.
Ophthalmic soiutions for use as artificial tears containing arabinoga-
~ lactan as corneal surface lubrication polymer are already described in US

um — acceierate recovery, As -



25 thus does not interfere with vision both in subjects wearing contact
lenses and in non-users. At the same time, the mucoadhesive properties
allow the prod- uct to establish bonds of various kinds with the mucous
lining the conjunctival and corneal surface of the eye, and these bonds
enable a greater perma- nence of the product in the pre-ocular region, and
thus the possibility of per 30 forming the re-epthelisation and hydrating
activity characterizing the product. Op‘hf‘ﬁalmic solutions for use as
artificial tears containing arabinoga- lactan as corneal surface lubrication
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other hand, the re-epithelisation and protective properties of the corneal
surfaReeSroNATBYIaRaRIRoER 20t AN RN BeERHIRLED ANgeas a neces-
propertigsgyedignthem a high permanence time in the pre-corneal film,
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since they can make use of many other products suitable for the purpose
shoPﬁ@“@ié%H}ﬂBSiﬁB?P?&]W@ RRETROIBSRh it Sedveiverneal film, even in

the absence of any significant viscosity, are not in any way conditioned by the
co-presence of benzalkoniurmn chloride. Therefore, the re-epithelising composi-
20 tions containing arabinogalactans according to the present disclosure rule out
. the presence of benzalkonium chioride since they can make use of many other
products suitable for the purpose should the composition require the inciusion

of preservatives.
As is known, arabinogalactans are a class of long-chain, densely
25 branched polysaccharides with a molecular weight ranging between 10,000
and 120,000 daltons and a central structure consisting of a chain of galactopy-
_ ranose units. In nature they are found in various microbe systems, especially
Mycobacteria, where they are complexed with peptidoglycan and mycotic acid
to form the cell wall. Many edible and non-edible plants are rich sources of
30 arabinogalactans, mainly in a glycoproteic form. Many herbs with acknowl-
- edged immuno-stimulant properties, such as Echinacea purpurea, Baptisia
" tintoria and Thuja occidentals, contain significant quantities of arabinogatac-



As is known, arabinogalactans are a class of long-chain, densely 25
branched polysaccharides with a molecular weight ranging between

10,000 and 120,000 daltons and a central structure consisting of a chain

of galactopy- ranose units. In nature they are found in various microbe
systems, especially Mycobacteria, where they are compiexed with
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tissuemeibplanipoiie) L exgends ahr@aé@astisfwagw@mﬁmeﬁ mgusﬁﬁas source
arapinggalactans, especially Larex occidentalis, but also Larex da- hurica
o R VP Ae T P uRan e e dpeaang © be
LardSéattofepis eodpphnese purrtacs |arsh wo dudtisthesmestconmon, but also

industiiabseusce of-aabinegaliackan; fram WhiehSQWICR RIS nal ingredient rich
pol}/sggcharl e is extracted to be used not onlg for industrial purposes,

sudh ¢ Tn theWS5MEE & ThaGSRT BulRRE ARG 8 in the food
industry, as a dietetic and nutritional ingredient rich in fibre, in beverages
and also as an immunomodulating agent,.pummary According to a first
aspect, there is provided an ophthalmic composition for use as a tear fluid

substitute MEARY S protechv e irdemitr RmEas iy - iEoRtaIsi g Treaition
1% frer L8%0ely=weightiofianahitogalestan in pRRGUeoHsEalWImatising activity,
ch ise t C [ not tain benzalkonium chloride, Ir
e B e B Y SR o
corffISHIGHTRN hd adrtémrtfiuipaupstimewithe keratuprotetaves.

activity ang reﬁ)ﬁ@ﬁﬁéellisiag}@@ﬁkv&ﬁ, cqaaéairai@?s@ﬁw,ﬁ%béc%@wdl%%@ﬁ&s an
wei of arabinogalactan in an agueous solution, ¢ graﬁcterjnze y the
tac O o g Bl PAIER A R S FHBL UG S0 eferatoproiecive
corfcénitations o rizmipogaattan forrteminsepropeset 4ceordingtdthesight

presentAisclosure.arey spesticalls the concenttationsranginghetueen; .
3% and 5% by W%%pt of polysaccharide, in an aqueous solution.

AcESTATHY T the BratstiéteniB o et 6f Al Bre Skl s clodtientipiions  of
arabmogalectarzused imethescompositionscpropasiediis: arabinggataciaore are,

- fro@ecificatly, the concentrations ranging between 3% and 5% by weight of
polysaccharide, In an agueous solution,

According to the preferred embodiments of the present disclosure, the
arabinogalactan used in the compositions proposed is arabinogalactan from
larch of pharmaceutically accepiable grade. In particular, the ar.abinogalactan
preferantially used in the preparations according to the opresent disclosurs
(arabinogalactan CAS#E 9036-66-2) has the commercial name of FiberAid® AG
and is produced by the LAREX® company (Cohasset, Mn, USA) in accordance
with US patent No. 5756098, This arabinogalactan is in the form of 2 fine white
powder (molecular weight = 45 kdalton), dispersable but not completely soluble

in cold waier,



larch of pharmaceutically acceptable grade. in particular, the
arabinogalactan preferentially used in the preparations according to the
present disclosure (arabinogalactan CAS# 9036-66-2) has the
commercial name of FiberAido AG and is produced by the LAREX(r)'
company (Cohasset, Mn, USA) in acco dance with US patent No.
5756098. This arabinogalactan is in the form of a fine white powder

(molgaulasweight 71 45-kdalion). disgersable hut &!9558@&%%‘%;5%%%%3

cold water. -8a__ All the arabinogalactans isolated from lar c

nitroGEnt TS PR dEeaHESS, CORBIHY Of the aledlirins dolpddetPbft-0-
the gnaictahaim:of tyed1-3)iR-fDegalactopysanartypaewhilgdopsasinded in
consistaf laterab,graups hopde al!éa?g%%“ogr%?:“-%)iwtgsgacsﬁ‘; Z'r?gé?%% from

unit, whose size varies from mohosaccharides’to olygosaec es’The
distribleR6F B FatEt Aot TS IseE unh eI TRER AR hadrig giaupuss s
tphe@S@&iﬁﬂﬂ%@(ﬁ%@ﬁﬂ@%@ﬁ@}@@&B‘@‘E@?}@S@@Chﬁréde {5@-@&5;:)1-{'15 Mg}-g-aw
-L-Arap-(1->3)-a-L-Araf, Less frequently, there is,the mopomer 1-D -9-
Gl oD B NG, ot The SETALE o abih e TRRE Bra ey
molar ratio of approx. 6:1. Morphological studies on arabinogalactan have
shown that this poly- mer has great conformational freedom and may take
on many distinct shapes, 5 but the main chain generally has a rigid triple
spiral helix structure while the lateral groups form flexible branches with
many exposed hydroxy groups (R. Chandrasekaran, S. Janaswamy,
2002, Carbohydrate Research). This is considered to be the reason
underlying the mucoadhesive characteristics of the polymer, which makes
it able to establish hydrogen bonds with the mucin 10 mniecules of the
eye. According to some specific embodiments of the present disclosure,
the ophthalmic composition contains - besides arabinogalactan - also one
or more tonicity-adjusting agents that give the solution the desired
osmolarity value. Since the proposed ophthalmic solution may be isotonic
or slightly 15 hypotonic with respect to tear fluid, the tonicity-regulating
agents will be pre- sent in the composition in such a quantity to provide a
solution with an osmo-



larity ranging between 150 and 300 mOsm/L. Preferably, the said one or
more tonicity regulating agents are chosen from the group consisting of:
mannitol, sodium chloride, potassium chloride, dextrose, boric acid and
sorbitol. 20 Since arabinogalactan tumedeout to be stable also in aqueous
solu- tions buffered at various pH values, other ingredients that can be
added, simi- larly to what is already kng\gr_l in the pharmaceutical field, are
one or more ophthalmically accepted acids or bases, as pH correctors,
and/or one or more buffers. In particular, the usable buffers may be

chosapdromHB e @iRer 2RI INaOloRRRRRAG BulfshiRate el in o

citrate puffer, bicarbonate buffer, trizma buffer
(tri- RO X HR B FRRIA¥ Rdmethane). Further, other buffer sys- tems can

be advantalferpistjopie stuthescompesitinsgatasardingodheiIestie poly-
Wh r ' in mo njts, the composition . 30

can B o e B BP0 e B I8 MBS o B e
Thidtiidhp 5atibIehsie avairiyshtn@afigisomplatipriralitieinesrstire: whie the

in patdiciigrogesivmmeribiel e HERsIAS AhRRE BYNBEAUNIRNR S Slips (R.
aceﬁﬁ%halgs é](ha?nxlegwybalcoshol, me%- ethyl- and dﬁ)%%pyl araben, This |
chlorNEXIding Acetate” or gIEORATY a &R0 %Eﬁrh TR NG SIS This is
che%ﬂ*@dawﬁs Iectiieeredecatemde B ivanThecadtiesivey bbareetpristids of
to thRCOBARSHIQMTAIRENBING ARPIBOSAIAHANT A GRIINER RD@? the mucin

inventipn. Accordin%Cyto another aspect, there Is provided the use of an
G phRARRIES R i ®bhtaining from 1% to 10% by weight of ‘
arabinogaléctamdingaqgsens ssalcifio rrabddivicetn tfi tiaplesaraiiodinsure, the

chlgy| H‘QH{&G g)g H)q,p r fluid substitute. . Accarding to another
embé%fl{ment., t_ﬁé)r:;o%esgnt dics?é'%éﬁ%e aIs%%Fc%w &S chégé}gg%%aﬁ also one or.
ophffeiitnforisirEhthinas e thiale pive/dhmdoltionibigieainet! osmolarity
prefesiiely Sinbuegr Jfopbska bpMNRIaR! SNIRaR IMRNRIBE LB nRAYE LSty
1{0|L%|3?n {or.the. rOdUC“Q& of an %ﬁrﬁha}_l.mlc composition with a kera-,
oprof BRI NG LB RRAE IR G R BH Gy R AW ERBeutRtN 9RO (illiBR Pre-
of teenéiidiaphtngositico mpmsiticn gaantitieto pirtviie se sofiizrzaiko B s mo-
chiqgge r%%[@@@ﬂ%ﬁﬁ@%@%@smm Preferably, the said one or more
tonicity regulating agents are chosen from the group consisting of: mannitol,
sodium chioride, potassium chioride, dextrose, boric.acid and sorbitol,

20 Since arabinogalactan tumediout to be stable also in agueous solu-
tions buffered at various pH values, other ingredienfs that can be added, simi-
larly to what is already known in the pharmaceutical field, are one or more
ophthalmically accepted acids or bases, as pH correctors, and/or one or more
buffers. In particular, the usable buffers may be chosen from the group con-

25 sisting of: phosphate buffer, boraie buffer, citrate buffer, bicarbonate buffér,
trizma buffer (iri-hydroxymethyl-amminomethane). Further, other buffer sys-

tems can be advantageously used in the compositions according to the disclosure

When the product is not packaged‘tn monodose units, the composition

30 can also inciude preservatives and antimicrobics, except for benzalkonium
chioride. Possible preservatives that are compatible with the product are, in
particular, sodium merthiolate or timerosal, phenyimercuric nitrate or acetate,



More specifically, the ophthalmic composition realized with the use of
arabinogalactan according to the teachings of the present disclosure is a
tear fluid substitute indicated for contact lens users. According to some
specific embodiments, the said ophthalmic composition is a tear fluid
substitute indi- cated for the treatment of R%?aToconjuctival lesions and

inflammations and, in the latter case, may be more specifically an
opheRamitetrafsesitlomeibim ethihded forcihdoaasiene mhisrbexitiae acetate

abrasignedrased dyHeaakiens use, Some examples of
arabinogala an-containirrﬁlcg’ compositions usable as tear fluid substitutes

with a keratSBiRtEcRIE AT FEWHHRASRIRy ki elelstamatd e can be
invexsiied andvgnesentestib ddothebyorwmapsifioran donitiming xambiptesiactans ac-
Comgpasitan thasahinggalactan 2% w/w mannitol g.s. to 300 mOsmol/kg
phosphate buffer pH 7.4 g.s. to 100% w/w Composition 2 arabinogalactan

3% wiw maAteIge P 360RSsASRRY: doRSRisEd ravdss sthe 1sewPf an
w/wopbtraipositolutB f koatabingdadactsis 68610y Y akdighs.dba388inogalactan

MOSMQkGoALIQRISREWVAIRT ht IR/ el OIR, ﬁjﬁr?”cﬁlgride for the

arabinogalactan 2% w/w mannitol g.s. to 300 mOsmol/kg phenylmercuric

nitr I BEHPVBNBF A PR B {ifer pH 5.9 q.sito 100%w/w
CompositiorBchtrians hinegatzatasniodimar a6 (uesienBaR cOs Glikg pro-

vides the use of an ophthaimic solution containing between 1% and 10%
weight, and preferably between 3% and 5% by weight, of arabinogalactan in
aqueous solution for the production of an ophthalmic composition with a kera-
toprotective and re-epithelising activity. As already noted, the formulation of
the said ophthalmic composition can rule out the use of benzalkonium chioride
with no problem whatsoever.

More specifically, the ophthalmic composition realized with the use of
arabinogalactan according to the teachings of the present disclosure is a tear
fluid substitute indicated for contact lens users. According to some specific
embodiments, the said ophthaimic composition is a tear fiuid substitute indi-
cated for the treatment of keratoconjuctival lesions and inflammations and, in
the latter case, may be more specifically an ophthalmic composition recom-
mended for the treatment of corneal abrasions caused by contact lens use.

Some examples of arabinogalactan-containing compositions usable
as tear fluid substitutes with a keratoprotective and re-epitheiising activity
according to the invention are presented below, by way of non-limiting exam-
ples.

Composition 1

arabinogaiactan 2% wiw

mannitol a.s. to 300 mOsmol/kg

phosphate buffer pH 7.4 g.s. to 100% wiw

Composition 2

arabinogalactan 3% wiw
mannitol g.s. to 300 mOsmol/kg
deionised water g.s. to 100% w/w

Composition 3
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15

25

30

Sodium merthiolate 0.008% w/w deionised water g.s. to 100% w/w For
the preparation of the aforesaid compositions, a quantity of accu- 15 rately
weighed polymer was dispersed in deionised water or phosphate buffer
and kept under stirring until it is completely dissolved. Suitable quantities
of the other excipients (mannitol, NaCl and/or preservative) were added
to the solution thus obtained, still under, stirring until they were completely
dissolved. The compositions thus obtdiﬂjd can be sterilized by filtering
through a 20 0,22 pm membrane. The specific characteristics of the
present disg}ggmg?agé%qll as its adé/%n\t,@g}es, will be more evident with
reference to one of its specific embodi- ments described below merely for
exemplificatlé&'purposes, together itk tfe3¢8snRs el experiments
carried outdeidhieatianstarith the datg f0kcompariAs sons with the prior

art. Some XNS .o ?t. tglz{esults are also illustrated in the figures of the
attached dravvrrpgs—v%’fm

105, ein: Figure 1 shows the variation in viscosity of
§he compogitaiiRagsiagian ing arabirdYatetan in aqueous solution

according tgidhaifyesent invention aé_ghﬁ, W@H&ﬂ(- polysaccharide

varies; 30 Oliﬁure 2 shows the trend o;éggrgo-corneal permanence time of a
solution cdMiaTNIH HrABTSGaIE ctarPRE IR o the invention, evaluated
by determiphirapbetiebrefoatt dedivativetofiaihinggalactan; WO
2007/02066%,!3&@%]:‘2@06/000616 -12 Figure 3 shows the results
obtained wi € Schirmer | test carried out on rabbits treated with

0atropine sy%ﬁ%i@gﬁgﬂﬁrbrder to expériientally induce dry eye; in one

eye of saidnalbits a composition c%@imgrﬁm%?ctan according
to the invergion (AG-Spl) s also aéj [nistered, as treat- 5 ment; Figure 4
R AGSa e also almins

shows a hiStogram of the regults of a3 ¥pithelium alteration test
carried outdglonitedrestein and obsgryatiohd¥stitkamp carried out on the

same rabbitgOfeIgiB 2 afdAUSE ROEABUSEY LERRLSHIRIES 'ﬁ&%r?tfit? of accu-
recover?’/ test of a corneal . , .
.ratel weighed polymer was dispersed in deionised water or phosphate buffer
and kept under stirring until it is completely dissolved. Suitable guantities of
the other excipients (mannitol, NaCl and/or preservative) were added to the
solufion thus obtained, stilt under sfirring until they were completely dissolved.

The compositions thus obtained can be sterilized by filtering through a

20 0,22 um membrane.

The specific characteristics of the present disciosure, és well as ité
advantages, will be more evident with reference to one of its specific emnbodi-

ments described below merely for exemplificative purposes, together with the

results of the experiments carried out on them and with the data for compari-
sons with the prior art. Some experimental results are also illustrated in the
figures of the attached drawings, wherein:

Figure 1 shows the variation in viscosity of the compositions contain-
ing arabinogalactan in agueous solution according to the present invention as
the concentration in polysaccharide varies;

Figure 2 shows the trend of pre-corneal permanence time of a solution
containing arabinogalactan according to the invention, evaluated by determin-
ing a fluorescent derivative of arabinogalactan: |



10 lesion experimentally induced in rabbits, which were then treated with
the composition according to the invention (AG) or, for comparison, with
tamarind gum saccharide (TSP) or with hyaluronic acid (HA); Figures 6
and pargpaphically report - on two levels of detail - the resutisTafrancs/sossis
recovery test of the corneal lesion experimentally induced as in the 15
tests of Figure 5, wherein the comparis B i is made between the
composition of the present invention (AG-Sol) and a similar solution also
containing benzalk- onium chloride (AG-Bz); and Figure 7 shows the

reslutlts of C‘F”g@?@cﬁkmt?{% 'fhlleefgté%!@ %ﬁ”agﬂ@egtWﬂ%ﬂﬁreeS@W 10t8st carried
solution contajning ara actan accorain jnven |

G P A 1R 7 A SR AT B FEip crrentally
(AGiBiL)ce/tkg(m{ty te stse/sub wspdattdsits soktiopsyFilrecAdginGaofbinogs-
LAREXE) &%ﬂﬁﬁze ’ta!)\/lﬁ‘re %ﬁvglﬁﬁ)w heremaiter called AGHINAIRHS 5¢ treat-

concentrations (0 2,3,4,5,6,7,8,9 and 10% by weight)
\ﬁ/eré"ﬁjﬁjected to wscosﬂy tests by using a Rheostress RS 150 (Haake)

rotational vicgagingtenputh eoamb@rﬁn@ertma@suremm hagies(&46theiium
and f:"e]s" tioafr;( 00 stan& rE réer Osfc%SC nc{' ebélelesco 't valu (?a%f\ thcearrred
solufioRs are reporfted graphically in Figure R AR L e FRwings.
The pHedhtasamsr&abhitiedl HIBWSr Yielocity gradient values ranging

between 0 @ seepardifremmdhe W@%!@%@QW@@U@@WWM comeal
shear WO 2007/0 20 71 PCT/IT2006/000616 b%bstress éﬂé and ve CI'[

GradiEHRS GO EBRs by Hah dARRCa 5P hg PAIEB AN the

softvmmptbsm trasribogdotiiat thess@hutiGhS odthieAdddppedact, dtretamarind
Bﬁ& QicR %@WW ?Q%Q)%E%tcmwt thyxotropy. The

onia ehawour of the AG solutions is due to their non- 5 viscosity -

a deswable Efargs&isnd ifinersalisaly siibEtns fpvapphels o' ffiadys the

whenewgiar it centaeiiersest s ibatihe kguid paneiradnglinidbeeSpace the
betweeg |e{}:°‘; and cor ea do?ﬁ not cause ang/ hazin s of vi

&g e B W Ietein e contparison is made een%he composition of
ucoadhésio S
the present invention (AG-Sol} and a similar solution also containing benzalk-
onium chioride {AG-Bz); and
Figure 7 shows the resulis of cell {oxicity tests in terms of ceil vilality
after exposure to a solution containing arabinogalactan according te the inver-
20 tion (AG-Sol), or 10 a similar solufion also containing benzalkonium chioride

(AG-Bz).

Viscopsity tests
Arabinogalactose solutions (FiberAid® AG of LAREX®, Cohasset, Mn,
26 USA), hersinafier called AG, in various concenirations (0.2, 0.5, 0.8, 1, 2, §, 4,

5,8,7, 8, 9 and 10% by weight) were subjécted to viscosity tests by using 2
Rheostress RS 180 (Haake) rotational viscosimeter with coaxial cviinder
measurement bodies (Z40 and Z41), at a constant temperature of 25°C. The
viscosily values of the solutions are ;'aporte_ad graphically in Figure 1 of the

3¢  attached drawings.
The rheograms were carried out for velocity gradient values ranging
patween O and 200 sec™ and, from the graphs, the correlation between shear



10 1. Mucoadhesion tests on solid matsix The mucoadhesive properties of
arabinogalactan according to the invention (FiberAid(r) AG, Larex(r))
were assessed by measuring the force re- quired to separate two mucous
sipfzoes2between which the sample under examination wastplaceek/®oas
mucous surfaces were composed of an aque 15 ous dispersion of 25%
pig gastric mucin (TCI, Tokyo) adsorbeglon filter paper (Saettone et al.,
1989, Int. J. Pharm., 51:203-212). The equipment used consists of a
micrometric scale, a mobile plat- form and computerized system able to

receicbthqfosae O&%&?@%&ﬁeﬂﬁg%%ﬂ%ea%@s%&ﬁ%ﬁﬁaéﬁ@ﬁmdﬁ‘@%cessmg
examinatjon and mucous layer a nction 20 of the elongati
(oo P HDEOREBR: ERAR T el e RONIHE EHTRAP plRuc
adh@@mMnmnﬂeaﬁom@th@mﬁnde@M$mmbﬂﬂmtmpy
polysacchayide RQM&%HWQ{&){@UW'B?“{RQ R&léd”ﬂﬂ% lafneigL %Bdtﬂrem%n-

thickness, that were prepared by compressing a suitable quantity o

%ol%ﬁé?%@ mété‘ﬁé%?‘?n'é%‘@ eaRdfatif greeLime Rif‘l@ﬁ%%ea%%ﬂ“ed to

presgiseireyefah@0nkgltm Zohkecteshtissohtained meree@mmwﬁedwﬁb th® the

adheS|on 0 W ke{rq:‘ne s ure f%nsé)“ rg%tgr{g s of the Same. size Wt\t}sion

TS- po ysacc ari e nown Aihe IE%eFature '

mucoadhesive, prepared Wlth the same method. 30 The results obtained

are gapyiesdaithe dollewing Table, WO 2007/020671

PCT/1T2006/00 316 14 TABL : 1 Adhe5|on work for the polymers under
f-traea = EFSEStcin/mucin Adhesion work

282. 77 355T8@ mﬁo@éd(msgmm)om& @O a8 gaa2aRfiscioaitsd o the

eVﬁIH@é%f?f(ﬁ?ﬁe?'H@@%‘?f ﬁ%?eW%fézgé}éé%%écﬂ‘ye%Qsénhaﬂ% force re-

quired {o separate two mucous surfaces between which the sample under

examination was placed. The mucous surfaces were composed of an agque-
15 ous dispersion of 25% pig gastric mucin {TCl, Tokyo) adsorbed on filter paper
(Saettone et al., 1989, Inf. J. Pharmm., 51:203-212).

The eqguipment used consists of a micrometric scale, a mobile piat-
form and computerized system abie to record the force necessary to detach
the two surfaces {sample under examination and mucous layer) as a function

20 of the elongation (software TP 5008, TiePie Engineering, Leeuwarden, Neth-
erlands}.

The adhesion work was measured for solid matrices consisting of the
polysaccharide polymer under examination, of 13 mm diameter and 1 mm
thickness, that were prepared by compressing a suitabie guantity of polymer
25  material by means of a hydraulic press (Perkin-Elmer) at a pressure of 3,000
kg/om?.

The results obtained were compared with the adhesion work meas-
ured by solid matrices of the same size with TS-polysaccharide (TSP}, already
known in the literature as mucoadhesive, prepared with the same method.
30  The results obfained are reported in the foliowing Table.



To examine the mucoadhesive properties of arabinogalactan (AG) in

more detail, the method of Saettone et al. (Saettone at al., 1994, Journal
of Ocular Pharmacology, 10:83-92) and Hassan and Gallo (Hassan,
@allowiasR7iPharm. Res., 7:491-495) was followed, consistir@ioos/000616
measuring the viscosity 10 variations caused in a mucin dispersion after
adding the polymer. According to this_mgthod, the viscosity component
due to bioadhesion, rib, was calculated by the equation Tib = it - rin, - rip,
where it, rim and rlp are individual coeffi- cients of viscosity of the system,
mucin and polymer, respectively. Thepamlge| of rib was subsequently
normalized accordin fO||OWI equ tion; an/rl 15 11b LTip. T

the measﬁﬁfﬁ%?ﬂ}ﬁé"é%‘ﬁ \ﬁa |§tlé}ﬂ§ die c% ma‘tclf% Iymer % %e*ractlgnp
were carried out on aqueous so = }
(rim),.ii) AG and other polymers]
effective cOHBEFPABRE (rip); iii)
concen- 20 traétgvmﬁyewously ir
as :

15% wiw; 2 Aqueous solution ¢
LARE)((r)); 3. Aqueous solution of TSP at 0.5% w/w (Farmigea, Plsa) 25
4. Aqueous solutlon of hyaluronlcaC|d, at 0 2% W/W Chemofl

JRolyme

m%in tutes, at th
ldlcated (TI*t) gﬁmﬁ ! IR

e compositions USEd were

gAtucm& dlspersmn of mucin, at 15% w/w and TSP at 0. 5% w/w \We

2007102067} ECHHTZA00AM006I6. <43 LraSUSEUS ASUEIFIRRALENTHS) i

at 15% w/w, an aluronic acid at 0.2% e viscosimetr

me-varesisialb te et BY Rredireered RnEoratRiss 1811 50 PhadRey e o
rotatipnAbVISEaHRRIBG Wit TNl ayliniesaeast Barogrizessic SEI40 1990,

ot ol o0 ANt el RS i BAIeR O B Bp i viscosity
1T hemlyﬁmmeoﬁe@ons&shm@iﬁpwnraaﬂ@eﬁddlogﬁf@r@m@rm@mg to
OPIARANURIESRE UCLdRS EbINEN: iR HOSREAMERIBNON Lo Bloulates
by the egquation np = Nt - Mw - T where nu nm and np are individual coeffi-
clents of viscosity of the system, mucin and polymer, respectively. The value
of 1, was subsequently normaiized according to the following equation: Anfn =

15 T/ mp
Then, the measures of viscosity variations due to mucin-polymer in-
teraction were carmied out on agueous solutions containing: i) 15% of mucin
alone {nm); i) AG and other polymers, used as reference, at their respective
effective concentrations (n,); iii) mucin-polymer mixtures, at the same concen-

20  trations previously indicated ().
The compositions used were as follows:
1. Agueous solution of pig gastric mucin (MGS; TC!, Tokyo}, at 15% wiw;
2. Agueous solution of AG, at 5% wiw (FiberAid® AG, LAREXSY,
3. Agqueous solution of TSP, at 0.5% wiw (Farmiges, Pisa);
26 4. Agueous solution of hyaluronic acid, at 0.2% wiw (Chemofin, Milano);
5. Agueous dispersion of mucin, at 15% wiw, and AG at 5% wiw;
6. Agueous dispersion of mucin, at 15% w/w, and TSP at 0.5% wiw;



stress (tc) and velocity gradients (indicated with a 'y or D) by means of
mathe- 10 matical processing performed with the Rheowin software,
Hyaluronic acid, mucin and rrtucin-polymer dispersions show a pseu-
saptasticzb@haviour. The mathematical correlation of the graphsbiainesds
performed with the Rheowin software, is as follows: t = aDb. The viscosity
in the Newtonian formulations and the apparent viscosity of the
pseudoplastic 15 formulations were calculated by choosing a certain value
of D and then obtain- ing 2 from the respective equations (D = 200 s").

Thepvise@sibyyalipe ks Plihe GAMRAZYORHRIEFEROHEF I LRMEL0. 2% wiw,
below, whllerthe values of %arameter Al11111 for‘é%?@.ggl)émers used are

reported in TabIESSOSH RESISRARRS WSS 667/ 1Py means of a Rheo-
PCEAERS(EF0006 1Batke] AdditoaVissosstynefaheitomposiionirdadeticasure-

studye Ry HEREIC ﬁggﬂﬁitigﬁqw% & %ﬁ@gﬂt(/t%%r%grg Vg ';81 The

w) (%ow/w) (n'Prs) ) -47,9872-5.0-"1.38 30.5-9.16 4---
94 4Be898TRFe phtginer §o1 yeloctsaradignivaues (rogingbeisesn O and

TABIIB 8z dri/ri of the compositions under study lyaluronic MGS
CompositioxMQ/gglyvr\!/{g\{,{c(goﬁ%%W h%%i/da~ ér\}vtonian behaviour, and the graphs
obtained were used in order to evaluate the finear correlation between shear
stress {r) and velocity gradients (indicated with a v or D) by means of mathe-
10 matical processing performed with the Rheowin softwars.

Hyaluronic acid, mucin and n;?ucin-paiymer dispersions show a pseu-
doplastic behaviour. The mathematical correlation of the graphs obtained,
performed with the Rheowin software, is as foliows: + = aD®. The viscosity in
the Newtonian formulations and the apparent viscosity of the pseudoplastic

15 formutations were calculated by choosing a certain value of D and then obfain-
ing < from the respective equations (D = 200s™).

The viscosity values for all the compositions are reported in Table 2
betow, while the values of parameter An/m for the polymers used are reporied
in Tabie 3.

20

(table follows)



(/% Wiwlw) (/(%w/w) 5 15.05.0-17.21 6 15.0-0.5-14.55 715.0-0.2
| 3.02 As the results show, the aqueous solution of AG at 5% w/w
presents a much lower viscosity (1.38 mPa s) than the polymers taken as
referemeed®i16 mPa s and 24.40 mPa s for TSP and for HAG#/1T2006/060616
respectively), while the normal 1o ized value arl/r) of AG is of the same_
magnitude as the TSP value. This indi- gates that AG is able to form
interactions of various kinds with the mucous covering the conjunctival
and corneal surfaces of the eye. Therefore, although being a non-viscous
polymer that does not blur vision andydgas:not interfere with contact lens

use, AG establishes i
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As the results show, the agueous soiution of AG at 5% wiw presenis a

much lower viscosity (1.38 mPa's) than the polymers taken as reference (9.16

mPas and 24.40 mPa's for TSP and for HA, respectively), while the normai-

ized value An/v) of AG is of the same magniiude as the TSP value. This indi-

cates that AG is able {o form interactions of various kinds with the mucous

covering the conjunctival and comeal surfaces of the eye. Therefore, aithough

being a non-viscous polymer that does not blur vision and does not interfers

with contact lens use, AG establishes interactions enabling 2 proionged per-

manence of the product in the pre-ocylar region and thus a prolonged protec-

tion and hydration of the corneal surface.




lenses (Focus Dailies(r), Ciba Vision, Germany) were used for the test.

The contact lenses were immersed in | ml of artificial tear fluid without 20
proteins, to which had been added 50 pl of a solution of FITC-AG at 5%
winzsoT/@b&F at 0.0223% w/w, and left to rest for 30 minutesCThzdenBesic
were then washed by immersing them in 100 ml of artificial tear fluid for

15 minutes un- der slow stirring with a magnetic stirrer. The treated lenses
were then ob- served with a Wood lamp at 365 nm in comparison with
untreated contact 25 lenses as a reference. None of the lenses showed
anysfgtite: taermeldtuerssgenaeedente@asioating the fact that the AG
polymer is x%ot W|thhdlgeo the len r%%rrfa%%{a mofth %g ! |t|onsSe Rl%ledét
The artificial 16ar fo Foﬁowm co?ﬁ1 OSTiON 8% 5 sesed! g PoYmer
mg/qwubrrﬁt@ﬂm&)ﬂtswanatédmg@zmﬁar@aw&ﬂa@mmm@a@@bm pre-
Nalls a4 £0-£Byrgalasmhgt al., 1999). WO 2007/020671
PCTIIT2006/00061.6 -18- Fernina test The innermost layer of lachryma|

Hluid is confb%s%%%%cd’ﬂ%‘?jl‘?&‘oqﬂm}’n§ mﬁiﬁ:ﬂﬁﬂ%?ﬁf}apcﬁﬂaﬁié% AG,
are pacziiced iy goblet wel siafstiiescon- {0nativa. dDnetiofi shEaxidst containing &
mPeriagtlySIGA EhAeSS RS ALIBE MUCAUSJS 8§ CAPRGIRRein isothio-

crystalll rms W en It Is made to evaporate at room

temBEFRRIF SIHBA AR a GBI BD téliomiBe ois %ﬁygﬁan&fad&w&m%rafﬁ
usefgigindicadions %étﬂ%ﬁ?ﬁdﬂwsrﬁﬁﬁfébth%oﬁtﬂémy@%la@”he%&éhth@y two
are |aSSI L ;p,to tcxpes % fern ﬁ% gt in rﬁl uniform "
manné'tr Wit ﬁhy Spadesche enai% Wﬁ O
andr:dedsetgftmmﬁeww@m itvy StaIsAGO s thiteferhanf foriag Bt SIFC (A.N.
abupdaniduiidhe gdivighad domsars paliaL iRsigs ARda Nokag widely

branched. There are_appreciable spaces between the ferns. 15 Type Il

ferning is praSelitnBRERRS NS RIS QA h MPEH B SRE6RY b the fest
branchied;Afigreddr&¥owaiderable spaces between the ferns.

15 2. sodium fluorescein (SF) {Sigma-Aldrich, St. Louis, USA) 0.0223% wiw.
The concentration of the SF solution was chosen so as {o have the

same fiuorescence as the FITC-AG solution at 5% wiw. Soft daily contact
lenses (Focus Dailies®, Ciba Vision, Germany) were used for the test,

The contact lenses were immersed in 1 mil of artificial tear fluid without

20 proteins, to which had been added 50 ul of a solution of FITC-AG at 5% wiw
or of SF at 0.0223% wiw, and left to rest for 30 minutes. The lenses were then
washed by immersing them in 100 mi of artificial tear fiuid for 15 minutes un-
der slow stirring with a magnetic stirrer. The treated lenses were then ob-
served with a Wood lamp at 365 nm in comparison with untreated contact

25 lenses as a reference.

None of the lenses showed any visible traces of fluorescence, dem-
onsirating the fact that the AG polymer is not withheld on the iens surface in
the conditions employed.

The artificial tear fluid had the following composition expressed in

30 mg/100 mi of deionised water; MgCl, 4.75; CaClz 7.97; KHCO; 260.00; Nali
754.00 (Burgalassi et al., 1999).



Type M. ferning is absent and there are filaments or conglomerates
representing the degenerated mucous material mixed with exfoliate cells.
The first two kinds of ferning are typical of normal eyes with good 20
epndiiapmat the mucous layer and of the lachrymal film. Typeritt-seerssio
be a form of transition and indicates a difficult state of the mucous in
maintaining its integrity and functions. .;Lype IV indicates a great alteration
of the lachrymal fluid mucous components. All the ophthalmic solutions
that crystallize in the form of ferns compa- 25 rable to type | and type Il

are@mﬁg@gtsimilar to the mucous glycoproteins produced by the

conjunctival goblet cells, Thus, the fernin %test was carried ouéln order t?
evaluate thEhﬁo%ﬁT@méé 8&}761‘%&’3{8“5 115 SATRCSFS SLIBHERYE glvee-
Slmﬂaﬁmﬁ)enmnunoumpremnbm:ﬂm eye swrthoedTihedesiet oadsty dfe con-

eva@gc%gg@.ﬁéomﬁg @J %@\ 4Ga @{agﬁcthr%%c% DHGHRSAARBus is
slid mi ture c

a previously prepare m posed of 10 pl of solution at
5 5i5 AP ITRGoaRtY et inirnike o msdWhete D Sopals I81RYERYAE &
prepsspkdmeisaeiging, under stirring, a WO 2007/020671
PCT/IT2006/000616 -19 suit uantlt FiberAid(r
t-arexe) in Songdg R A8Pew %er e?/aarpcr)rﬁé on t rge%zsil ﬁé"\‘i‘va%"% sfegrt\i)ede’ sful
by mmmaqmtaamqi@hnse@fcﬁ@wwfgaﬂmmf ¥icROSCHgY @ighcipsst-
1 Oﬁé&‘%ﬁ@%lﬂ& dEQé The crystallization of the AG solution produced
fern-like branched 5 structures very similar to those obtalnec;]wnh human

1Qear fluid. THEERLUCOMMEIMRETRIET B Ar PR FHIBIBG WA ABtSRA S
testsesuppoitsithiedsy {gpathdsis ihabthe palyenandiddessithaisivetnpatible

with the OYEOREIR DL Oh (0CORHA PYERIE: IIRLIIHEDR but the

hypothesis n re-p ace e natural mucous component when

the Inttidivad e mrasealigidihsize @rsgrcal 1ebasnddeiohigaIsestdgre are
Evag@*g@,émgw%gg@;@ggm@ép@ﬁmmﬁ@ce time The present study used

e e e ean 49 (L AL B S48 o
poarly branched; there are considerable spaces between the ferns.
Type IV: ferning is absent and there are filaments or congiomerates
representing the degenerated mucous material mixed with exfoliate celis.
The first two kinds of ferning are typical of normal eyes with good
20  conditions of the mucous layer and of the iachrymal film. Type il seems to be
a form of transition and indicates a difficult state of the mucous in maintaining
its integrity and functions. Type 1V indicates a great alieration of the lachrymal
fiuid mucous components.
Ali the ophthaimic solutions that crystaliize in the form of ferns compa-
25 rable to type | and type Il are structurally similar to the mucous glycoproteins
produced by the conjunciival goblet cells.
Thus, the ferning test was carried out in order to evaluate the possible
capacity of AG to crystallize with characteristics similar to the mucous present
on the eve surface, The test consists of evaporating at room temperature (25
30 # 1°C), for 24 h, on a microscope slide, a previously prepared mixiure com-
posed of 10 i of solution at 2.5% wiw of AG and 2 i of artificial tear fluid.
The 2.5% .AG solution was prepared by dispersing, under stirring, a



polymer interaction studies. The quantitative determination of FITC-AG in
biological samples was carried out through fluorimetric analysis. The
equipment was composed of a Shimadzu RF-551 fluorescence detector
With-apnrapfiate integration software. 20 The detection wasgafiesmgshadis
an excitation wavelength of 490 nm and emission wavelength of 514 nm.
The test was carried out on New Zealand albino rabbits weighing 2- 2.5
kg. 50 pi of the aqueous composition FITC-AG 5% w/w was administered
to the lower conjunctival sac of the rabbits. At suitable time intervals after

25 inghilation dntly 2t 101ARe BE-ide AR G:Miniies), ﬁ?@%@#@é@wm&ﬁ After

(1.0 p1) were collected from the marginal portion of the lower conjunctiv

sac DIFRNEHAS. SPATERILAD AR AMREHECRS M5 AbR B ARiEREHg Ny Reichert-
USALrgvwidingtzamyicertacianiiththe omeghisaiibadus). The tear fluid
samples were, trans: ferred to Eppendorf test tubes and then analysed b
means of e m%é%g%%lﬁ@gﬂ%‘%d Folet B B?%i?\?v% “e%k&r?ﬁ‘"ea’%“ed

attaBieefFRIUMEYY SHOWS' the Horembigingecntiséimpaoiess BeitceTbp result

FITGoRfndn thadeasdiighrve blingedaldnaamiftadhaduoresgansa WR hy-
2007/020671 PCT/IT2006/000616 -20 of product after 1 minute.

e
Fludr e SEs e R Ay MR 1EMTRA T )R SRR AiEh (i lgRREtein
afteEPOciningtes Han ddstistilvaporeci dblesgftené hainynatibeshugtlighting:tere-
prolgRgeq:REIMANanGe L G MIDGRIGAAMNEeR] fgion, aégcega?u&g% patho-
and treatment of dry eye syndrome The present study used an

QralfesFAREERMSolution (FiberAid(r) AG, Larex(D) in water, hereinafter
referred to as AG-Sol, with an AG concentration of 5 % wfw, rendered

isotgg{i}%ep A aaq ing a suitable quantity of mannitol (4.41 % w/w) and
hav 46. 10 For preparing the AG-Sol composition, a quantity
of atchiahigtigeghthpmRigreemeasatispaneirbl Weenised water (Milli-O,

Millipore) angdhsegehiigndpusabbedpasBRARIM AL Urdlnogaiactan
minutes under stirring with a_magnetic stirrer. After cooling, the mannitol

h
1vastatlded P hRIERRIRGH AL SRR IRES ARtdRSSHSHRR S TalRineh HaR, tens-

hooddbymer interaction studies.
The quantitative determination of FITC-AG in biological samples was
carried out through fluorimetric analysis. The equipment was composed of a
Shimadzu RF-551 fluorescence detector with appropriate integration software.
20 The detection was performed at an excitation wavelength of 480 nm and
emission wavelength of 514 nm.
The test was carried out on New Zealand albino rabbits weighing 2-
2.5 kg. 50 pi of the agueous composition FITC-AG 5% wiw was administered
to the lower conjunctival sac of the rabbits. At suitable time intervais after
28 instiliation (1, 3, §, 10, 20, 30, 45 and 80 mihutes}, tear fiuid samples (1.0 pb)
were collected from the marginal portion of the iower conjunctival sac by
- means of microcapillary (Microcaps, Drummond Scientific, Nd, USA), avoiding
any contact with the corneal epithelium. The fear fivid samples were trans-
ferred to Eppendorf fest tubes and then analysed by means of fluorimetric
30 analysis afier dilution with 50 i of water.
The attached Figure 2 shows the percentage decrease in fluores-
cence of FITC-AG in the tear fluid over time, taking as 100% the fluorescence



15 means of 0.22 pm sterile filters (Minisart Sartorius) and packaged in
glass vials. To assess the influence of arabinogalactan on lachrymation,
in cases where the corneal epithelial lesions are associated with dry eye
syadiemBe@n in vivo experiment was carried out. 20 The tasts/van&ste616
carried out. by using New Zealand albino rabbits weighing 2-2,5 kg. One
drop of an aqueous solution of 1.0% at_r%ihe sulphate (AS), 3 times a
day (at 9 am, 1 pm and 5 pm) for 5 consecutive days, was instilled in both
eyes of the animals in order to decrease lachrymal production and induce

25 dpf gysule: Brsgalanm Ak Akl 88:4ARBT ANy A8 high! 185Rnddes HERrad-

5 minutes of each AS administration, 50 i of the (l;‘r -Sol com osition
contﬁ?mﬁgag?gb%ﬁﬁﬁ?&ﬁﬁmg%alr@? 8Hijy'th%'i R RgE: ‘Phﬁte" 60 min-
animazks pnigdeligieirighiesSobicmeged testratrame=0{ s inditeoate-nenthbrgion.
on the 2"d 3rd 4" and 5m day after the start of treatment. The test 30
envisages the measurement once a day, of the quantlty of tear fluid
decrétdndupiionarasireaiBieiael s BB M e ach administration of
the solutlonEh@&mmaﬁ?lmymmtrm@aim%&mm (AdfarmEEsha,
placid in & V\tl/v%eZO 7/020 7elr|i? E{g 06/31% ct ]E

conJunc vatl FoPiXof Gact eye ofthe TabBit The rise o‘?’
alon@fthe’bivliva fsagerasiripatonie W@gﬂt‘@oﬁlﬁiﬂﬁﬁbiﬂ'ﬁe@ﬁ%@d‘ﬁ@@iﬁéﬁ (4.41

for the gyssHeaRehWith,2nbt atiepine sulphate were compared with
those ob- tajned for the yes tre h%é_b%wnh the arablno%alactan solution

Yecording td fife PESRARE 8 GAIIB5Y1RErymaTRBERRn Figurately
meastiigtad oo WEscdmtretm ma&&mmsm:io.haﬂer mmmd‘oiimgm&t and the
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solutiBAIREEcsprste AReY %%éﬁﬁ@%ﬁ‘ﬂiﬂt&éﬁ@%ry eye. Moreover,
on days 3, 4adpialitey thasstrtaafdtentmentriie degiece ahaierabamebd by

the Cr%@aen%l ?}P I{)}Eilu&}ics %?ted Hye %F%Yntsvav%ssa r? e,[suss L1 n)é packaged in glass

vials.
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To assess the influence of arabinogaiactan on lachrymation, in cases -
where the corneal epithelial lesions are associated with dry eye syndrome, an
in vivo experiment was carried out. |

20 The tests were carried out by using New Zealand albinc rabbits
weighing 2-2,5 kg.

One drop of an aqueous solution of 1.0% atropine sulphate (AS), 3
times & day (at 9 am, 1 pm and 5 pm) for & consecutive days, was instilled in
poth eyes of the animals in order {o decrease lachrymai production and induce

25 dry eye {S. Burgalassi et al,, 1988, Ophihalm. Res., 34, 228-235). Afier &
minutes of each AS administration, 50 ul of the AG-Sol composition containing
arabinogalactan was instilled in oniy their right eye.

The animails underwent the Schirmer ! test at time 0 (prior to treal- |
ment) and on the 2%, 3, 4™ and 5" day after the start of treatment. The test

3¢ envisages the measurement, once a day, of the quantity of tear fluid secreted.
The determination was carried out before each administration of the solutions
(AS and AG-Sol) by means of bibula paper strips (Alfa Intes) placed in the



observation with a slit lamp equipped with a blue filter, after colouring the
cornea with 10 pi of an aqueous solution at 1% w/w of fluorescein. In the
case 15 of epithelial alterations, areas of colour on the corneal surface are

bseryaskHuopositive eye. Table 4 below reports the results-eRtalIEshRS
a percentage of flu- opositive eyes out of the total of treated eyes. The

same results are reported in the histogr%m of Figure 4 attached, which
graphically compares the per 20 centé’g?e of eyes resulting fluopositive
after treatment with the AG-Sol solution with respect to the percentage of

R R SR SR SR 0% TP o
obtAIEY thr BfiBueasIPBYMaR MaARSWed 3 day 4 ey \Stugaybtsingk for
vtV ol R by
16 S iBre s Yot IV SRS e T BBl LA PGt  the
it is passiisie. to note

The base value of lachrymal secretion was measured in a group of
control animails on which no pharmacological treatment was carried out.

The results obtained are reported graphically in Figure 3 of the ai-
tached drawings. The figure shows how the AG-Sol solution has a protective

10 effect against the onset of dry aye,

Moreover, on days 3, 4 and § after the start of treatment, the degree
of alteration of the corneal epithelium caused by dry eve was assessed by
observation with & slit lamp equipped with a biue filter, afier colouring the
cornea with 10 ul of an aqueous solution at 1% wiw of fluorescein. In the case

15  of epithelial alterations, areas of colour on the corneal surface ars observed:
fluopositive eye,

Table 4 below reports the resulis obiained, as a percentage of flu-
opositive syes out of the fotal of treated eyés. The same resuits are reporied
in the histogram of Figure 4 attached, which graphically compares the per-

20 centage of eyes resulting fluopositive after treatment with the AG-Sol solution
with respect to the percentage of fluopositive eyes in the conirol animals only
treated with AS.

{Tabie 4 follows)



5 how in the untreated eyes the percentage of fluopositivity increases day
by day, and on 5th day of treatment reaches almost 60%, while in the
eyes treated with the AG-Sol solution, the percentage of fluopositivity
rerRaINS, sRRStant between the 4th and 5th day of treatmeng~gh2-0366hbs16
lower value of about 17%, 10 3. Evaluation of the re-epithelisation
capacity The test reported below assesses the recovery time of a lesion
pro- duced on rabbit cornea after administration of the following
compositions: 1. AG-Sol agueous solution (5% AG, 4.41% mannitol; WO
2007/020671 PCT/1T2006/000616 1"2;;352_@.& polysaccharide (TSP)

0.04% aqueous s Iut| #JI’OI’IIC HA),0.00144%, aqueous
solution. It must b ?@&%ﬁ'ﬂ% %‘éQLH% a? F¥ téoﬁr %Iﬁic% g&%ordlng to
the[i QN is ar of PFO\ig{ng Tachrymal SaRpiements WHICTEAIgj0t as
viscrous 5as artlfl.lal_tears&;;uhe rior-art based-on-pol i -
that they be partlcular%/‘cus ul ﬁ%comtacppéns Jse$§(th(
reference solu- tloer(s@atadﬁi 3) contaw{rtrga‘[@dﬁ and HA v
tO UVU DUI LIUIID VVILh LIIC ClIIIC IIIC IUgil.:‘ClI bchaviyul—(. . "L
and the same viscosity vallie as the AG-Sol salution. 10 The test was
conducted?n New Zealand| albino rabbits-weighing-2-2.5 kg: The rabfits
were anaesthetised by intramusgular mjecion (0-I5.mi7kg) of Zoletil T006
(Laboratories \llrdhr Erance) and-the eye.wasikept nnep.by_ugmgg_a.,”____
blefarostat‘and anpesthetiséd off the surfdce by insfilling 10 pl of |~
oxybupro- gaine hydrochloride (Noveginag, MiF’harm Italy). 15 In prder to
cause-the-gorneatiestona-trierobiology-paper disc_+0f 6-mm-thameter-
imbued with 10 pl of n-heptanol was placed on the central region of the
cornea for B0 secqnds.-After removing the-disc| the*ocular surface wag
thoroughty gvastred witfr T mtof physiptogicat sgiution (Burgalassiet ars,
2000,-Eur._). Ophthalmol_, 10, 71-76). 20.At time 0 (immediately after

removal ofthe imHued paper and wagh- * o - N
10 - : - i . +

11 - + - . - +

12 ) : T N - -

sum P 4 2 & 2 7

fluopositivity% | 833 | 33.33 16.67 80.00 16.67 55.33

From the resulis shown in Table 4 and Figure 4 it is possible to note
5 how in the unireated eves the percentage of fluoposiiivity increases day by
day, and on 5" day of treatment reaches aimost 80%, while in the eyes
treated with the AG-Sol solution, the percentage of fluopositivity remains con-
stant between the 4% and 5 day of treatment, at a much lower vaiue of about
17%.
10

3. Evaluation of the re-epithelisation capacity

The test reported below assesses the recovery time of a iesion pro-
duced on rabbit comea after administration of the following compositions:
1. AG-Sol aqueous solution (5% AG, 4.41% mannito!;



ing) and 3, 7, 18, 24, 27, 29, 31, 34, 41, 44, 48 and 51 hours after
producing the lesion, the ocular surface was coloured with 10 pl of an
agueous solution of sodium fluorescein at 1% w/w and the diameter of

the lesipmyras measured by means of a specific micrometegRZrhhgooosic
treated animals received 100 pi of the examined solutions in the

damaged eye 5 times a day (at 9 am, 1 Aam, 1 pm, 3 pm and 5 pm). One
group of animals, on which the corneal lesion had been carried out, was
left to heal spontaneously and was used as a control group. Figure 6 of

the attaghadsdaa%@gwww@w (RORVSHSSEEONBMicH trend of the

corneal lesion of the anlmg‘@%roups over time. The data have been
reportet a5 VAU RMUA AR (hide R 50444 (ﬁ@%ﬁ%%ﬁ@q@&on taking as
100% the ateatmitham@teﬂfhbmamdatmaamemm@mammmkl:y)m:ng to the
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co e 5 F0 3 St R s S o aq f it pse gaons
Co NitiNthe<same rheological, behaviour. (L.e. Newtonlan) and.the. 5a0rg Qs sity

I- M@l 68 R 6% Ms5iRigh0 0 CEMINNOU)O)COrr ~rrrO0
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10 The test was conducted on Néw Zealand albino rabbits weighing 2-2.5

kg. The rabbits were anaesthetised by inframuscular injection (C.15 milkg) of
Zoletil 100® (Laboratories Virdac, France) and the eye was kept open by using
a blefarostat and anaesthetised on the surface by instiliing 10 i of oxybupro-
caine hydrochioride (Novesina® MiPharm, italy).

15 in order to cause the corneal lesion, a microbiology paper disc of 6
mm diameter imbued with 10 ui of n-héptano! was placed on the cantral region
of the cornea for 60 seconds. After removing the disc, the ocular surface was
thoroughly washed with 1 ml of physiological solution (Burgalassi et al., 2000,
Eur. J. Ophthalmol., 10, 71-76).

2¢ At time 0 (immediately after removal of the imbued paper and wash-
ing) and 3,7, 18, 24, 27, 29, 31, 34, 41, 44, 48 and 51 hours after producing
the lesion, the ocular surface was coloured with 10 ul of an agueous solution
of sodium fluorescein at 1% w/w and the diameter of the lesion was measured
by means of & specific micrometer.

25 The treated animals received 100 ul of the examined solutions in the
damaged eve § times a day (at ¢ am, 11 am, 1 pm, 3 pm and 5 pm).

One group of animals, on which the corneal lesion had been carried
out, was left to heal spontaneocusly and was used as a conirol group.
Figure 5 of the attached ciréwings graphically reports the recovery

20 irend of the corneal iesion of the animal groups over time. The daia have been
reported as a percentage decrease of the area of the lesion, taking as 100%
the area at time 0. The same data are reported numerically in Table 5 below.
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From the above table, as well as from Figure 5. it is possible to note that
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composition according to the present invention, AG-Sol, shows a
significantly different recovery rate than the control value. In fact, while
AG-Sol presents 5 statistically significant differences 27, 29, 31, 34 and 41
hausssaitasthe start of the treatment, for the other compositicre this/ o616
difference is significant only with TSP after 29 hours. 4 Evaluation of the
re-epitheiising capacRy in the preseneg of benzalk- 10 onium chloride The
test assesses the recovery time of a lesion produced on the rabbit cornea
after administration of the following compositions: 1) AG-Sol aqueous

solution (ﬁ%ﬁ%é é&&’qmﬁi&t%)a Rehes B anHrous Spiuik)pc(ﬁ%)m(m note
4.00% mannit

15 be al n lorid a
o T R ST L L b
anaesmmm dngimtiam u:sd:tmp Wﬁm@wwn@lnﬁ/@g?oéf Shelel A tgRificantly

a?t%ﬁé?éﬂ{ IR MG F ARER) AN EINGE YR INAS KSREORETIOY. BBRY Fresents
)

tat d thetised on th 10 f 20
5 ox%ﬁ%ﬁ%ﬁﬁeﬁi%&gg Tﬁ%%gerél(]r%g ﬁé)}é}ghi{ ’ﬁ O?%(t#) start of

case ﬁb@tmmeairlamnemmmtnem@;spapeilfﬂmerafe@amnndiaanémﬁy with
Imt}lé’%g |th8’b [ gn heptanol was placed on the central region of the
cornda for 60 seconds. After removing the disc, the ocular surface was
thoroughly washed with 1 ml of physiological solution (BurgaIaSS| et at,
2000 £ ¢Rsatiod- dPRhihalBgfih dfisinly Lababitine Bidimmestiate lyfdftaralk-
removal ofthe Jmbued paper and wash- ing) and 3, 7, 18, 24, 27, 29, 31,
HRLUBTRR 51 hours after producing the lesion, the ocular surface
was coloufﬁtb\tﬂﬁh asspbotathagacors s oh adesionarAdRRSE SBhEARbDit
1% wive 2l dhe AiRmalenaf e lesinewiAs smasseens0 by means of a

spemflc micrometer. The treated animals rec |ved r%? fl of th xamlned
solutions in tfie d%@@&@?@@ﬁﬁ%gtﬁ’aé@ Eeﬁ‘% 4 %im, 3 pm
and 5 pm). WO 2003/820644<0 [§bRARG/0GO6 16C-26. (e gmenpi@f, 0.01%

animals, on wich g CoIngAfsign had been carried

The test was carried out on New Zealand aibino rabbits weighing 2-
2.5 kg. The rabbits were anaesthetisett by intramuscuiar injection (0.15 mifkg)
of Zoietii 100® (Laboratories Virdac, France), and the eye was kept open by
using a blefarostate and anassthetised on the surface by instilling 10 Wl of

20  oxybuprocaine hydrochioride (Novesina®, MiPharm, Htaly).

in order to cause the comeal iesion, & microbiology paper disc of 6
mm diameter imbued with 10 pi of n-heptanol was piaced on the central region
of the cornea for 60 seconds. Afier remaoving the disc, the ocular surface was
thoroughly washed with 1 m! of physiological solution (Burgalassi et al, 2000,

25  Eur J. Ophthaimol., 10, 71-76).

At time 0 (immediately after removal of the imbued paper and wash-
ing) and 3, 7, 18, 24, 27, 28, 31, 34, 41, 44, 48 and 51 hours after producing
the lesion, the ocular surface was coloured with 10 pt of an agqueous solution

of sodium fluorescein at 1% wiw and the diameter of the lesion was measured

30 by means of a specific micrometer.

The treated animals received 100 pi of the examined solutions in the
‘damaged eye 5 times a day (at 9 am, 11 am, 1 pm, 3pmand & pm).



out, was left to heal spontaneously and was used as a control group.
Figures 6 and 6a graphically show the corneal lesion recovery trend, at
two different levels of detail, for the animal groups over time. The data
kayesodheen reported as a percentage decrease of the arescofithesasiong
taking as 100% the area at time 0. It is possible to note that the presence
of benzalkonium chloride modi- fies theggcovery rate of AG by slowing it
down: complete recovery in the ani- mals treated with the AG-Bz
composition occurs after 51 hours, while in the 10 animals treated with

AG-Sol it ocsE yasupasty=ainiich@ursvfter iddhabingunedisnB=RotRen carried
produ ts in a (ﬁ%mﬁ tlon |med a rot cting the,cornea | dtlsad
B S AR S eAToCHeEr e 28! SRR
whether thé’mwpmﬁeasétﬁmgjm!iy@@mab@nwmmieﬁwmmmmémnd
healing,of dhe @ eriBRYAlX M0 wsed lesians - Rl R yrgd ﬁhfew&e%{avo

stratification of e %{"the“a' cells, so as to reconstitute the na- tive corneal
Btrubf§R "8PRIE %PSF%@?@?@%Q@%S?}%@&BHBE}%%%% I&5iRBaeKING as
colledet Heosssaafterspioducing the corneal 20 lesion, after complete

recovery (V\gg%:};?gs,g iher fiuereseein g%gg 9?350%91%%}%@ mod-

epithelium) week after recovery, Were

pardfetrHif RS EHRIGH Meaby. SRvEr d%%@mwvmem the ani-
ﬁamﬂag %@f@emath aubjmegztce}@m@l@ﬁl@vigblmf it @’?%ﬁﬁa@owﬂaae in the
ours e a eth alcohol so utjons of ing, easin
o LT PR AU ACERAL SERE S UL TN YOt BPREal T f why
mICMEUQW@ Biﬂﬁwemjmk@ﬁ@iysmesmmgctﬂgetwddeds disad-
sampégt%ae%%ptioned by microtomy and subjected to Nissl colouring
before being observed under a microscope. 24 hours after producing the

lesion, the physiological reparative mechanism was evident, since there
Wasmﬁaiibai@dimigmLﬁmnfdh&Wm@%ntegral epithelial cells to the

1famaged STg %&@%ﬁ%ﬁﬁ@{ Pe-é‘n’%%lo'%ge Q%e%@'th%ﬂé‘ﬁa? providing

mstead re- esta a naf'ura thlckness pm In the central region

of (HOTCHIRE RS PRATES S ORISR oMLV JB7Is2067E0 Pro-
PCT4ld2086/0008dOstdfification of epithelial celis, 50 as to reconsiitute the na-

tive corneal structure, a hisiological analysis was carried out.

Samples of corneas collected 24 hours after producing the comeal
20  lesion, after complete recovery (when no further fluorescein detection was
obhserved on the epithelium) and 1 week after recovery, were fixed in a 10%
paraformaidehyde solution in & 0.1 M pH 7.4 phosphate buffer. The samples
were then subjecied to several washings with a buffer for 12 hours, dehy-
drated in a series of ethyl alcohol sqiuiians of increasing concentration and
25 embedded at 4°C in & specific resin for optical microscopy (JB-4, Embedding
kit, Polysciences inc.). The embedded sample was sectioned by microtomy

and subjected to Niss! colouring bafore being observed under a microscope.
24 hours after producing the lesion, the physiological reparative
mechanism was evident, since there was & shift and migration of the adjacent
30 integral epithelial cefls to the damaged. area, with the formation of a
monoiayer. The epithelium, instead, re-established a natural thickness (55-60
um in the central region of the cornea) and stratified structure only when com-



plete recovery occurred, when the interruption of the physiological
mechanism of cell surface scaling had ceased and complete coverage of
the minus region and regeneration of the epithelial elements assured the
vestaxatiossaf normal structural characteristics. The conditiBos/remmainmel s
unchanged a week after 5 recovery, indicating that the regeneration
process was complete. The treatments,carried out after producing the
corneal lesion, per- formed with the same products reported in the
preceding section 3 of the biological tests, led to a decrease of lesion

recouary HEMR 4R, ESIRBL IRAEREHe HRBRNSHRM O e IHRANEL 1R thehisnism

led to the assumption of a different influ 10 ence of the used polymers on
the FEpEIr SR AR ARIINI ARG STRREIAD T SERR RIS TS IRAS A HIE THaus region
re-apithaisatentgrastthn apitiesita bighlaght arvp e theneswintitse of normal

mo@%@&?%l@aﬁ&@fé&@%&? ﬁé”&onh%iﬁ@fg ?&%amgc{ %ﬁ&%@@%ﬂ@ek after

capacity evaluation method (section 3,:biological tests) was repeated by
Serferoragyiediesise ARt theatheeher slith A9IRBSHMRTER &enpositions

as re?ortemaweaM@ﬂﬁaaléwem imemegiatrlyisgatiicedrbeipiesion, per-

co ete recqv of the corneal lesion, that is, when the. latter was no

B SR A s L 14 pEeing SEEE 200 the

the bicidaicstittste waéesﬁl Wiisles T he ig@mmmlémmmdi@m viegeees,

SUbt%?@%Q&bﬂqmdb}%@& aaalysisiwith thesane HRRRAUE ASifferent influ-
ca

indicated above, and the thickness of the reconstituted e?ithelium was
e &0 it e rE RYY RSP RR FERAS PRPRANR: dt fRUSBRfE™MS neces-
distasgeteachetitgpaitahe theepitrgimativmatigiesaintbhighlig igd!igiffesen ciifer-
in thickness of t itheli r the various treatments. In
fac:é ﬁ?g gjﬁé%v?n%%@ééﬁ%%ﬁ%ﬁ%g} ﬁgﬁaé e:érl-jU‘ntreated control ‘
(spontaneoti8 teiecvedy e FreribgisioncaperiitryataienBwimd, (section
4.4 priyinledd) Rms rariBRle BiepiedMitRdiRd ik alySaceharaes with
\ 18 pﬁu - sgm le treated with 0.2% h alur%egcic acid, 1%£m. 30 These .. tah
'SesUlts BRORISRERFIHURIAT JBRTG'ES A Rstitdfe T A" glg v pag/ately
doesanofiyed Haiera physisiugicabtickmésbancanyesf theicastimiagbsarven the
eveﬂs.{IéP\%%56"6“@ﬁ&é{%ﬁé%%wgﬁéh&dﬁ@aé%%%ém used, but fluorescein
captation on the ocular surface was silll visible.
The corneal samples thus treated were subjected to histological
20 analysis with the same procedure as indicated above, and the thickness of the
reconstituted epithslium was measured in each case.
Measurement was performed at {he same distance each time from the
re-growth margin, and highlighted differences in thickness of the epitheliums
reformed after the various treatmente. in fact, the foilowing resulis were ob-

25 tfained:

Untreated control {spontanecus recovery), 6 uim;
sampie treated with AG-Sol (5% AG, 4.41% mannitol), 18 pm;
sample treated with C.§% TS-polysaccharide, 18 um;

t

1

sample treated with 0.2% hyaluronic acid, 12 pm.

30 These results show that the epithelium going fo reconstifute the defi-
cient area does not yet have a phyéiologicai thickness in any of the cases
cbserved, even if in the samples treated with the AG-Sol and TS- |



WO 2007/020671 PCT/IT2006/000616 -28 polysaccharide compositions
the thickness is considerably greater than that of the control left to

recover spontaneously. Observation of the respective images (not shown)
sseiighlighted the morphological diversity between the coreaksamples
under examination. 5 There are, in fact, considerable differences in the
arrangement of the neo- epithelium in_thg four cases examined: = The
sample deriving from the control eye showed a still not well- organised
structure, with little or not stratification. R The epithelium treated with the

AG s saesitonsihreeda eespisingsdOdadhsiociaeipativeter than that of
epitpelium %f r?gjgrds tig,gye %%r%nggm?nt. The sample treated with
TS-F;]&)%}Q&% gf’l 0§ﬁ%9ved%opoor y Siratified neo-tissue, despite the fact
that the thiékpegyyatiahisfdpitiiesipestivadaagesdnm skane)@kodfightighted the

sampledrepsRavithamiSokdaast hwasoafien adngiiey ohadeveatimation.

large size, much larger than the norm, 15 Finally, treatment with HA%
brodisén ABiskr R s FARERBN BANERESE ArHiER A RS I Filg nec-
thickpissiiohtamtd Veas tawes skhesesxesults lead to the conclusion that

the greateyr re rate. eal leg] termi r.tr t :
A B e R o ot o 1 vl
regenera¥eR HFHRsERRRERarER i Rl etMRRBduct causes. The

greates rephicatiensranaciied ieepdhelial sellsigadnita anwady close simi-

stratification of the tissue, which,.thus manages 1o have a greater. number
1§ cells LS %ﬁ% rbaetf‘.‘é’ite?g?n‘8§“&f‘é'| ﬁ%&?&?ﬁ%ﬁi‘%@%ﬂﬁ ’?ﬁ%eé‘f/?é‘i%xicity of
solutionsdensdninty AGaishwith inStipiyeesshaddst emwedkarigatly stratified

chloride (B2) a5 & \RlupkednM eiber20 ilopTRhERS BONLIMRIRIM was the
prepared (1. AG 5% wiw; 2. AG 5% w/w + Bz 0,01% w/w) directl

in
DulbeceS SRS B3R AT SRR i AS SRuidaFch Wes ofien 2
Louis, M@atiksAy. d resesselofiEngaetre, thenkdifuted than 1h8,rd0, 1:100

1819 1100030 B URNGR VR YrotiR &P L REERTSHRAAEE-EF M heo-
corneal epithelial cells (RC ‘
epithelium, even if the final thickness obtained was lower.

These results lead o the conclusion that the greater recovery rate of a
corneal lesion determined after treatment with AG-containing compaosition is
due 1o the stimulation of the regeneration of the epithelial elements that this

20 product causes. The greater replication capacity of the epithelial cells ieads to
an early stratification of the tissue, which thus manages tc have g greater

number of celis 1o cover the deficit zone.

Cell toxicity studies

25 The cylotoxicity of solutions containing AG alone or in the presence of
" benzalkonium chloride (Bz) was evaluaied. Mother solufions of the polymer
were prepared (1. AG 5% wiw, 2. AG 5% wiw + Bz 0.01% wiw) directly in
Dulbecco's modified Eagles medium (DMEM, Sigma Chemical Co., St. Louis,
Mo, USA). These soluiions were then diluted 1:2, 1:5, 1:10, 1:100 and 1:1000

30 stilt by using DMEM.
The cell line used consisted of rabbit corneal epithelial cells (RCE
SV40 fransformed, N. 85081046, ECACC, G.B.). The RCE line was created



SV40 transformed, N. 95081046, ECACC, G.B.). The RCE line was
created WO 2007/020671 PCT/1T2006/000616 -29 by infecting primary
cultures of rabbit corneal epithelial cells with a recombi- nant retrovirus
M4Eh7hbgAells show the typical paved morphology of epithel iims fldhe
a stratification capacity, as well as the development of desmosomes and
microvifli. 5 The cell growth medium wag Dulbecco's modified Eagles
medium (DMEM, Sigma Chemical Co'.,?§t.” Louis, Mo, USA) enriched with
Ham's nutri- ent mixture F12 (1:1), L-glutamine (1% v/v, 2 mM), penicillin

(20Q.Ul . Str i m . oterici 2 ), heat . .
ent vy 5 SR B L T S e SRR T g
(5 phRh YR VG rovetRsi fhoM A egiraivachavRe Orertielior 6f epithel-
Louigid Qird SAStr AR SRS cB IR 34 (el FhUBIKHDLRHNEHEE! desmosomes
atmasphere with 5% 002 Evaluation of the degree of toxicity of the

soluﬁ?)%ﬂgrs%' ‘on the RCE cells was carried out by means of the

golorimetricThetlisel, grointh theedommees clalljpavaiablecckfiegr dlifgiasionedium
reageihdS i dRashe-Riappastiess S Aud-o danzalicHis (s ishaserly:

on the splitting, through mitochondrial activity, of the tetrazoiium sa

It
WS @Xe5ubE chloUrdard8iptnd (Toritiizanindeeticdiin (100 Ui/mi),
transtesmatiyoica0. ontyghelmadeivytdning Bels 2hegrentigaf deesazasd be-
prodyged s liegivonielais i e rumbe gLINNg eals e REE SRl

were placed on 96-w orning Costar(r) Italia, t

TeonEBAWHLESIer 510 Tordklsignes. Aremizal Rewsal 90% ébhfldSehcehe cells

the grewth:mredium Masdrmovad and repiacg it hessolgtion to be
tested (100 at37C,ina

pi of solution). After 60 minutes of contact
omcliod EALEIAERS da IoehosR OS5 158 AR RS the RCE
remeeds wasl thaimbhsivrersnseashed tvicaiavithaD M BMFA2 , 08 phefcommer-

freshgrovaimestiuga, o fa L0 @é@&?%@ﬁﬂ%ﬁ&%ﬁ%ﬁ%ﬂﬁ%@ﬁ B oA

each well. The cells were again incubated for 2 hours (a , In o

?ﬁummmbtﬁk%ﬁ%r@ %%itﬁ%%&?i’fﬁ%dtm@@fﬁ@@tﬁ@?@“ﬁﬁﬁilﬁmv‘w» of

shakes ferrd-sa00Nsks: the Rlaserbareenef themeddismpviasinieasares atince

450 méy using an appropriate spectrophatometer, (Microtiter reader

50000 A LA ST BCOH AT Lo e B uery o formazan
produced is directly correlated to the number of living celis,

The RCE celis were placed on 98-well slides (Coming Costar® itaiie,

20 Milen) at a concentration of 5 x 10° s::alisiweiz. After 24 hours, at 90% confiu-

ence, the growth medium was removead and replaced with the soiution {o be

tesied (100 i of solution). After 60 minutes of contact (at 37°C, in a humidified

atmosphere and with 5% CO,), the reaction medium was removed and the

celis were washed twice with DMZM F12; 100 i of fresh growth medium and

25 10 ul of WST-1 reagent were then added in each well. The celis were again

incubated for 2 hours (at 37°C, in & humidified atmosphere and with 5% CG,) -

and the siides were gently shaken for B seconds; the absorbance of the me-

dium was measured at 450 nm by using an appropriate specirophotometer

(Microtiter reader 550% Bio-Rad Laboratories, Hercules, CA). The optimal

30 incubation time with the WST-1 reagent had been determined through a series
of preliminary experiments.

The specirophotometric readi\ng was performed against a “blank” well



30 incubation time with the WST-1 reagent had been determined through
a series of preliminary experiments. The spectrophotometric reading was
performed against a "blank™ well WO 2007/020671 PCT/IT2006/000616
%@ saptg@mrg a mixture of only medium and WST-1 (100 apdilabssoa6i6
respectively), without cells. The results were expressed as the
percentage absorbance of the treated wglls (Abstr) with respect to the
untreated wells (control, Absc), containing cells treated with only the
medium with no pharmaceutical product, 5 according to the following

formulai hidnarseliss ARl mLORirABse WEThe rRRLUSEI8 Aho¥dectively),

graphically in"Figure 7, in which cell vitality is expressed as aﬁp

ercentage
with VBRI e RS EBHE HF AR HARBEST R FCPRIRENENE gasgrbance of
treatite withisol utielts EIHAININY eyt ior e dreBadnllrdcd@didAbs.),

e MGG SR IR Rl et A catPB Rt

Bz caused art increase in toxicity, above all, in the higher concen
fratiG¥s TR Jen RIGF BB AYENRRIUM chloride thus involves a significant
cytotoxicity and, in addition, as demonstrated by the in-vivo experiments,

also a decrease in the re-epith%igati%n,g%tivity of AG. The present

invention haé b¥éediéd®sed to some specific

embodiments thereof, but it is to bewgcerstood that variations or 20
modifications can be brought by persons skilled in the art without

departing from the scope of the appended claims. -31- CLAIMS 1. An
sophthalmic comapesitieneier sirvasorateidcAiiidrs Sgtirete Hawindoh cell vitality is
protective an(é re-epithelising ativity, containi % 9 \B weigh

o oSSR o Ao SRR RS A BB KE R,
it dosdatotiso atdin WersztiRaalwitbseidiene. amginnsannic CenfsdsRidghs+5z
acCoRglingrto Kl8ifidlnSOMHBINER, EQBroXiEitP R AN AMREBY @bncentrations. The

arabinogalactan in an aqueous solutign.. . . . .
addition of Bz caused an increase In toxicity, above all, in the higher concen-

15 ftrations. The presence of benzalkonium chioride thus involves a significant
cytotoxicity and, in addition, as demonstrated by the in-vivo experiments, aiso
a decrease in the re-epithelisation activity of AG.
The present invention has been disclosed with reference to some
specific embodiments thereof, but it is to be undersiocd that variations or
20  modifications can be brought by persons skilied in the art without departing
from the scope of the appended claims.



3. An ophthalmic composition according to claims 1 or 2, wherein the said
arabinogalactan is larch arabinogalactan of pharmaceutically acceptable
grade. 4. An ophthalmic composition according to any one of claims 1-3,

also containing one or more tonicity-adju§|'hg agents. 5. An ophthalmic
composition according to claim 4, wherein the said one or more
tonicity-adjusting agents are present in the aqueous solution in such a
quantity as to provide a solution with o%@ﬂ@ between 150 and 300
mOsm/L. 6. An ophthalmic composition according to claim 5, wherein the

said one or more tonicity-adjusting agents are chosen from the group
consisting®f GREXIAIBIGEEMRPERIBN BT psRiUmteRTofidd, sldhstiyte having

a PIHERGE aRd seIBERheTisMY QRIMRRAIINLIRIRGSIiNA é}%qwi@@%ortﬁg%{vlggﬁt of

of claims 1-6, also containing one ‘or more pharmaceutically acce _
argpiRROG 24385 M a P IR EIPEEISRIUEOA N FiTarirrisesb Rip dBRiIdA dheidih goes

nolGama B M8« fisGd&ontaining one or more buffers. 9. An
ophthalmic composition according, to claim 8, wherein the said buffers are

chosef frofMIRRIRRINK SSIRRS SO P REGHSIBD (! addr ate BRM@INing from
S%M@MWe@ﬁﬁH?%éEﬁrh}%%ctﬁmME%QB@Q&%&%‘?IWF
P

amminomethane). 10. An ophthalmic composition according to any one of

claims’1-0~ R BB BRI BIROBIRTbRCEREEIG 4RV EGIBRc A fITgs Wherein the
saleeBzabinpgumehiaride lafch BlaNRQIERERI GEPRBATIHEB AREAHIBEEptable

claim 10, wherein the said preservatives are chosen from the group
graé%%sisting of: sodium merthiolate or timerosal, phenylmercuric nitrate or

acetatg, phenylsihairee chalpBistiy-aRibidir e RISPYRA'PERIms 1-3, also

chlorohexidine acetate or gluconate and chlorobutanol. 12. An ophthalmic

CORANBIABR SELBRIE RICHNPIHESERIZPRE®-11, also containing one or

more ghelatingsigealimit dnpeRitibalkiceampssiemascardink:ieislals said
onélzé?N Rﬁeorreéntghn?city-adjusting agents are present in the aqueous solution in
such a quantity as to provide a solution with osmolarity between 150 and 300
mOsm/L.

6. An ophthalmic composition according to claim 5, wherein the said
one or more tonicity-adjusting agents are chosen from the group consisting of:
mannitol, sedium chloride, potassium chloride, dextrose, boric acid and sorbitol.

7. An ophthalmic composition according to any one of claims 1-6, also
containing one or more pharmaceutically acceptable acids or bases, as pH
correctors.

8. An ophthalmic composition according to any one of claims 1-7, also
containing one or more buffers.

8. An ophthalmic composition according to claim 8, wherein the said
buffers are chosen from the group consisting of: phosphate buffer, borate buffer,
citrate buffer, bicarbonate buffer, frizma buffer (tri-hydroxymethyl-
amminomethane).

10. An ophthalmic composition according to any one of claims 1-9,

also containing one or more preservatives, except for benzalkonium chloride.



said chelating agent is EDTA. 14. Use of an ophthalmic solution
containing from 1% to 10% by weight of arabinogalactan in agueous
solution and not containing benzalk- onium chloride for the production of a
tear fluid substitute. 15. Use according to claim 14, wherein the said
ophthalmic solution contains from 3% to 5%-by weight of
arabinogalactan. 16. Use according to claims 14 or 15, wherein the said
ophthalmic composition is a tear fluid substitute indicated for contact lens

users, 17. Use a6eQigLIR AN QIS0 SIS 40 s eiein e Sfidein tne
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chiorobutanol.

12. An ophthalmic composition according to any one of claims 1-11,
also containing one or more chelating agents.

13. An ophthalmic composition according fo claim 12, wherein the
said chelating agent is EDTA.

14. Use of an ophthalmic solution containing from 1% to 10% by
weight of arabincgalactan in agueocus solution and not containing benzalk-
onium chioride for the production of a tear fluid substitute.

15. Use according to claim 14, wherein the said ophthaimic solution
contains from 3% to 5% by weight of arabinogalactan.

16. Use according to claims 14 or 15, wherein the said ophthalmic
composition is a tear fluid substitute indicated for contact lens users,

17. Use according to any one of claims 14-16, wherein the said oph-
thalmic composition is a tear fluid substitute for the treatment of kerato-
conjunctival lesions and inflammations. |

18. Use according to claim 17, wherein the said ophthaimic composi-
tion is indicated for the treatment of cbrnea; abrasions caused by contact lens
use,



