1 USE OF L-CARNITINE OR OF ALKANOYL L-CARNITINES FOR THE PREPARATION OF A
PHYSIOLOGICAL SUPPLEMENT OR MEDICAMENT FOR OPHTHALMIC USE IN THE FORM OF
EYE-DROPS The present invention relates to the use of li-carnitine and/or one or more alkanoyl
L-rarnitines for the preparation of a physiological squlement or medicament in the form of eye-drops
useful for the treatment of corneal diseases, The cornea is the Inns-parent, dome -shaped window
covering the t [ werful re.fracAhrigisuriace, providing 2/3 of the eye's focusing
power. ke [ H0 A A LS U e e 0 A7 o 7o comen.
extremely sersiiver tereroegore nerve endings 10in the cornea than Uhwirerd Lie in the body.
The adult cornea is only about 1/2 :millimeter thick and is arranged in three main regions, or layers:

- Epitheliirrn: it fum@g%@m@wé@@mmgte@smﬁ@ﬁ@m@wm&i&@%&uﬂ@%ﬁeof water into
SO

the eye, and other layers of the cornea, and 'provide a smooth surface that a S oxygen and other
needed celbnutnients st arycdnrtaimedtinteafs: This:|layemuhicihis aboutivacalisdaep, is filled with
-thousands of tinEy nerve endings that make the cornea at-di emely sensitive to pain when rubbed or
scratched. SBPBtFEREIsIbCEREBIEBRIFE th&e fitelformttef stymatvomsprisesudbiut @Bpercent of the
cornea. It consislts .!orim?rilx ofevg?%%r and layered protein fibers that give the cornea its strength,

elasticity, aHET g T EFRSHRERTE The unigue shape, arrangement, and spacing of the protein

fibers are essentiglin 15 ight-c ting transparenc Endothelium: this
3 LD pERAUER0 the CRUnRaRlONCHRIMEINGIASRAIBNRY - op SR00

single layer of cells is located between the ‘stroma’and the aqueous humor. ® stroma tends

to absorb watar: &netgré.@9&1QHQ@%&W@M&%&&M@@H&&%?%W%%%?@% sifoma. Without

this pumping action, the stroma would swell with 5 water, become hazy, and ultimately opaque. Many

diseases caydaniageshig deliwate difgctiies.crysthk mmaim eatses of ighpairment ofithe epithelial

structure of the cornea are dry eye syndrome; corneal abrasions and injuries due to, for example, the

application BFROAE &ALk, T P&factive laser 10 surgery.  Other diseases of the cornea are

associated with impairment of the F}gg_rmal ransparency of.the conical surface, caused, for example, by
IS

damage in the afterfath of keratiie. particolarty-bactarial- Viral 8F JuFPaEKBRATRSSBY 8&mage resulting

from traumaardsefragtivedaser &@seygglgﬁstgg%}%;gtive or hereditary diseases such as
chronic and acute keratocono. he tear film, which coats the corneal epithelium and is essential for

the homeostasis aftibe eyaisutdanespetformsiandmbpatrtany optsakfitetion;acting,as a;lubricant
between the eyelids and the eyeball and 20 as a vehicle for oxygen, guaranteeing the metabolism of

the cells of §i& FoBSEaTepRFRMH TRAIE ARSIPERoAMSay #ushing function, ensuring the removal of external

age.nts. - Epithelium: it functions primarily to block the passage of

foreign material such as dust or water into the eye, and other layers of

15 the cornea, and provide a smooth surface that absorbs oxygen and
other needed cell nutrients that are contained in tears. This layer,
which is about five cells deep, is filled with thousands of tiny nerve
endings that make the cornea extremely sensitive to pain when rubbed
or scratched.

20 - Stroma.: is located behind the epithelium, the stroma comprises
about 90 percent of the cornea. It consists primarily 4of water and
layered protein fibers that give the cornea its strength, elasticity, and
form; and cells that nourish it. The unigue shape, arrangement, and
spacing of the protein fibers are essential in producing the cornea's

25  lght-conducting transparency.



Also important is its function as a carrier for growth factors, neuropeptides, and neuromodulators that
regulate the activation, proliferation and differentiation of corneal and conjunctival epithelial cells. It
also transports immunoglobuLins (IgA, IgAs, 1gG, IgE, IgM), complement factors (03, 04, 05),
metalloproteases (MMP-2, 4, 9), enzymes (IysoZyme,iactoferrin) and immune system cells
(limphocyte), thus performing a fundamental defensive function against infections, Dry eye
syndrome is characterised by a quantitative (hypolacrimation) and/or qualitative (dyslacrimation)
impairment of thgteasfieiohamultifactoriahosiein \alyieh redy cglleayndbeaitse] Clinieallysigrifieant
damage to the eye surface. The prevalence of dry eye syndrome ranges from 10 to 40% in the adult

populatiorsarsiiererdd ha hghhesigrificanticorreBtonwdth dge. stromibetdniths SGiatascid
prevalence of mild-to-moderate dry eye syndrome is up to approximately 10 million people (Am. j.
Ophthalme&a k29 T 24eTRBTR8 1 Arah O pirfinredmip L1, 2600051 18 112 6] 268k Sdarivarsestud i sof
conducted in order to understand the 15 mechanisms activated in this disease have shown that the
tears of suljecttafferie NG doysyEspmoromepresantianintieasédoenapuratidd rateclhorédsed
surface tension, reduced vitamin A concentration, increased osmolarity, reduced concentration of a
numbér ofwedesindepssrynisasasteiadinl immstielshomaqise20 'Production or qualitative changes in
mucus production, with consequent inadequate reconstruction of the mucus layer, reductions in a
number of growtAViassrdiEeescrGRE, AFmrgF Chis daligate sioeatattomgia, 1982; 4; 34-37),
changes in concentration of inorganic elements, reduced androgens and dysregulation of T
lymphocyte 4 achviy Feaifeaazss of Tunarmeay thelntbeh shdhsiiativisachunt afstate the
use of contact lenses has to be mentioned. The clinical signs regarded as being most closely
related to RS BEMASEI AT RoRYRICH AE TR e S BFEMKE pAPRB SHITR t8SHaHAT B B asiIrARE 18t results
(Pescosolido N.: Le alterazioni del film lacrimale. In Stendler P.: "11 sistema lacrimale, Fabian editore,

Canelli (AP 0B HRI©3 7380 R UREHOIh Rire ROTHAA Wi R Seer@RGo FRIFRSENS 1S 2000).

The BUT test has to do with the mucin content of the tear film 10 and, in the dry eye, yields only values
belowd se¥IREE Y he Schirmer test, on the other hand, has to do with the water content of the tear

film and, in the dry. eye, yields valuesf ow 5 millimetres in 5 minutes. The patient resent% th
following symptoé@%ﬁ?e %%8?550 e %tﬁ%%ﬁ%i@edi?f?&ﬁt?%ﬁﬁﬂirﬁ? utteR ﬁ;@ tr?ée

eyelids, itching, gye falioue, Rhotophohia. BuRd YiSION. SN MYEKR SXIREss 190 Atdng 0pgr canthi.
by damage in the aftermath of keratitis, particularly bacterial, viral or
fungal keratifis; by damage resulting from trauma and refractive laser
15 surgery; as well as degenerative or hereditary diseases such as
chronic and acute keratocono.

The tear film, which coats the corneal epithelium and is essential
for the homeostasis of the eye surface, performs an important optical
function, acting as a lubricant between the eyelids and the eyeball and

20 as a vehicle for oxygen, guaranteeing the metabolism of the cells of the
corneal epithelium; it also performs a flushing function, ensuring the
removal of external agents.

Also important is its function as a carrier for growth factors,
neuropeptides, and neuromodulators that regulate the activation,

proliferation and differentiation of corneal and conjunctival epithelial
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The treatment of this syndrome is based on the use of the following, tear substitutes whose task is the
regular moisturising of the 20 cornea, but which do not exert any action on the basic causes of the
disease and are endowed only with very short-lasting efficacy; inserts (plugs) in the lacrimal
canaliculus; irnmunoregulators such as topical cyclosporin; topical steroids; anti-inflammatory agents
(rmerilone and loteprednol); autologous serum (cytoki?’le inhibitors); topical or systemic androgens;
mucus (HETE eicosanoid) and aqueous (P2Y2 5 agonists) secretogenic substances; acquaporins and

agents sueklas.ahtividtos wahspergenisiontieagiatnditof HgksedeAsfiefptondgiitaigblepharitis
(Cornea, 2005; 24: 1-7). Also used is treatment with iodide iontophoresis owing to its scavenger
activity asePraqiemeagefeatnreledtdn dofer (Adk. Caatdioprooeasds 1{MVIBR2 ). ©phalmoL,
2005; 89: 40-44).  Even these latter treatments, despite exerting an action which may be regarded
as more rEBRFRRSHIEESAGIRE cAa5EelsTIaHisesbdravaTiai By 355/l ¢ Eiks dhitoiphedytesults.
10The nonual transparency of the corneal surface can be impaired by the aftermath of numerous
diseases dEGtRREHOGRHER R bR dargemia kit isnnage e cldnehREainst im&teHevarious
constituent compgnents. The acquired disease conditions most commonly implicated are post-keratitis

damage, particularly afté¥ £5 h%ﬁ%}ﬁtitiﬁ%nd%ﬁﬁ%&%ﬁingbﬁr’theeafteﬂh’e?fﬁ%?%\ﬁﬁ)a and
(oucomad BT AES o RS i AFHE BYEn B HARGERd FORAGTaTo0thr m the
profound S e nc Al o BGRGN A e SUTACH S aRing TeSHBlo R REFE
roces. cAVBASSAGelaL ol preed o geur gl edaloy e gy .
and, amonGye syndrome ranges from 10 to 40% in the adult population and there

10 is a highly significant correlation with age.

In the United States the prevalence of mild-to-moderate dry eye
syndrome is up to approximately 10 million people (Am. J. Ophthalmol.,
1997;124:723-728; Arch Ophthalmol., 2000; 118: 1264-1268).

Various studies conducted in order to understand the

15 mechanisms activated in this disease have shown that the tears of
subjects affected by dry eye syndrome present: an increased
evaporation rate, increased surface tension, reduced vitamin A
concentration, increased osmolarity, reduced concentration of a
number of proteins (lysozyme, lactoferrin), insufficient mucus

20 production or qualitative changes in mucus production, with
consequent inadequate reconstruction of the mucus layer, reductions
in a number of growth factors (EGF, TGF—Q, aFGF-bFGF, LG-F, HGF)
(Contactologia, 1982; 4: 34-37), changes in concentration of inorganic

elements, reduced androgens and dysregulation of T lymphocyte



6 the latter, keratocyte apoptosis probably plays a major role (Cornea, 2000;19:S7-12). This event is
responsible for the corneal repair process since keratocyte apoptosis is the prime mover of the
reproliferative stimulus. The stroma keratocytes underlying the initial acellular 5 stroma therefore
represent the cell source that mediates the subsequent healing of the surface stroma beneath the
epithelium. As a result of the cellular repopulation, the‘activated keratocytes undergo myolibroblasfic
tra_nsfoilliation (Invest. Ophthal mot. Vis. Sci., 1998;39:487-501). thus proving responsible for the
productioraeft i@ iepliauemiteie DOWIT Dasicisybstanaes i vetie cifeRierestityioad jptagr@nrrocess.
A recent scar is very similar to foetal tissue, it is rich in foetal and type Il collagen with thick fibrils,
wide interfilbritati spases haduaskydfophiticositdmasEisrexpleins thecharratedstic opacity. It also 15
contains fibrinogen, fibronectin, larninin and weakly sulphurised keratan sulphate. The keratan
sulphate/ condrolfh sutithaitess edduned éptheischrstraremg nidetnyofbioblasta disappentdn a few
weeks to a few months. Gradually the scar changes and becomes less opaque. The resistance of the
stromal scpietitmie & ei%annpdied widraoreduissde diteathrespwetks; 6(BUdtetayRaraarnd 70%
after 3-4 years. Corneal reinnervation is very slow. The cytokines play an important role in these

event$. |IL-Sapmoteretb sl the i ddapithetiliony Simdlatedtemraatiopioted e rnbhoolriagkn dse

synthesis through the keratocytes and the myofibroblasts. The TGF-P reduces the production of
coLlagenassemdlieriniolVed ssherfsemadoimoiiazeF béandueshithresyhimesidi ofAdetalOsiolease
thus increasing collagen synthesis. This process, however, is not self-con.trolled and., in many
rRses, abifd#gdal, 8)&%3%%/%’ hdairglBedtes folibised TRIergreater Brddudion st totidgeiPty®Sil, an
increase of jaluronic acid, and an increase in lamellar disorganisation (Arch. Ophthalmol., 1990; 108:
665-675; EZJxﬁ.SE%QiIéié?,%@Q@)-?S - 553-560; Ophthalmology, 2000; 107: 1235-1245) or an
accumulation keratocytes e dei rnyofibroblasts as shown by ep-afocal microscopy (Prop-. Retin. Eye

Res., 1999; 18:314458Y 11 fasiidas: tR R vathy (Bodmveirusenient e e reas Bhv4; 78 -

553-560). hese abngrmalities are jnvolved in J-1-10 pathogenesis of the most feared
compiftati stio ﬁ&%@%ﬁmﬁ]ﬂ OB At RR %@T&Watﬁnﬁ??@ﬁ%‘; naRfely ChazE Hith

consequent impairment of t{g‘e 25 functional outcome. Haze is classified according to Heitzi sarin in 5
degrees o ‘?t%?bgﬁstgﬁh% §Eaﬁﬁﬁ§i’r?‘r$§rﬁ Beraf? e d@ggdvgmaponteng of the tear
transparengy(OphthalmoZogy, 1998; 35 :1411:1421); or. accordPin to tg; Fantes scale (Arch.
Ophthalmoﬁg, 9(?,’11%8: %5% )% |cheé(i%tin%%sfl?fs6 Xe%}’é%g 0 ﬁg‘%‘é’( X O%%%?%ﬁ”&nds 4+). 20
Though th%] Eiﬁnge of haze has been substantially reduced over recent years, as a result of the

: es. . . : D i A
technological advances in the field of excirner lasers, it is still a fairly frequen, complication even today

and, in rare casesrﬂ/gulggggﬁ@r gg{ iéglrletger ,eev%h%qﬁﬁ%on gﬁggfﬂggn?otp&rggy.g%g% of the

eye with myopia not exceeding 6 opters and 3-17% in the eye with myopia excegding iopters
(Ophthalmalefig, NgHh. T 2381, éﬂfﬁé@@ff%ﬁﬂﬂﬁﬁ%?sﬁﬂﬁs&ﬁe%g@ﬁ%”%t%ﬁ&?
months) which fails to respond to medical cortisonic therapy jan event that can dccur with late-onset
haze (4-12;manthe afterihe gpersiien (Ophbaimrlosis 199id94d  vision, and mucus
extravasation at the inner canthi.
The treatment of this syndrome is based on the use of the
following: tear substitutes whose task is the regular moisturising of the
20 cornea, but which do not exert any action on the basic causes of the
disease and are endowed only with very short-lasting efficacy; inserts
(plugs) in the lacrimal canaliculus; immunoregulators such as topical
cyclosporin; topical steroids; anti-inflammatory agents (rumexilone

and loteprednol); autologous serum (cytokine inhibitors); topical or

o
h

systemic androgens; mucus (HETE eicosanoid) and aqueous (P2Y2



5 369-3 74; Cornea, 2004, 23: 350-355), as the only feasible procedure is phototherapeutic
keratectomy (PTK) with an excirner laser, a procedure used for the laser-assisted surgical removal of
superficial str-omal opacities combined with 0.02% mitoraycin (J. Refract. Surg., 2003;19:40-43; J.
Refract Surg., 2003,19:449-454). The use of the 10 activator of plasminogen and of TGF-al is still
undergoing animal studies (J. Refract. Surg., 1997;13:.5356-361; Invest. Ophthaknol. Vis. Sc., 2004;
45:1329-1333), while INF8-2b, tested on man, has produced poor results (J. Refract. Surg., 1996;

22:891-908Fdnilety), whiledtvgdairesiiagesn generabycasymuematiarnt eehbcasises aslight
reduction in sensitivity to contrast, serious fain's of haze can interfere with refraction and be

accompaniettiyi ntyopic aegte ssehe s exidrerdi scamizgideRefratt. Surdis:99% 1 bR4h 347;
Ophthairriolou, 2000;107:1235-1245) .  The corneal dystrophies (Bietti, 1971; OftaLmologia

geriatrica) coa canm ifisordepdcTheyrite (etimeas iditive¢orhdal disorders not associated with
trauma, earlier inflammation or systemic diseases. They affect both eyes, are hereditary and, for the
most part, have af@gftossadl denireairnant widnidaididge nerstimprhisfasinomrdargnen than
dystrophies but the symptoms are generally less obvious. It is not hereditary, can be 9 unilateral or
bilateral af¢VEBEFHS LRHFHIUL A0 Pralgdtj g gchteasitlcaleciten bjatetinitiddpe @iénent, or
does not resolve itself spontaneously. Usually it involves more than one layer of the cornea. 5
Distinctions @ be Ao ehdebfy fimry P iiBisHime land 4880 Rfirs €58 The first are often
connected with ageing without heing preceded by any specific pathological process, the second ones
are always assodiafEF WIS e (FSEIs AT ER e dLEPRHE \FREHSFB a0, AER., WS or

inflammatory in pature. Keratpconus is 10 gne of the most typical degenerative diseases.
Keratoconﬁé/ o= RSy eSS M e Q%Eﬁﬂ?réf‘&)%‘iﬁ‘%ﬁ@%&ﬁég%ﬁﬁ%ﬁFﬁSWes over

time and takes a_progressively conical form, with tapering of the tip. This corneal defoliation results in
severe ast %Vﬁi%?%?fe%ﬁ) i%éléh%&%&?&ﬂ%&ﬁgﬁlgﬁgsible with hard gas-permeable corneal
lenses, Only rarely. are_epikeratoplasty, photorefractive keratectomy or the use of intracorncal,rings
(INTAF(%TS) consijgj(telr%d (8orlna§a?%a§§ %’é;i@ﬁf%é’;%g%h?h%%%% y?%%ﬁ%#-’ifﬁ?%%?
Ophthalm 1 42 - . Cat rq,, 2 X :1117-1122:.J. Refract,Surg., 2001;
17:69-73) G(é);y algog%e%#s%%?%%%agg %g%e%rlé%%Ie%%%%%gecsomﬁﬁgér\?vﬁh I ﬁ%jl%r.a,&?lvt et
techniques. oy castest the afragin gfectaiut dadipldesoletiie gause getheigormea ggfasia and
SO

therefore do not stop the progres ratoconus, which In its most severe foiai means a corneal

transplant ((e{aea;k397, 1682382 aneOMen d 99481t d 1Y 6ommea, L9A% 1 108-4 0, Gornea,

2002;21:152-155). 10 Keratoconus starts at puberty and in 20% of cases perforating keratoplasty
has to be pestermes (PPihaineelesy, 1984 4844334y damage, particularly after

15 herpetic keratitis, and damage occurring in the aftermath of trauma
and laser refractive surgery. The minimum common denominator is
the formation of corneal opacities (leucomas) that functionally
jeopardise vision. The events involved in wound healing that occur in
the corneal tissue after infection, caustic damages, injury and

20 refractive ablative surgery are have a profound effect on the final

morphological and refractive outcomes of the restitutio ad integrum

process.
The acute epithelial and stromal corneal lesions occurring

immediately after injury and laser ablation are probably involved in the

o]
h

regulation of the subsequent corneal tissue repair events, and, among



Past studies have not produced relevant results leading to an understanding of the physiopathology of
the disease but only more recently, with the development of molecular techniques, have advances
been made in understanding this abnormality. At present, however, we are not able to say that the
presence of keratoconus is due to unifona.: anomalies which are specific to the 10 extracellular matrix.
There are areas where the elements of the basal membrane are absent indicating on-going oroteolytic
activity, and there are areas in which there are deposits of fibrotic substance which is also found in
other pathblegiestArcokreatuityteratnophosibaptmi fvists pifEphibitom ey meke(T(MPRaad greater
activity of the enzymes 15 which are capable of degrading the extracellular matrix. The TIMP play a
predomin@@odelie iBE-thidkriBssofven sttomasmarisithie stabityeot Bonegadre peaampraseswhich is
characteristically interrupted in keratoconus. Furthermore the decrease in one of these inhibitors.
TIMP-1, csiretplayemmpprarpolktivsdactosis or iTtmcamaetsus Ddbehavpupbiehat®ets found
in keratoconus. Apoptosis is the programmed death of the cells. This death is necessary for
reconstructigddmagedlellssanorts thearaitReyiteRovereanamy gsdls. initipked ,
apoptosis is more frequently found in the strorna (Invest. Ophthalmol Vis, Sci., 1998; 39 : 220-226)
than i otiséTosRteal therstICoilReDTRREN D1 200 STRESShséRAl o RErHiAbRaNt Bicause a
cornea with keratoconus is subject to chronic jrritation caused by hard gas-eiineab]le contact lenses,
to greater SNEASAGEAETS ROALRECHTES SFeERY IR RGeS HA e PR FR AT BN the
epithelium could cause apoptosis in the stromal cells %keratqconu (%%gée Res., 1999; 69:

225-266;CSREAL 2J061E0CH7HaD)\'BHAR CrELSR SEFIS UKL HEE°
commonly correlated to the LAR protein antigen present in keratgco t not in Q/ormal %o;neas can
be seen (ERYHEYFRBLEST .68 3BEIOEFFETOTAR i§H s me &&photyfosineansferase

capable of stimulating is (Rroc. Nati. Acad. Sci. USA,.1994:91:10868- 15 1Q872; J. Nedrobiol.,
2000;42:4?%%%£'ﬁ%1%9§%g§eriﬁ&%cﬁgﬁ¥?ﬁlgf A56i 8&%%%%? a?ﬁs‘i‘gﬁﬁbit‘%ﬁ"kﬁqﬁli 1%' olin.

Invest,, 1998:102:2002-2010; Blgod,.1.998:92:1342-1349) whjch i ratocoq. 1o be yeduced,
as has be&® Fed 1?5\%% 8 Oflib&%%%ic%?gﬁéﬂ é&%ﬁ%&%éﬁh@ﬂp ng%ortr\@;g% o%gpoptosis

could play.an important role in the pathogenesis of keratoconus. Sodium hyaluronate is a very well
%Edu

known cor?‘urp1 G u%le§)¥8%?8§éct corneal epithelial cells, especially in patients with thy eye syndrome

or with Sjogren's Zi—y%%%%&%' Iﬁ%a%iﬁ%ﬁ C%?@gﬂﬁyaggrggé{glis%%ot anktotsprotegtiMg role of a

mechanical type exe n the epit s a result of its viscoefasticity, in 12 situations of

educed egroradyalon butlsnoJheposiie alees ol pakuisciseoicauionan somed

\ca
epithelial c ulating their migration (Exp. Eye Res., 1991;53:753-7%%%. Taurine (or
Z'aminoet*ﬁgﬁﬁﬁﬂﬁlﬁ'& &idrs-considsradaaminoaeidcpyen dherahit depspaipossesisthe
i

characteristic carboxyl group (COOH) but the S031-1 group. Taurine is only present in the animal
realm,vhereasiuedetabip £09ds.40 nathassessitis amdaaidand weakly sulphurised
keratan sulphate. The keratan sulphate/condroitin sulphate is

reduced in the scar stroma.

The myofibroblasts disappear in a few weeks to a few months.
Gradually the scar changes and becomes less opaque. The resistance
20 of the stromal scar tissue is 20% compared with normal tissue after
three weeks, 60% after 1 year and 70% after 3-4 years. Corneal
reinnervation is very slow. The cytokines play an important role in
these events. IL-la, produced by the corneal epithelium, stimulates
metalloprotease and collagenase synthesis through the keratocytes

and the myofibroblasts. The TGF-p reduces the production of

[
h



Vitamin E is the main antioxidant of the cell membranes, and is 10 found in the human body in 4 foilas
consisting of a-tocopherol, tocopheroi y-tocopherol and 8-tocopherol. Of these the a form is the most
frequent in the retina and in plasma and is the one with the greatest antioxidant and free radical
scavenging activity.  Vitamin A is essential for cell vitality-, cytoskeletal organisation, it regulates the
expression of proteins of the extracelhilar matrix, cell ddhesion and wound repair (J. Gel.1 Biochem.,
2003; 89 : 837-847). Vitamin A is also involved in the production of angiogenic (inactivation) and

anti-angiogenid fgethasion)aciersinthe endathaial rete (FxenEye ReSe 2004 784 489%R)k Some

of these, stromal derived factor 1 20 (SDF-1) are secreted under the effect of proinflarnmatory signals
1,TNF-a, bagterth asis \ifusespalshin teaperetion Witbreteriaciers aaier iggdhe proliferation
of the vascular endothelial cells. SDF-1 and its receptor CXCR4 have been found in human

keratocvtes (Mol. Uisis 20081%86- 102y =Ten, dthersysteihsarepistdavaivad in Gerica} angiegen.esis:
vascular endoth.elial growth factor (VEGF) and fibroblast 13 growth factor b (b FGF).
Anti-angiogéhstiertarctbrsxoensivetieselippkinesias thil pigetkhtse pithetieumdepved faster{ REDF)
(Mol. Vis., 2001, 7 : 154-163). IL-4 and TGF-13 are also known to inhibit corneal angiogenesis in vivo
(Acta OnlithahHeIgSeafpe2 002; 50 3B2nFa.s6 Métaidprotedse aaid abieth intervenedadbein
regulation of angiogenesis with inhibitory or potentiating effects. In the absence of vitamin A, the
corneal epitffERHBR SRS AR, Rt Arhthininadid AREMINQSWEIEEGETS takayoid the
keratinisation of the conical epithelium, arc supplied by the tears. Nuclear receptors with retinoids 10
are presentihd Esithedlif arnin e dndhia. Op@g\ﬁmgﬂpha%td&%tin&mﬁﬁﬁjne),
commonly known by the name of citicholine, is a precursor of phosphatidyl choline, the main
phospholipi@’of 8Tt GIFHEHIRLHRR. BFGET8ARE Ehe@ JLEhe BRIRERTIP bl askimiady tichamymes, the

phostaholipases, the catapolism 15 of the membrane phospholipids is accelerated and, if the
resSrrithesigﬂ@ﬁﬁ%s%fm&e, 1008 %5ubEGERBes mir&e, dRA%L &ié Lérd@dfleswhich

can activate the metabalic. pathways whi %e d 1o cell apoptosis. A deterioration in the turn-over of the
phosp‘r‘rgolipigftsag vgéeév %%Tsﬁ%’?aﬁd%@ ﬁhé%nerﬁg%%4&o@5%n@§té?ﬁ§~ar%%%u?§célI
function at risk.; = @e use of inorganic elements is well known in the medical field, and a number of
these are essentia? I the stability of the tear mm (Pescosolido 2000). Previous uses of

e e oI S s RS R e e
use of acetyklleapitipg e HEAMERt AYaHEAM G coeneration  after photorefractive
keratectomy (PRK), namely, haze, with consequent impairment of the
functional outcome. Haze is classified according to Heitzmann in 5
degrees on the basis of the visual impairment due to the reduced
corneal transparency(Ophthalmology, 1998; 35 : 1411-1421); or
according to the Fantes scale (Arch. Ophthalmol., 1990; 108 : 665-675)
which distinguish 6 degrees of haze (0; 0.5; 1+; 2+; 3+; and 4+,
20 Though the incidence of haze has been substantially reduced over
recent years, as a result of the technological advances in the field of
excimer lasers, it is still a fairly frequent complication even today and,
in rare cases, would appear hard to reverse, even after months of

cortisone therapy (0,5% of the eye with myopia not exceeding 6

| O]
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diopters and 3-17% in the eye with myopia exceeding 10 diopters



US 5,883,127 describes the use of acetyl L-carnitine for the treatment of maculopathy and macular
degeneration. Further uses of carnitine are also known. In Res 1992;18(8):355-365 the use of
L-carnitine in the cardiological field is described. 10US 5,543,556 describes the use of acyl li-carmitine
esters with gamma-hydroxybutyric acid for the inhibiti%n of neuronal degeneration and in the treatment
of coma. US 5811457 describes the use of propionyl L-carnitine for the treatment of chronic
obliterating arteriopathy. 15None of the above-cited patents or publications describes or suggests the
use of L-cafnitinhoirofod|keBbitt )rehimitite foxthe treaitnent okdiseaws-ofthae, corneaasesindhe
medical field there is still a strongly perceived need for the availability of therapeutic agents or
physiologipeirsissfuemdn usefuh 8ot trentrasimentnfdhe abpveinentioned cormnealstiseases. it
has now been found that L-carnitine and/or one or more alkanoyi L-catintines, or one of their

pharmacenticdigaicoeptabterdaltsreasefjbagensiidr tiegireparatimrcat-awhysidlogicalrstmplement
or medica.ment in the form of eye-drops for the treatment of diseases of the coinea. 15 What is
meant by praendtelfcanoaddeptafitesaltlot Lopmmiitiors d6ydahainteldatier W9 an adithat does
not give rise to toxic or side effects. = These acids are well known to Dharmacologists and to experts
in pharmadP RS finfingeandiiEds Sich 88ifs ek Herith chrorhidie asibttep rspacdates asid
aspartate, acid citrate, magnesium citrate, phosphate, acid phosphate, furnarate and acid fumarate,
magnesiufRBiREERetEkS %§F@t§%@%i@%¥ﬂbﬁé‘f}} Gl smEciavir dealate amoate] e
pamoate, sulphate, acid suI{)hate, glucose phosphate, 10 tartrate and acid tartrate, glycerophosphate,
=mate, magReSiuittatitsie BaRINRSSIRIFES URHERSR, nEgmay@h Oanskperficial  stromal

ethanesulphonate,methane%ulphonate,gholinetartrate, trichloroacetate, and triftuoroacetate.
opacitiés combimed with 0.02% ' mitomycin (J. Refract. Surg.,

2003;19:40-43; J. Refract Surg., 2003,19:449-454). The use of the
10 activator of plasminogen and of TGF-al is still undergoing animal
studies (J. Refract. Surg., 1997;13:356-361; Invest. Ophthalmol. Vis.
Sci., 2004;45:1329-1333), while INFB-2b, tested on man, has produced
poor results (J. Refract. Surg., 1996;22:891-900).
Indeed, while low degree haze is generally asymptomatic, or only
15 causes a slight reduction in sensitivity to contrast, serious forms of
haze can interfere with refraction and be accompanied by myopic
regression due to exuberant scarring (J. Refract. Surg., 1995;11.341-
347; Ophthalmology, 2000;107:1235-1245).
The corneal dystrophies (Bietti, 1971; Oftalmologia geriatrica) are
20 rare disorders. They are defined as primitive corneal disorders not
associated with trauma, earlier inflammation or systemic diseases.
They affect both eyes, are hereditary and, for the most part, have an
autosomal dominant trait.

Corneal degeneration is far more common than dystrophies but

o
h

the symptoms are generally less obvious. It is not hereditary, can be



What is meant by pharmaceutically acceptable salt of L-carnitine 15 is also a salt approved by the FDA
and listed in the publication :frt. of Pharm. 33 (1986), 201-217, which is incorporated herein by way of
a reference. One object of the present invention is the use of L-carnitine and/or of one or more
allcanoyl L-carnitines selected from the group 20 consisting of acetyl, propionyl, valeryl, isovaleryl,
buryryl and isobutyryl L-carnitine, or one of their phano%ceutically acceptable salts, for the preparation
of an ophthalmic physiological supplement or a medicament in the form of aeye-drops, for the

treatment omtmam:cﬁsaﬁseﬁmtmmﬁaidt@g&r@@{ﬁ@e%eéz&&!s&t%f%%&?%&%P i§ing,

de-epithelialising diseases, dry eye syndrome; infective 16 Keratitis; acid or alkaline caustic damages;
corneal abrasiohs aadiey iftjuiigs iedefinecianicel asiemergontaciignses slegengialive disgase of
the conical stroma such as acute or chronic keratocono, strornal damages caused by refractive laser
surgery; anédpstiephiobsligeases, impairment of the transparency of the surface of the cornea
caused by various types of infective keratitis (viral, bacterial and fungal), or by injuries that damage the
structure of the varibssgbnpdheritsvedmstitutimptie colnea, sonk asafeeinsenceHpjuries-ata.
mechanical, post-surgical and post-laser-refractive surgery type 10 (such as, for example, haze);
hereditary oﬁ%@&@ﬁ% drRasessuchrawthrobictarstacuterkeratyconus. ididdrther objegt of the
present invention is a physiological supplement or medicament for ophthalmic use, in the foini of
eye-drops, SSiRpRGAG BsieRRivENAgfEwenarecapfitme, ermoneatkis Hathhaireiceytical @gceptable
salts, in combination with humidifying agents such as sodium h-yaluronate; antioxidants such as
vitamin E; indrgaRideIeRsaife d3c6mporraei Breraheiogiesdpivtes toat fitmsemobras masganese:;
inorganic and organic elements such_as sodium, potassium and the amino acid taurine for the

regulation of-ife TENGEP A SOREEFRY YEhE SHtriREasnh Arhinyivatyadee pratin exdigitnts and/or

diluents; . . . )
acute, chronic, infectious or inflammatory in nature. Keratoconus is

10 one of the most typical degenerative diseases.

Keratoconus is a non-inflarnmatory ectasia of the paracentral
portion of the cornea which evolves over time and takes a progressively
conical form, with tapering of the tip. This corneal deformation results
in severe astigmatism, often irregular, corrected wherever possible with

15 hard gas-permeable corneal lenses. Only rarely are epikeratoplasty,
photorefractive keratectomy or the use of intracorneal rings (INTACTS)
considered (Cormea, 1987;6:131-139; Ophthalmology, 1992:99:1187-
1192; Surv. Ophthalmol., 1998;42:297-319;J. Cataract. Surg., 2000;
26 : 1117-1122; J. Refract.Surg., 2001;17:69-73) or also the use of

20 hard gas-permeable lenses combined with INTACTS. Al these
techniques only correct the refractive defects but do not resolve the
cause of the corneal ectasia and therefore do not stop the progress of
keratoconus, which in its most severe form means a corneal transplant

(Cornea, 1997;16:623-629; Cornea, 1997,16:414-419; Cornes,

| R
(n

1998;17:468-470; Cornea, 2002;21:152-155 ).



in which: ii L-carnitine is present preferably at a dose of 0.3-3%, and most preferably at a dose of
1%; 17 taurine is present preferably at a dose of 0.1-4%, and most preferably at a dose of 0.5%;
sodium hyaluronate is present preferably at a dose of 0.05- 1.5%, and most preferably at a dose of
0.2%; 5vitamin E is present preferably at a dose of 0.05-1.0% and most preferably at a dose of 0,2%;
manganese is present preferably at a dose of 0.01-0,1 W]g/L, and most preferably at a dose of 0.051
mg/L; zinc is present preferably at a dose of 0.5-1.5 mg/mL, and 10most preferably at a

dose of 1.02 mg/mKeratosogiim &m@e@@W%%%f 5@‘900% %YS asnd mast greferably at
0 mg?l_, RYRG ’Emg

a dose of 30 mg/L; potassium is present preferably at a dose of 1-1 mos

preferably ai«mﬂa&epdbﬁﬂyl%ad&ﬁhb@yp&m%ﬁéwr@%&%%qgggl W@?H‘””fﬂﬁy adgition.plly
contain further antioxidants such as, for example, vitamin C, Borage oif:€pithelialising and
anti-angiogehit dgents, humidifying agents; inorganic elements; regulator of the cellular osmolarity;
antibiotics; antiviral and antifungal agents. 20The following examples illustrate the invention.

EXAMPLE 1 ARsitastidiemsiwmductet ipmdeicdd Q@i@ﬂwf@m{@%%ﬁﬁé&e fyngome
were recruited.  The patients recruited were all women aged from 35 to 77 years (mean age: 59.5 =
10.4 years), 3B @evHiendiee sifdimgdfuysiopathology of the disease but only more
recently, with the development of molecular techniques, have advances
been made in understanding this abnormality,
At present, however, we are not able to say that the presence of
keratoconus is due to uniform anomalies which are specific to the
10 extracellular matrix. There are areas where the elements of the basal
membrane are absent indicating on-going proteolytic activity, and
there are areas in which there are deposits of fibrotic substance which
is also found in other pathologies. A cornea with keratoconus has low
levels of inhibitory enzymes (TIMP) and greater activity of the enzymes
15 which are capable of degrading the extracellular matrix. The TIMP play
a predominant role in the thickness of the stroma and in the stability
of Bowman’s membrane, which is characteristically interrupted in
keratoconus. Furthermore the decrease in one of these inhibitors,
TIMP-1, could play an important role in apoptosis or in the anomalous
20 behaviour of the cells found in keratoconus.
Apoptosis is the programmed death of the cells. This death is
necessary for reconstructing damaged cells and for the normal turn-

over of many tissues.



18 Sjegren's syndrome, diagnosed on the basis of Fox et al 's criteria (Arthritis Rheum, 1986; 29:
577-584; 1986). Patients were selected on the basis of the BUT test, the Schirmer test, the
fluorescein test and the rose bengal test (Pescosolido 2000; Arch. Ophthalmol., 1969;82: 10-14).

The BUT test had to yield results 5 seconds, while the Schirmer test did riot contraindicate inclusion in
the trial. Damage to the surface of the eye was evaluated by means of the rose bengal staining test
and the fluorescein test. Damage in the rose 10 Bengal staining test was determined by reference to
the van Bijsterveldl EGaRIERRMYARHhZDPRPRIMEL MOs9: S qoamywinting the Hxposedausface into
3 zones, with a score of O to_3 per zone. For abnonnality of the fluorescein test score both the
affected sUiANES (A AR TR ERRRgd EensRGi)) WRPEevaBated2R 226N g 85 from Gth&r(low and
high) on the basis of severity Jczp, Clin. O(;)hthalmoi. : 1994, 48: 183-188). On the basis of the test
score res&?{ﬁffijﬂgﬁér BE-intY S 2uBgroatnal@ly, those with mild dry eye (A1D1, AID2,
A2D1), those Wiwﬁod rate dr¥.e e d,%A:LDS, A2D2, A3D1) and those with 70 severe dry eye (A2D3,
A302, A3D3). eor%ﬁré@?e ’(% pAREINE RS PESRASHIR Fe@RANGEE kentnepihe

invention,.consisting, of L-carnitine, 0.5% taurine, 0.2% sodium hyaluronate, 0.2% water-soluble
itam £ B BT T B e TR CAE S0l L BT 54T TRGADB! SOSIARCE 19

The left e which served as.the control eye, the baseline values of which were ng different from
%&&l‘s Gt %Ovﬁtha&%/g%yﬂﬂ'a@ﬁﬁéggid%asﬁd’ eVe-dRy- Wisptyiment

those of thé right eye (R), was treate
efficacy weadpielbnerbanieraalavscAnous Blle~ S0t UgBmERt I sskls ehiaed are
apoptosis in the stromal cells of keratoconus (Exp. Eye Res., 1999; 69 :
225-266;Cornea, 2000; 19 : S7-S12). Furthermore, an increase in the
10 levels of leukocytes commonly correlated to the LAR protein antigen
present in keratoconus but not in normal corneas can be seen (Exp.
Eye Res., 1999;68:283-293).
LAR is a transmembrane phosphotyrosine transferase capable of
stimulating apoptosis (Proc. Nati. Acad. Sci. USA, 1994:91:10868-
15 10872; J. Neurobiol., 2000;42:477-486). A third triggering mechanism
of apoptosis is that it is inhibited by TIMP-1 (J. Clin. Invest.,
1998;102:2002-2010; Blood, 1998;92:1342-1349) which in
keratoconus proves to be reduced, as has been reported previously.
In practice, given these statements, the phenomenon of apoptosis
20 could play an important role in the pathogenesis of keratoconus.
Sodium hyaluronate is a very well known compound used to
protect corneal epithelial cells, especially in patients with dry eye

syndrome or with Sjogren’s symndrome. The action of sodium

hyaluronate is due not only to its protective role of a mechanical type

]
h

exerted on the epithelial cells as a result of its viscoelasticity, in



Dry eye BUT test (sec) Pcl vs base-line M0.001 Pc vs Left eye (End of treatment) P<0.001 Base- line
End of treatment
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situations of reduced tear production, but also to the positive effects of
its particular biological function on corneal epithelial cells by
stimulating their migration (Exp. Eye Res., 1991;53:753-758).
Taurine (or 2-aminoethanesulphonic acid) is considered an
5 amino acid, even though it does not possess the characteristic
carboxyl group (COOH) but the SOzH group. Taurine is only present in
the animal realm, whereas vegetable foods do not possess this amino
acid.
Vitamin E is the main antioxidant of the cell membranes, and is
10 found in the human body in 4 forms consisting of a-tocopherol, f-
tocopherol, y-tocopherol and 8-tocopherol. Of these the o form is the
most frequent in the retina and in plasma and is the one with the
greatest antioxidant and free radical scavenging activity.

Vitamin A is essential for cell vitality, cytoskeletal organisation, it
regulates the expression of proteins of the extracellular matrix, cell
adhesion and wound repair (J. Cel.l Biochem., 2003; 89 : 837-847).
Vitamin A is also involved in the production of angiogenic {inactivation)
and anti-angiogenic (activation) factors in the endothelial cells (Exp.
Evyve Res., 2004; 78 : 945-955), Some of these, stromal derived factor 1
20 (SDF-1) are secreted under the effect of proinflammatory signals (IL-

1,TNF-a, bacteria and viruses) and, in cooperation with other factors,

are involved in the proliferation of the vascular endothelial cells. SDF-1
and its receptor CXCR4 have been found in human keratocytes (Mol.

Vis. , 2003;9:96-102}. Two other systems are also involved in corneal

|8
h

angiogenesis: vascular endothelial growth factor (VEGF) and fibroblast



Mild Right eye (R) 3.1=1.6 7.37-- 1.2 Lefteye (L)2.8 1.44.1 1.5

10

20
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growth factor b (b FGF). Anti-angiogenetic factors contrast these
cytokines as the pigment epithelium derived factor (PEDF) (Mol. Vis.,
2001, 7 : 154-163). IL-4 and TGF-B are also known to inhibit corneal
angiogenesis in vivo (Acta Ophthalmol. Scand., 2002;80:238-247).
Metalloproteases are able to intervene in the regulation of angiogenesis
with inhibitory or potentiating effects. In the absence of vitamin A, the
corneal epithelium becomes keratinised. Retinol and retinic acid
(Vitamin A}, which help to avoid the keratinisation of the corneal
epithelium, are supplied by the tears. Nuclear receptors with retinoids
are present in the epithelium and in the stroma.

Cytidine-5’-diphosphate choline (CDP-choline), commonly known
by the name of citicholine, is a precursor of phosphatidyl choline, the
main phospholipid of the cell membranes. Due to the effect of the
activation of certain lytic enzymes, the phospholipases, the catabolism
of the membrane phospholipids is accelerated and, if the resynthesis
mechanism is inadequate, toxic substances accumulate, such as the
ceramides, which can activate the metabolic pathways which lead to
cell apoptosis. A deterioration in the turn-over of the phospholipids
adversely affects the validity of the membrane protection systems and
puts cell function at risk.

The use of inorganic elements is well known in the medical field,
and a number of these are essential for the stability of the tear film
(Pescosolido 2000},

Previous uses of carnitine in the ophthalmological field are

already known.



Moderate R. 1.7=1.155 1.5P<0.001 P<0.001 L15 1.319=12 SevereR.1.0 1.04.6 1.7
P<0.001 /1/40.001

14

US Patent 5,037,851 describes the use of acetyl L-carnitine for
the treatment of cataract.

US 5,145,871 and 5,432,199 describe the use of acetyl D-
carnitine for the treatment of glaucoma.

5 US 5,883,127 describes the use of acetyl L-carnitine for the

treatment of maculopathy and macular degeneration.

Further uses of carnitine are also known.

In Res 1992;18(8):355-365 the use of L-carnitine in the
cardiological field is described.

10 US 5,543,556 describes the use of acyl L-carnitine esters with
gamma-hydroxybutyric acid for the inhibition of neuronal degeneration
and in the treatment of coma.

US 5811457 describes the use of propionyl L-carnitine for the
treatment of chronic obliterating arteriopathy.

15 None of the above-cited patents or publications describes or
suggests the use of L-carnitine or of alkanoyl L-carnitine for the
treatment of diseases of the cornea.

In the medical field there is still a strongly perceived need for the
availability of therapeutic agents or physiological supplement useful

20 for the treatment of the above-mentioned corneal diseases.

T

It has now been found that L-carnitine and/or one or more
alkanoyl L-carnitines, or one of their pharmaceutically acceptable
salts, are useful agents for the preparation of a physiological
supplement or medicament in the form of eye-drops for the treatment

25 of diseases of the cornea.



0.8 1.91.2=1.0 Each entry represents the mean standard deviation. 20 TABLE 2 Dry eye Rose
bengal test (score) Pc vs base-line PC
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What is meant by pharmaceutically acceptable salt of L-carnitine
is any salt of the latter with an acid that does not give rise to toxic or
side effects.

These acids are well known to pharmacologists and to experts in

5 pharmacy. Non-limiting examples of such salts are: chloride, bromide,
orotate, aspartate, acid aspartate, acid citrate, magnesium citrate,
phosphate, acid phosphate, fumarate and acid fumarate, magnesium
fumarate, lactate, maleate and acid maleate, oxalate, acid oxalate,
pamoate, acid pamoate, sulphate, acid sulphate, glucose phosphate,

10 tartrate and acid tartrate, glycerophosphate, mucate, magnesium
tartrate, 2-amino-ethanesulphonate, magnesium 2-amino-
ethanesulphonate, methanesulphonate, choline tartrate,
trichloroacetate, and trifluoroacetate.

What is meant by pharmaceutically acceptable salt of L-carnitine

15 is also a salt approved by the FDA and listed in the publication Int. J.
of Pharm. 33 (1986), 201-217, which is incorporated herein by way of a
reference.

One object of the present invention is the use of L-carnitine
and/or of one or more alkanoyl L-carnitines selected from the group

20 comsisting of acetyl, propionyl, valeryl, isovaleryl, butyryl and
isobutyryl L-carnitine, or one of their pharmaceutically acceptable
salts, for the preparation of an ophthalmic physiological supplement or
a medicament in the form of aeye-drops, for the treatment of corneal

diseases in which said corneal disease is selected from the group

| )
(o1

comprising, de-epithelialising diseases, dry eye syndrome; infective



Vs Left eye (end of treatment) Baseline End of treatment Mild P.3.7 1.92.5 1.2 P<0.001 P<0.01 L
35 1.7
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keratitis; acid or alkaline caustic damages; corneal abrasions and/or

injuries due to mechanical action or contact lenses; degenerative

disease of the corneal stroma such as acute or chronic keratocono,

stromal damages caused by refractive laser surgery; and dystrophic

5 diseases, impairment of the transparency of the surface of the cornea

caused by various types of infective keratitis (viral, bacterial and

fungal), or by injuries that damage the structure of the various

components constituting the cornea, such as, for instance, injuries of

a mechanical, post-surgical and post-laser-refractive surgery type

10 (such as, for example, haze); hereditary or degenerative diseases such
as chronic and acute keratoconus.

A further object of the present invention is a physiological

supplement or medicament for ophthalmic use, in the form of eye-

drops, comprising as the active ingredient L-carnitine, or one of its

—
N

pharmaceutically acceptable salts, in combination with humidifying
agents such as sodium hyaluronate; antioxidants such as vitamin E;
inorganic elements as components of enzymes present in the tear film
such as manganese; inorganic and organic elements such as sodium,
potassium and the amino acid taurine for the regulation of the cellular
20 osmolarity, and optionally ophthalmologically acceptable excipients
and/or diluents;
in which: 0

L-carnitine is present preferably at a dose of 0.3-3%, and most

preferably at a dose of 1%;



3.5 1.8 Moderate R4.72-2 3.1 2P<0.001P<0.01 L5 2.24.4 2 SevereP.59=2645 23
P<0.01

17

- taurine is present preferably at a dose of 0.1-4%, and most
preferably at a dose of 0.5%;

- sodium hyaluronate is present preferably at a dose of 0.05-
1.5%, and most preferably at a dose of 0.2%;

5 - vitamin E is present preferably at a dose of 0.05-1.0%, and

most preferably at a dose of 0,2%;

- manganese is present preferably at a dose of 0.01-0.1
mg/L, and most preferably at a dose of 0.051 mg/L;

- zinc is present preferably at a dose of 0.5-1.5 mg/mlL, and

10 most preferably at a dose of 1.02 mg/mL;

- sodium is present preferably at dose of 5-5000 mg/L, and
most preferably at a dose 6f 30 mg/L;

- potassium is present preferably at a dose of 1-1000 mg/L,
and most preferably at'a dose of 9 mg/L.

15 The eye-drops according to the present invention may
additionally contain further antioxidants such as, for example,
vitamin C, Borage oil; epithelialising and anti-angiogenic agents;
humidifying agents; inorganic elements; regulator of the cellular
osmolarity; antibiotics; antiviral and antifungal agents.

20 The following examples illustrate the invention.

EXAMPLE 1

A clinical trial was conducted in which 43 patients suffering from
dry eye syndrome were recruited.
The patients recruited were all women aged from 35 to 77 years

25 (mean age: 59.5 * 10.4 years), 33 of whom were suffering from



_PCO0.05 S6.1 2556 24 Each entry represents the mean standard deviation. TABLE 3
Moderate R5.3 6.47.2 43NSNS L56 6.67.0 55
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Sjogren’s syndrome, diagnosed on the basis of Fox et al’s criteria
(Arthrifis Rheurn, 1986; 29: 577-584; 1986).

Patients were selected on the basis of the BUT test, the Schirmer

test, the fluorescein test and the rose bengal test (Pescosolido 2000;
5 Arch. Ophthalmol., 1968;82: 10-14).

The BUT test had to yield results < 5 seconds, while the Schirmer
test did not contraindicate inclusion in the trial.

Damage to the surface of the eye was evaluated by means of the
rose bengal staining test and the fluorescein test. Damage in the rose

10 Bengal staining test was determined by reference to the van Bijsterveld
evaluation (Arch. Ophthalmol, 1969;82: 10-14), dividing the exposed
surface into 3 zones, with a score of 0 to 3 per zone.

For abnormality of the fluorescein test score both the affected
surface (Aj and the damage density (D) were evaluated, with a range

15 from 0 to 3 (low and high] on the basis of severity Jap. Clin.
Ophthamol.; 1994; 48: 183-188).

On the basis of the test score results, patients were divided into 3
subgroups, namely, those with mild dry eye (A1D1, A1D2, A2D1]},
those with moderate dry eye (A1D3, A2D2, A3DI1) and those with

20 severe dry eye (A2D3, A3DZ, A3D3).

The right eve (R) of patients was treated with the eye-drops
according to the invention, consisting of 1% L-carnitine, 0.5% taurine,
0.2% sodium hyaluronate, 0.2% water-soluble vitamin E, 1.02 mg/L

zinc, 0.051 mg/L manganese, 30 mg/lL sodium, and 9 mg/L

| )
[

potassium.



4)LiCOP.3.7 3.853 2.4 P<0.05Pe-0.05 34 4142 2.6 Each endv represents the mean
standard deviation.
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The left eye (L}, which served as the control eye, the baseline
values of which were no different from those of the right eye (R), was
treated with 0.2% hyaluronic-acid-based eye-drops.

Treatment efficacy was determined after 30 days, 4 hours after

5 the last treatment.

The results obtained are presented in Tables 1-3.

TABLE 1
Dry eye BUT test B< P
{sec) vs vs
Base- End of base-line Left eye
line treatment {(End of
treatment)
Mild Right  3.1+16 7.3x1.2 P<0.001 P<0.001
eye
(R)
Left 2.8+ 1.4 4.1=%1.5
eye
(L)
Moderate R 1.7+1.1 ) 5.5+1.5 P<0.001 P<0.001
L 1.5 1.3 1.9+ 1.2
Severe R 1.0£1.0] 4.6+1.7 P<0.001 P<(Q.001
L 0.8+ 1.2 1.2+ 1.0

Each entry represents the mean * standard deviation.




EXAMPLE 2 In this clinical trial the patient sample recruited consisted of 16 patients, 8 men and 8
women, ranging in age from 21 to 32 years (mean age: 25 4.2 years), who had been submitted to
refractive laser 5 surgery (PRK) in both eyes with myopia not exceeding 6 diopters. The right eye
(R) was treated for 3 months with the eye-drops acgprding to the present invention, while the left eye
(L), which served as a control, was treated with 0.2% hyaluronic-acid-based eye-drops. Both eyes
were treated with gntibiotic eye-drops for 5 days. A surface cordsonic was also administered in the left
eye 5 days after t n for 3 months. The efficacy of adequate re-epitheliaLisation after
PRK was evaluatddriyyeyneans of tﬁ;ornhoseobengﬂhwmrast sengitvity test. Biongeroscopy was
perfoirned with first vertical and then 15 horizgsatdight target orjentatigg, after 2, 3, 5yagd 7 days of
treatment, calculating the de-epitheliBisgéimarea. EhQ'dqre pumg@qﬁggvaluaii,ggg@y%otimal
result after PRK, denoting nolnial re-epitheLialisatippeapichsitgmal repaii-, the contrasiseisitivity test
was performed (Peseosolido N., Guida 20automobilist-Lea ed efficacia visiva] C Qk__%];)ngabian.
Ed., 2001; heripgiigy this Tefgsence Wilbe Teigired B as.PEST0s ngg “8%11) vmruﬂ of an
object or image cannot be limited to mlmlmum Se para le perceptlon ?\?isual a,U|ty)#<§ portant
parameter evaluated was the;con rolgl %u L"i ct: Iu_aLu S-parameter-the-perception-threshold
was measured for a whole range of Objects 0 varlou’s Siz 1 increasingly reduced contrasts The
resulting “"ssmem was-th hespat ) (Pescosolido 2001).
For this fun
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TABLE 3
Dry eye Schirmer test B< BP<
{mm) vs Vs
Baseline End of baseline Left eye
treat-ment {end of
treatment)
Mild R 11.5211.4 12.2 5.1 NS NS
L | 11.32100 | 112290
Moderate | R 5.8 6.4 7.2 %43 NS NS
L 5.6 6.6 7.0z 5.5
Severe R 3.7+ 3.8 5.3x2.4 P<(.05 P<Q.05
L 3.4 +4.1 4.2+2.6

Each enfry represents the mean = standard deviation.



20 after PRK. The right eye (R) was treated with the eye-drops according to the present invention
mentioned in example 1 (2 drops, 4 times daily), while the left eye, which served as a control, was
treated with 0.2% hyaiuronic-acid-based eye-drops and surface cortisonic after postoperative day 5
(the latter only for the first 3 months, 3 times daily). nfl  Single-dose antibiotic eye-drops was
instilled in both eyes 4 times daily and a hydrogel contict lens was applied to both eyes after PRI( for
the first 5 days postoperatively.  Two days after the operation (PRK) the patients treated with the
eye-drops accordBXi@n®emesent invention presented a deenithelialisation area of 6.0 mm2 6.8 mm,
whereas in the control eyes the de-epithelialisation area measured 8,4 rrim2 9.2 mm After 3 days
complete re-epithétialisasoriinithe trediedRyepuwasy Yean glRanstA el heraataheyes.dfter 5
days complete re- 10epithelialisation was 100% as against 90% in the control eyes. After 7 days
re-epitheliatieation wasgl Gfkrinzinth Byesomdrvaltatiehnef the wariatienin contrast after 6 months’
treatment in the eyes treated with the eye-drops according to the present invention (R) compared to
the control yesafh )agpowed & #58tatestics)ly wipniffitadt Hiteteso®rhihe ¢dsulisreptainedaiggpresented
in Table 4. TABLE 4 Time Eye examined Contrast 1%) PC vs L

5 surgery (PRK) in both eyes with myopia not exceeding 6 diopters.

The right eye (R) was treated for 3 months with the eye-drops
according to the present invention, while the left eye (L), which served
as a control, was treated with 0.2% hyaluronic-acid-based eye-drops.
Both eyes were treated with antibiotic eye-drops for 5 days. A surface

10 cortisonic was also administered in the left eye 5 days after the
operation for 3 months.

The efficacy of adequate re-epithelialisation after PRK was
evaluated by means of biomicroscopy and the contrast sensitivity test.

Biomicroscopy was performed with first vertical and then

15  horizontal light target orientation, after 2, 3, 5 and 7 days of

treatment, calculating the de-epithelialisation area.

For the purposes of evaluating the optimal result after PRK,

- denoting mnormal re-epithelialisation and stromal repair, the

contrast sensitivity test was performed (Pescosolido N. Guida

20 automobilistica ed efficacia visiva; Canelli (AT), Fabiano Ed., 2001;
herinafter this reference will be referred to as Pescosolido 2001).

Since the vision of an object or image cannot be limited to

mimimum separable perception (visual acuity), one important

parameter evaluated was the contrast of the object. To study this

1>
h

parameter, the perception threshold was measured for a whole



Baseline 96 2 NS 96 2 After 6 months 90 3 P<0.001 786 Each entry represents the mean
standard deviation.

22

range of objects of various sizes with increasingly reduced

contrasts. The resulting assessment was the spatial contrast

sensitivity function (spatial CSF) (Pescosolido 2001). For this

function, test images were mainly used consisting of stripes with a

5 sinusoidal luminance profile. These bars, élternating dark and

light, were defined by their spatial frequency [cycles per degree

(CPD) or number of pairs of stripes (black/white) per degree of

visual angle] and by their contrast. The inverse of contrast (C) was

contrast sensitivity (S) (S=1/C). Contrast is often expressed in

10 terms of percentages, 98% being very high, and 3% very low
(Pescosolido 2001).

The contrast sensitivity test was performed using the Optec

6500 vision tester capable of receiving ETDRS and FACT test scores

and software for the management and analysis of contrast

15 sensitivity data. The system was capable of simulating the way in

which the patient actually saw things. Moreover, it was capable of

comparing patient simulations with standard representations. The

examination was performed first after 10 days and then at 3 and 6

months postoperatively. Patients started treatment immediately

20 after PRK. The right eye (R) was treated with the eye-drops

according to the present invention mentioned in example 1 (2

drops, 4 times daily), while the left eye, which served as a control,

was treated with 0.2% hyaluronic-acid-based eye-drops and surface

cortisonic after postoperative day 5 (the latter only for the first 3

| o]
W

months, 3 times daily).



L-carnitine and its allcanoyl derivatives are known compounds, 20 the preparation process for which is
described in US 4,254,053. 24  The physiological supplement or medicament according to the
present invention may be bought with or without medical prescription.  The physiological
supplement or medicament according to the present invention are composed of active ingredients
which are familiar to operators in the medical field an@%lready in use in clinical practice, and their
pharrnacotoxicological profiles are known.  Their procurement therefore is very easy, inasmuch as

these are products wHiglbhavedwen A e farketnandps adeny tineiaed afe o ecaragdessuitable for
human or animal administration. 10In the following are reported non limiting examples of composition

according to therpeaseti inyentieon. Everdrepe] - togaratinadis TeasineBeel Losastit yaluronate
0.2%; vitamin E 0,29/0; manganese 0.051 mg/L; zinc 1.02 mg/mL; sodium 30 mg/L; 20potassium 9
mg/L; Sodium afestoRRKO0B2 thginfilrst 5 days postoperatively.
Two days after the operation (PRK) the patients treated with
5 the eye-drops according to the present invention presented a de-
epithelialisation area of 6.0 mm= = 6.8 mm, whereas in the control
eyes the de-epithelialisation area measured 8.4 mm?2? = 9.2 mm.
After 3 days complete re-epithelialisation in the treated eyes was
77% as against 61% in the control eyes. After 5 days complete re-
10 epithelialisation was 100% as against 90% in the control eyes. After
7 days re-epithelialisation was 100% in both eyes.
Evaluation of the variation in contrast after 6 months’
treatment in the eyes treated with the eye-drops according to the
present invention (R) compared to the control eyes (L) showed a

15 statistically significant difference.

The results obtained are presented in Table 4,

TABLE 4
Time Evye Contrast bB<
examined (%) vs L
Baseline R 06 =2 NS
L 96+ 2
After 6 months R G0 +£3 P<0.001
L 78 + 6

Each entry represents the mean + standard deviation.
L-carnitine and its alkanoyl derivatives are known compounds,

20 the preparation process for which is described in US 4,254,053.



Demineraiized water; Volume 5 mL/vials. 25MCSLLP CLAIMS 1.A physiological supplement or
medicament for ophthalmic use, in the limn of eye-drops, comprising 5-L-carnitine; taurine; sodium
hyaluronate; vitamin E; manganese; 10zinc; sodium; potassium. 2.A physiological supplement or

medicament for ophthalmic use, in 15the foini of eye-drops, comprising: L-carnitine in a range of
about 0.3-3 %; 24

The physiological supplement or medicament according to the
present invention may be bought with or without medical prescription.

The physiological supplement or medicament according to the
present invention are composed of active ingredients which are familiar

5 to operators in the medical field and already in use in clinical practice,
and their pharmacotoxicological profiles are known.

Their procurement therefore is very easy, inasmuch as these are
products which have been on the market now for a long time and are
of a grade suitable for human or animal administration.

10 In the following are reported mnon limiting examples of
composition according to the present invention.

Eve-drons

1

L-carnitine 1%;
- Taurine 0.5%;
15 - sodium hyaluronate 0.2%;
- vitamin E 0,2%;
- manganese 0.051 mg/L;
- zinc 1.02 mg/ml,;
- sodium 30 mg/L;
20 - potassium 9 mg/L;
- Sodium mertiolate 0.02 mg/mL;
- Demineralized water;

- Volume 5 mL/vials.



Taurine in a range of about 0.1-4.0 %; sodium hyaluronate in a range of about 0.05-1.5%; vitamin E in
a range of about 0.05-1.0 %; 20manganese in a range of about 0.01-0 Img/L; zinc in a range of about
0.5-1 5 mg/mL; sodium in a range of about 5-5,000 mg/L; potassium in a range of about 1-1,000 mg/L.
25 3.The physiological supplement or medicament@f claim 1 or 2; wherein the eye-dsops optionally
further comprise one or more ophthalmologically acceptable excipients or diluents or mixture thereof.
MC S IL P 26 4. The physiological supplement gf gagigament of claim 1 or 2, for use for the treatment
of corneal disease. 5. The physiological supplement or medicament according to claim 4, 5wherein the
use is for the treatment of corneal disease selected from the group comprising de-epithelialsing

diseases, firy ey SjuiRctyaamtiisiecH pradelingsausts daspaassisenicababiasions
and/or injul?'ies; dﬁe';éﬁ raQ\i/Segd?seasYeﬁ%ﬁhe corneal stroma; stromal damages caused by refractive
laser surgeny; 10dysfeophicidiseadegpmdo@apRFiAEE of the transparaency of the surface of the

corn%a. - [-carnitine;
- taurine;
- sodium hyaluronate;
- vitamin E;
- manganese;
10 - zine;
- sodium;

- potassium.

2. A physiological supplement or medicament for ophthalmic use. in
15 the form of eye-drops, comprising:
- L-carnitine in a range of about 0.3-3 %;
- Taurine in a range of about 0.1-4.0 %;
- sodium hyaluronate in a range of about 0.05-1.5 %;
- vitamin E in a range of about 0.05-1.0 %; |
20 - manganese in a range of about 0.01-0.1mg/L;
- zinc in a range of about 0.5-1.5 mg/mL;
- sodium in a range of about 5-5,000 mg/L;

- potassium in a range of about 1-1,000 mg/L.

25 3. The physiological supplement or medicament of claim 1 or 2;
wherein the eye-drops optionally further comprise one or more

ophthalmologically acceptable excipients or diluents or mixture
thereof.



6. The physiological supplement or medicament according to claim 5, wherein the corneal abrasions
and/or injuries are due to mechanical 15action or contact lenses. 7. The physiological supplement or
medicament according to claim 5, wherein the degenerative disease of the corneal stroma is chronic
and acute keratoconus. 20 8. The physiological supplement or medicament accordinMQ@%Wm 5,
wherein the impairment of the transparency of the 8arface of the cornea is due to infective keratitis,
injuries and damages of the structure of the various components constituting the cornea; 25hereditary
or degenetfative dibeasbystolbigicphysigppdicacsipptemedicmedicaimdainrdordiiy toclsise 8;
wherein the infecit(i)vet er titigtirsngﬂ% '(t)q;\(/:i(r)%lneb?a%ct 1ggl g%fungal agents; the injuries and damages of the
structure of the various r7ecomponen s constituting e cornea due to mechanical, postsurgical or
post-laser-refractive surgery; the hereditary Or degenerative diseases is chronic and acute

keratoconys. 5 The.physiological supplement or medicament accordin claim 9; wherein the
post-surgi%;al or po%?.@%? réé’#%\%%\?g ssl}’}%%r%: lalaerﬁgg%rs %%‘Z{z%l.nffpf h%cﬁh%é?orféﬁ:oalcsiaﬁrae%ﬁent or
medidament accorting:tn ¢claend Afdithéheotmpaisingrentid xidents lvilésnis€ ;Biratyedoftom

e T L el B MR
infective keratitis; acid or alkaline caustic damages; corneal
abrasions and/or injuries; degenerative disease of the corneal
stroma; stromal damages caused by refractive laser surgeny;

10 dystrophic diseases and impairment of the transparaency of the

surface of the cornea.

6. The physiological supplement or medicament according to claim 5,
wherein the corneal abrasions and/or injuries are due to mechanical

15 action or contact lenses.

7. The physiological supplement or medicament according to claim 5,
wherein the degenerative disease of the corneal stroma is chronic

and acute keratoconus.

20
8. The physiological supplement or medicament according to claim 5,
wherein the impairment of the transparency of the surface of the
cornea is due to infective keratitis, injuries and damages of the
structure of the various components constituting the cornea;
25 hereditary or degenerative diseases.

9. The physiological supplement or medicament according to claim 8;
wherein the infective keratitis is due to viral, bacterial or fungal

agents; the injuries and damages of the structure of the various



10

10.

11.

MCSLLF

27
components constituting the cornea due to mechanical, post-
surgical or post-laser-refractive surgery; the hereditary or

degenerative diseases is chronic and acute keratoconus.

The physiological supplement or medicament according to claim 9;
wherein the post-surgical or post-laser-refractive surgery damages is

haze.

The physiological supplement or medicament according to claim 4
further comprising antioxidants; vitamin C; Borage oil;
epithelialising and anti-angiogenic agents; humidifying agents;
inorganic elements; regulator of the cellular osmolarity; antibiotics;

antiviral and antifungal agents.





