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30 The cornea carries out its optical function thanks to a perfect trans-
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
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.25 The corneal alterations most commonly found may represent the initial

symptoms of processes of a flogistic, dystrophic or degenerative nature, or an
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30 particles, wood or plant residues; lacerations and perforations due o objects

entering the eye with particular force and which penetrate in some depth;
recurrent corneal erosions, which consist of spontaneous episodes of break-
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keratitis is caused mainly by filamentous sapmphyte mycetes and yeasts that
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30  can even threaten eyesight — and is characterized by a ring-shaped multifocal
suppuration of the corneal stroma in shbjects presenting previous ulcerations.

All corneal alterations (whether of the traumatic, phlogistic or degen-
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Corneal abrasions are thus a problem that may affect anyone, but
contact lenses undoubtedly cause friction on the cornea, and this increases
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30 Moreover, in order to be able to present the required lubricating prop-
erties of the corneal surface, these tear fluid substitutes always have a certain

viscosity (even if, in preferred solutions, this viscosity decreases drastically
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30 forming the re-epthelisation and hydrating activity characterizing the product.
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colic acid to form the cell wall. Maﬁy edible and non-edible plants are rich

30 sources of arabinogalactans, mainly in a glycoproteic form. Many herbs with
acknowledged immuno-stimulant properties, such as Echinacea purpurea,

Baptisia tintoria and Thuja occidentalis, contain significant quantities of arabi-
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All the arabinogalactans isolaigd from larch are nitrogen-less polysac-
charides. One third of the molecule is composed of the main chain, of the
(1—3)-B-D-galactopyranan type, while the rest consists of lateral groups
bonded in position (1—6) to each galaciose unit, whose size varies from

30 monosaccharides to olygosaccharides. The distribution of the lateral groups is
" not uniform. Often, the lateral group is the disaccharide 8-D-Galp-(1—6)-p-D- -
Galp or B-L-Arap-(1—3)-a-L-Araf. Less frequently, there is the monomer B-D-
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25 sisting of: phosphate buffer, borate buffer, citrate buffer, bicarbonate buffer,
trizma buffer (ti-hydroxymethyl-amminomethane). Further, other buffer sys-
tems can be advantageously used in the compositions according to the inven-
tion.

When the product is not packaged'in monodose units, the composition

30  can also include preservatives and antimicrobics, except for benzalkonium
chioride. Possible preservatives that are compatible with the product are, in
particular, sodium merthiolate or timerosal, bhenylmercuric nitrate or acetate,
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| Compeosition 1

25 arabinogalactan 2% wiw
mannitol g.s. to 300 mOsmol/kg
phosphate buffer pH 7.4 q.s. to 100% w/w
Composition 2 ;
arabinogalactan 3% wiw

30 mannitol q.s. to 300 mOsmol/kg

' deionised water g.s. to 100% whw

Composition 3




25 ar abi nogal actan 2% w w mannitol g.s. to 300
nOsnol / kg phosphate buffer pH 7.4 g.s. to 100% w w
Conposition 2 arabinogal actan 3% w w 30 nmannitol q.s.

Q nmsnol/ kg deionised water g.s. to 100% w w

to 3
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5% w w g.S. to 300 nOsnol
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Sodium merthiolate 0.008% wiw
deionised water q.s. o 100% wiw

For the preparation of the aforesaid compositions, a quantity of accu-

- 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 obtained can be sterilized by filtering through a
0,22 pm membrane. ‘

The specific characteristics (\Jf the present invention, as well as its
advantages, will be more evident with reference to one of its specific embodi-

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 Mlustrated 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;
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Viscosity tests
_ Arabinogalactose solutions (FiberAid® AG of LAREX®, Cohasset, Mn,
25  USA), hereinafter called AG, in various concentrations (0.2, 0.5, 0.8, 1, 2, 3, 4,
5,6, 7, 8, 9 and 10% by weight) were subjected to viscosity tests by using a

Rheostress RS 150 (Haake) rotational viscosimeter with coaxial cylinder
measurement bodies (Z40 and Z41), at a constant temperature of 25°C. The
viscosity values of the solutions are :'eported graphically in Figure 1 of the

30 attached drawings. -
The rheograms were carried out for velocity gradient values ranging
~ between 0 and 200 sec™ and, from the graphs, the correlation between shear
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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 suitable quantity of polymer

25  material by means of a hydraulic press (Perkin-Elmer) at a pressure of 3,000
kg/cm?.

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 obtained are reporied in the following Table.
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Then, the measures of viscosity variations due to mucin-polymer in-
teraction were carried out on agueous solutions containing: i) 15% of mucin
alone (nm); i)} AG and other polymers, used as reference, at their respective
effective concentrations (vp); iii) mucin-polymer mixtures, at the same concen-

20 - trations previously indicated (ny).
| The compositions used were as follows:
1. Agueous solution of pig gastric mucin (MGS; TCI, Tokyo), at 15% wiw;
2. Aqueous solution of AG, at 5% wiw (FiberAid® AG, LAREX®);
3. Aqueous solution of TSP, at 0.5% w/iw (Farmigea, Pisa);
25 4. Aqueous solution of hyaluronic acid, at 0.2% w/w (Chemofin, Milano);
5. Aqueous dispersion of mucin, at 15% wiw, and AG at 5% wiw;
- 6. Aqueous dispersion of mucin, at 15% wiw, and TSP at 0.5% wiw;
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As the results show, the aqueous solution of AG at 5% wiw presents a

much lower viscosity (1.38 mPa's) than the polymers taken as reference (9.16
mPa's and 24.40 mPa's for TSP and for HA, respectively), while the normal-

10 ized value An/m of AG is of the same magnitude as the TSP value. This indi-
cates 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 and does not interfere
with contact lens use, AG establishes interactions enabling a prolonged per-

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

tion and hydration of the corneal surface.
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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-
onstrating the fact that the AG polymer is not withheld on the lens surface in
the conditions empioyed.

~ The artificial tear fluid had the following composition expressed in
- 30 mg/100 mi of deionised water: MgCl, 4.75; CaCl, 7.97; KHCOa 260.00; NaCl
754.00 (Burgalassi et al., 1999).
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All the ophthalmic solutions that crystallize in the form of ferns compa-
25  rable to type | and type Il are structurally similar to the mucous glycoproteins
- produced by the conjunctival 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 eye surface. The test consists of evaporating at room temperature {25
30 % 1°C), for 24 h, on a microscope slide, a previously prepared mixture com-
posed of 10 pl of solution at 2.5% wiw of AG and 2 yl of artificial tear fluid.
The 2.5% AG solution was prepared by dispersing, under stirring, a




WD 2007/ 020671 PCT/ | T2006/ 000616 -19 suitable

gquantity of polynmer (FiberAid(r) AG Larex') in

dei oni sed water. After evaporation, the residue was
observed by means of a polarized |ight Reichert- Jung

MV PHEOL6 i cr oscope with a 10x nagnifying | BEEIT2006600616
crystallization of the AG solution.produced fern-Ilike
branched 5 structures very siqgilar to those obtained
with human tear fluid. The result obtained, also
confirmed by rheol ogical interaction tests, supports

t hestiabid LARR) © i L 4hid

compat b QUARRY S1 POBivel (08P R0, LRI Bl Adhige ator. At
oc uP¥RPHREL &he tepidyp yasiabsetyed ypoaednsstfsenblarizsed light Reiphert-

re- t en the latter
S RRerb e ARticabe A AUCAIRARAN eHY

is deficient due to ( reasons.
Bi ol ogi calha &sistallization, of e AR asfutionepiodecasbfaradike branched

g RO {4 7% 8 B AT PR

derivative of " ara _ prepar
as aptpigdy alpeseenfsmed by theelegie iintarastion Hests.ostpports the hy-

| CMPothBESYAEI tebBRARE AR Sl CS: oot Bl AL | dfftoprotein

eterm nation o gic sanp

car Pirudurgstof ithe eggiar Mugews. temeayctham bkeyhyipstheSieed that it can re-
equ - .
£ DRgE M et AR5 Corftorons SRR el s itfcint e to patho-
1% of logigakreagonsthe detection was perforned at an

excitation wavel ength of 490 nmand em ssion
wavel ength of 514 nm The test was carried out on New
ZeaBigladigabtests r abbi t s wei ghing 2- 2.5 kg. 50 pl of

t 1 A8 AALEF BF TRkl indd FE Adnakb @S

rabbi ts. e prebentiatelytised thatfleovesicsntaddrivati®bof arabinogalactan
i NSiryt-datehO v .0 3 5 and 60 i nutes).,
14 calF e G Brosbrecas Bredt odsyipcitin 7 Bertp M poriadt ens-
mar gplyaer interacton stddighe | ower conj unctival sac by
nmeans of j.c . r M ¢roc d .
Sor ont 1 1110e Gy Bteypivafind 67 BFye-Ahupcaieek sarmples was
cor¢areied ept thvelghufleorifietrid amalysib UTise squiphent was €oinbassd of a
fer rf test tubes and then anal ysed. by
gy PR flcreqcShas, SRSy RIE dopranrals msdraliomaoftyare.
260 The (uihtemignrwasTberfcﬂtrte?fhtGdn Fe‘)@uatﬁ:er@Pa tt'cl:ftﬁ (3490 nm and
per ecrease uores- cence of FITCGCAG Iin
t he&'ﬁggﬁgﬁame "88%‘% ét@rﬂg’ taking as 100%t he
f 1 uor escdaieetest was carried out on New Zealand albino rabbits weighing 2-
2.5 kg. 50 pl 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 instillation (1, 3, 5, 10, 20, 30, 45 and 60 mihutes), tear fluid samples (1.0 pl)
were collected from the marginal portion of the lower conjunctival sac by
means of microcapillary (Microcaps, Drummond Scientific, NJ, USA), avoiding
any contact with the_ corneal epithelium. The tear fluid samples were trans-
ferred to Eppendorf test tubes and then analysed by means of fluorimetric
30  analysis after dilution with 50 pl 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
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One drop of an aqueous solution of 1.0% atropine 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 dry eye (8. Burgalassi et al., 1999, Ophthalm. Res., 31, 229-235). After 5
minutes of each AS administration, 50 pl of the AG-Sol composition containing
arabinogalactan was instilled in only their right eye.

The animals underwent the Schirmer [ test at time 0 (prior to treat- ‘

ment) and on the 2", 3%, 4™ and 5" day after the start of treatment. The test
30  envisages the measurement, once a day, of the quantity of tear fiuid secreted.
The determination was carried out before each administration of the sojutions
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i nvention. The base value of lachrymal secretion was
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Table 4 below reports the resuits obtained, as a percentage of fiu-
opositive eyes out of the total of treated eyés. The same results are reported
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 fiuopositive eyes in the control animals only
treated with AS.

(Table 4 follows)
25
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Table 4 and Figure 4 it

is possible to note

5 how in

the untreated eyes the percentage of fluopositivity
and on 5th day of treatnent

i ncreases day by day,

reaches al nost 60%

while in the eyes

treated with

the AG Sol solution, the pefggpgage of fluopositivity
remains con- stant between the 4t and 5th day of
treatnent, at RESHIRIPIAIpeR fhroughuebssirvationdty slitfmp 10 3.
Ev aluati ui"'l of-the—trg—epithe :Qﬂflf'\h Capgru i'u Th
reporte ®bel o} ass sg‘é& the recoﬂeﬂ?ytl ne of a5I g2y on
prg- duced onjraipx t Jcogrealaf par gdmgx SUT apion |0f §X
the foll ow ng z‘g‘ggioaiti ons: |1. AG Sol aquéogus soljution
(5% AG, 4.41% pdkl ; wo ptteatedhs71 | (treated)
PCY/ 1T2006/000616. -33 Z TH-polysqacchari ge (TSP) -
0. (4% agqueousisolutign; 3 iHyal urdnic acid. (HA)
0. 00144% aquequs sol ytion. |t nust |be notéd that,) *
sice the aimjof [he[progucts accordimng tptie
inyentiaon is tihat of {providing |lacHrymal $upplenmgnts
whijch ar® not |as visdoust 5|as artilfictal {tears gf the
prifor arg basgd o put ysacchartdes-sothat—they—fe—
panticularly dseful flor contact lens users, the
concent réati on{of fefdrence sol u- + - “
7 . - - + - +
8 + -~ - - "' 'l"
9 - - + + - +
10 - - - - - +
11 - + - - - +
12 - - - - -
sum 1 4 2 6 2 7
fluopositivity% ] 8.33 33.33 16.67 | 50.00 | 16.67 | 58.33
From the resuits shown in Table 4 and Figure 4 it is possible to note
how in the untreated eyes the percentage of fiuopositivity increases day by

day, and on 5™ day of treatment reaches almost 60%, 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 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 aqueous solution (5% AG, 4.41% mannitol;
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20 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 Wit_h 10 il of an aqueous solution
of sodium fluorescein at 1% wiw and the diameter of the lesion was measured
by means of a specific micrometer,

25 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, 3 pm and 5 pm).
One group of animals, on which the corneal lesion had been carried

out, was left to heai spontaneously and was used as a control group.
Figure 5 of the attached dr:‘slwi'ngs graphically reports the recovery
30 trend of the corneal lesion of the animal groups over time. The data 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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WD 2007/ 020671 PCT/ | T2006/ 000616 -25 Fromthe above
table, as well as fromFigure55, it is possible to
note that starting from 27 hours after adm nistration
of the conpositions, only the conposition according
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of BH &%ro0 heugduced on the rabbit cornea after

adm ni stration of the follow ng conpositions: 1)
AG Sol aqueous solution (5% AG 4.41 % mannitol). 2)

AGHEvaRYa6H of Bed k&-b@ﬁhél&%%gébiﬂ%%tﬁ&rﬁ?ééé’ﬂoe &k sEHfalk-
15 benzal koni um chl ori1 de e test was carried out on
10Ne @DMYB ChiRNid] hi no rabbits weighing 2- 2.5 kg. The

rabbits v @sp5AR8 é‘@ﬂieﬁﬁééveﬁytlm@bféféé&ﬁ%@ﬁuééa &’?ﬂw’e‘?ﬁbbit
(0.15 m/kg) of Zoletil (Laboratories Virda

Fr 9887, aft&hadmmstWQH\ﬁwqée\!ﬁwwe@mags!tl% ng a
bl ef ar ost afye ﬂ@s@ﬂé’ﬁ%&‘u@tsbﬁxﬁgn &5, s SH'%/I REANRY).

instilling 10 pl xybupr ocai ne ydrochlorlde o
(Novesi na(4) , A%- Bﬁaﬁfﬂﬂequﬁaii%ﬂ)'tionl (PY%rher 4% amaanitahe0.01%

iscorneal | esdRBikoAiuf SHIGR! 09y paper disc of 6

The test was carried out on New Zealand albino rabbits weighing 2-

2.5 kg. The rabbits were anaesthetiseyl by inframuscular injection (0.15 mikg)
- of Zoletil 100® (Laboratoriés Virdac, France), and the eye was kept open by
using a blefarostate and anaesthetised on the surface by instilling 10 pl of

20  oxybuprocaine hydrochloride (Novesina®, MiPharm, Italy).
In order to cause the corneal lesion, a microbiology paper disc of 6
mm diameter imbued with 10 pl of n-heptanol was placed on the central region
of the cornea for 60 seconds. After removing the disc, the ocular surface was
thoroughly washed with 1 m| of physiologica! solution (Burgalassi et al., 2000,

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

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 éfter producing
- the lesion, the ocular surface was coloured with 10 i of an agueous solution

of sodium fluerescein at 1% w/w and the diameter of the lesion was measured
30 by means of a specific micrometer.
The treated animals received 100 ul of the examined solutions in the
damaged eye 5 times a day (at 9 am, 11 am, 1 pm, 3 pm and 5 pm).




nmm di aneter i nbued with 10 pl of n-heptanol was pl aced
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servea on the epithelium) and 1 week after recovery, were fixed in a 10%
paraformaldehyde solution in a 0.1 M pH 7.4 phosphate buffer. The samples
were then subjected to several washings with a buffer for 12 hours, dehy-
drated in a series of ethyl alcohol sqlutions of increasing concentration and
25 embedded at 4°C in a specific resin for optical microscopy (JB-4, Embedding
kit, Polysciences Inc.). The embedded sample was sectioned 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 was a shift and migration of the adjacent |
30 integral epithelial cells to the damaged.area, with the formation of a
monolayer, The epithelium, instead, re-established a natural thickness (65-60
Hmin the central region of the cornea) and stratified structure only when com-
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- Untreated control (spontaneous recovery), 6 um;
- sample treated with AG-Sol (5% AG, 4.41% mannitol), 18 pm;
- sample treated with 0.5% TS-polysaccharide, 18 um;
- sample treated with 0.2% hyaluronic acid, 12 pm.
30 ~ These results show that the epithelium going to reconstitute the defi-
cient area does not yet have a phyéiological thickness in any of the cases
observed, even if in the samples treated with the AG-Sol and TS-
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Cell toxicity studies

25 The cytotoxicity of solutions containing AG alone or in the presence of
* benzalkonium chloride (Bz) was evaluated. Mother solutions 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 solutions were then diluted 1:2, 1:5, 1:10, 1:100 and 1:1000

30 still by using DMEM.
The cell line used consisted of rabbit corneal epithelial cells {RCE
8V40 transformed, N. 95081046. ECACC, G.B.). The RCE line was created -
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atmosphere and with 5% CO,), the reaction medium was removed and the
cells were washed twice with DMEM F12; 100 pi of fresh growth medium and

25 10 pl of WST-1 reagent'were then added in each well. The cells were again
incubated for 2 hours (at 37°C, in a humidified atmosphere and with 5% CO,) -
and the slides were gently shaken for 9 seconds; the absorbance of the me-
dium was measured at 450 nm by using an appropriate spectrophotometer
(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 spectrophotometric reading was performed against a “blank” well




The RCE cells were placed on 96-well slides (Corning
Costar(r) Italia, 20 Mlan) at a concentration of 5 x
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20 nodifications can be brought by persons skilled in
the art without departing fromthe scope of the
appended clainms. ................... . WD 2007/ 020671
PCT1l T2006/ 000616 -31- CLAIMS 1. An ophthalnic
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a protective and re-epithelising ativity, containing
from1%to 10% by wei ght of _&arabinogalactan in an
aqueous sol ution, characterisea by the fact that is
does not contain benzal koni um chloride. 2. An

opht hal m ¢ conposition accotﬂhmgsto claiml1,
containing from 3%to 5% by wel ght of arabinogal actan
i n an aqueous solution. 3. An ophthal m c conposition
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cit_ uf fer, bicarbonate buffer, trizna buffer
(tri-hydsoxynssttialimic composition according to claim 5, wherein the said

one or more tonicity-adjusting agents are chosen from the group consisting of:
20 mannitol, sodium chioride, potassium chloride, dextrose, boric acid and sorbi- -
| tol.
7. An ophthalmic composition according to any one of claims 1-8, also
containing ‘one or more pharmaceutigally acceptable acids or bases, as pH
correctors.
25 8. An ophthalmic composition according to any one of claims 1-7, also
confaining one or more buffers, |
9. 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, trizma buffer (tri-hydroxymethyi-
30 amminomethane).
10. An ophthalmic composition according to any one of claims 1-9,
also containing one or more preservatives, except for benzalkonium chloride.




30 anm nonet hane). 10. An ophthal m c conposition
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25 sshution contains from 3% to 5% by w_eight of arabinogalactan.

17. Use according to any oné of claims 14-16, wherein the said oph-
thalmic composition is a lachrymal substitute recommended for contact lens
users, ,

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

19. Use according to claim 18, wherein the said ophthalmic composi-

tion is indicated for the treatment of corneal abrasions caused by contact lens
25  use. '




