
The invention provides novel pharmaceutical compositions for the treatment of 
keratoconjunctivitis sicca comprising liquid vehicles which include one or more 
semifluorinated alkanes. The compositions incorporate an active ingredient selected 
from the group of macrolide immunosuppressants. They can be administered topically 

into the eye. The invention further provides kits comprising such compositions. 



1. A pharmacciilical composition comprisini',: 

[a] a IhcrapcLilically effective amount of an active ingredient seU^ctfKl froiii 

tiic group of macrolide immunosuppressants useful in the prevention or 

therapy of keratoconjunctivitis sicca or a symptom associated ihercvvilh, anti 

[b] a liquid vehicle comprising a semifluorinated alkane. 

2. The composition of claim 1, wherein the active ingredient exhibits a water 

solubility of less than about 1 mg per ml, as measured at room temperature and 

neutral p l i . 

?s. The composition of claim 2, wherein the active ingredient is ciclosporin A. 

4. The composition of claim ;•!, whei-ein the concentration of ciclosporin A is ironi 

about 0.01 wt. 'Ko to about O.S wt. %. 

5. The composition of any preceding claim, wherein the semifluorinatcd alkane is 

a compound of formula 

RFRll 

or of formula 

RFRHRF 

wherein RF is a pcrfluorinated hydrocarbon segment with 20 or less carbon 

atoms, and 

wherein Rll is a non-fluorinated hydrocarbon segment wi th 3 to 20 carbon 

atoms. 

6. The composition of claim .S, wherein the semifluorinated alkane^ is a compound 

of formula 

RFRU 

wherein RF is a linear pcrfluorinated hydrocarbon segment wit l i '\ to 10 carbon 

atoms, and 

wheixMn Rll is a linear alkyl grou[) with '?> to f 0 carbon atoms. 

7. The composition of claim 6, wherein the semifluorinated alkant; is selected from 

F4H.'"),F4II6, F6H6andF6l l8 . 



8. The composition of any pi-eccding claim, being formulated as a solution. 

'). The composition ofany pi'CM:eding claim, being sul)slantially (ree ot walei'. 

10. The composition ofany preceding claim, furthei' comprising an organic 

cosolvent. 

11. The composition of claim 10, wherein the organic cosolvent is ethanol. 

12. The composition of claim 11, comprising ethanol at a concentration of aliOLil 1 

w\.~% or less. 

13. The use of a pharmaceutical composition ofany preceding claim for the 

prevention or therapy of keratoconjunctivitis sicca or a symptom associated 

therewith. 

14. The use of claim 13, wherein the composition is ada()ted for topical 

administration to the eye of a patienl. 

15. A pharmaceutical kit comprising the composition ofany of claims 1 to 1Z and a 

container holding the composition, wherein the container has a dispensing 

moans adapted for topically administering the composition to the eye of a 

patient. 



TITIH: PHARMACI'IITICAI, COMPOSITION FOR IRI-ATIMKNT OF DRY FYF 
SYNDROM K 

Description 

BACKGROUND 

KeraloconJLinclivitis sicca, also known as dry eye disease or dystunctional tear 

syndrome, is today understood as a multifunctional disorder of the tear film and of 

the ocular surface which results in discomfort, visual disturbance, and often even in 

ocular suiiace ilaniaj^e caused by (ear film instability, lis prevalence differs widely by 

regions and is estimated to range from about 7.4% in the USA to about '.VA% in japan 

(J. I,. Gayton, Clinical Ophthalmology 2009:3, 405-412]. According to another 

estimate, approximately 3.2 million women and l.OS million men suffer from 

keratoconjunctivitis sicca in the USA alone. If symptomatically mild cases are also 

considered, Ihei'o coLild be as many as 20 million affected [)eople in the USA. 

The main physiological function of the tear film is the lubrication of the ocular 

surface and the inner eyelid. In addition, it supplies the oculai" surface with the 

nutrients which it requires, provides a smooth and regular optical surface for the oyc. 

Moreover, it protects the ocular surface against pathog(;ns by vai'ious mechanisms, 

including mechanical I'emoval of foreign pailicles but also through antimicr()l)ial 

substances which it contains. 

The tear film is composed of a mucous component, an aqueous component, .MMI 

a lipid component. The inner layer of the film is the mucous layer oi- componcnl, 

which is bound to th(? ocular epithelium via the interaction of mucin molecules which 

are produced by conjunctival goblet cells and by stratified squameous cells of the 

conjunctiva and the cornea. The lubricating effect of the tear film is substantially 

based on the mucous layer and its composition. 

On top of the mucous layer is the aqueous layei' which is produced by the main 

and accessory lacrimal glands. Its primary function is to hydrate the nnicous 

component and contribute to the transport of nutrients, electrolytes, antibacterial 

com[)ounds, and oxygen to the ocular surface. The aqueous component contains 



water, electrolytes, lysozyme, lactoferrin, immunoglobulins (in particular IgA], 

i-etinol, hepatocyle growth factor, epidermal growth factor as its important 

constituents. 

The lipid laycM" which covei's the aqueous layer is pi-oduced by the tarsal glands 

which are positioned at the tarsal plates oFthc eyelids, and to some degree also by the 

glands of Zeis which open into the eyelash follicles. Its functions include the 

enhancement of the spreading of the tear fi lm, decrease of water loss from the 

a(jue(nis layei' by reducing evaporation, and preventing tear film contamination. 

It is today acknowlcdg(>d that keratoconjunctivitis sicca is a complex, 

multifunctional disorders involving several interacting |)athophysiological 

mechanisms which are only beginning to be understood [ I I . 1). Perry, Am. j . Man. (^are 

13:3, S79-S87, 200!5). The two mechanisms that are being discussed as [)iv()lal in the 

etiology of the disease and which also appeal' to rc^inforcf; each other mutually are 

tear hyperosmolarity and tear film instability. Ilyperosmolai" tear l luid can result 

from excessive t(-ar film evaporation or reduced acjueous flow. It activates an 

inflammatory cascade and causes the release of inflammatory mediators into the tear 

fluid, with multiple pathophysiological effects eventually leading to increas(Hl tear 

film evaporation and tear film instability. Thu.s, tear film instability can be a 

consequence of hyperosmolarity. Alternatively, it can develop as the original 

etiological pathway, e.g. via abnormalities of the lipid layer composition, such as in 

tarsal gland disease). 

Once keratoconjunctivitis sicca has become manifest, inflammation is one ol the 

key processes that maintain and potentially progress the disease. f)ependingon the 

severity of the condition, patients often develop a reversible squameous metaphase 

and punctate erosions of the ocular epithelium. Secondary iliseasc^s whos(> 

development may be triggered by keratoconjunctivitis sicca include filamentary 

keratitis, microbial keratitis, corneal neovascularisation, and ocular surface 

kcratinisation. 

Two major categories of keratoconjunctivitis sicca or dry eye disease (Df.!)) are 

distinguished today, which are aqueous-deficient DHI) and evaporative Dlil). Within 
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the class of aqueoiis-doficienl forms of 01';]), two major subtypes are differentiated, 

Sjogren and non Sjogren. Sjogren syndrome patients suffei- from autoimmune 

disorders in which the lacrimal glands ai'e invaded by activated T-C(;lls, which h^ads 

not only to keratoconjunctivitis sicca but also l:o a dry mouth condition. The Sjogren 

.syndrome can be a primary disease or result from othei- autoimmune diseases such 

as systemic lupus erythrematosus or rheumaVhroid aiMhritis. Non-Sj()gren [latients 

suffering from an aqueous-deficient Df'.j) usually have a lacrimal gland insufficiency, 

lacrimal duct obstruction or reflex hyposecretion. TIK> S(M:ond inajoi- class, 

evaporative Dl']!), is also somewhat heterogeneous and can develop as a result of 

diverse root causes. One of the major causes is meibomian gland disease, eyelid 

aperture disorders, blink disorders [as in Pai'kinson disease] or ocular surface 

disorders [as in allergic conjunctivitis]. 

Among the many lisk factors for keratoconjunctivitis sicca that are known 

today; .sojTie of the best studied ones arc advanced age and female sex. It appears that 

in particular postmenopausal women have a reduced tear production, probably 

related to hormonal effects which are not very well understood as yet. Further lisk 

factors include diets with low omega-^-J-fatty acids, occupational factors [e.g. 

associated with reduced blink frequency), environmental conditions, contact lens 

wearing, certain systemic [anticholinergics, beta-blockers, isotretinoii\, interferons, 

hormones) and ophthalmic medications [any frequently administered eye dro|)s 

including artificial tears; especially formulations comprising preservatives), and a 

number of primary diseases such as Pai'kinson disease, hepatitis C, IliV infection, and 

diabetes mellitLis. 

The management of keratoconjunctivitis sicca relies on both non-

pharmacological and pharmacological approaches and the therapeutic options 

depend significantly on the severity of the disease state [M. A. I.emp, Am. j . Man. Car(̂  

14:3, S88-S1()1, 2008). Non-pharmacological approaches may be used initially when 

only mild .symptoms occur, or as palliative measures to suppoiM medical 

interventions. They include the avoidance of exacerbating factors such as dry aii-, 

wind and drafts, tobacco smoke, modification of working habits; eye lid hygiene; tear 



.supplementation, and physical tear retention by punclal plugs or therapeutic coiU.ict 

l(!nscs. 

The mainstay of non-pharmacological \)V.\) treatment is ihe use olartiticial tears 

for tear substitution. Most of the available products are designed as lubricants. In 

addition, they may function as carriers for nutrients and electrolytes [importantly, 

potassium and bicarbonate), and some products attempt to correct physical 

parameters such as an incrtiased osmolarity in certain forms of DFD. The major 

functional component of ai^tificial tear compositions is an agent which increases or 

adjusts the viscosity and which at the same time exhibits lubricant functionality. 

Common compounds used for this purpose include carboxymethylcellulose and its 

sodium salt (CMC, carmellose), polyvinyl alcohol, hydroxypropyl mcthylcellulose 

(IIPMC;, hypromellose], hyaluronic acid and its sodium salt, and hydroxypropyl giiai^ 

gum. !lowev(!r, com|-)()sitions with a relatively high viscosity, and in particLikir g(>l 

type formulations, have a tendency to cause visual blurring. 

Some artificial tears comprise lipids to substitute for the lipid component of the 

natural tear film. Unfortunately, the commonly used lipids are physically and 

biochemically poorly related to native lipid compositions: they are based on castor oil 

or even mineral oil. It is intended to thei'eby decrease the rate of tear fluid 

evaporation. The same effect may perhaps also be achieved by hydi'ocolloids whicii 

(exhibit some degree of bioadhcstveness, such as hydroxypropyl guar gum or 

hyaluronic acid. 

Al least in eai'lier years, multi dose formulations for ophthalmic adminislralioii 

had to be preserved using a physiologically acceptable preservative in order to 

reduce the risk of microbial contamination and infection. Most preservatives are 

however problematic for ni':i) patients in that Uiey have a polential to neg^alively 

affect the oculai" surface, thus counteracting the thcrap(!ulic intent. As an alt(M-nalivc, 

single-dose containers for the administration of non |)i-(\s(M-ved formulations w(M-e 

developed. These are however less convenient to handle than the conventional multi-

dose bottles. 
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For moderate to severe forms of keratoconjunctivitis sicca, non-

pharmacological approaches are not normally sufficient to manage the symptoms 

afliM|uately. However, (here are pi'esently nol many pharmacological UuM-apies 

available which have proven to be effective and/or which have been authorised by 

the regulatory agencies. 

Cholinergic agents such as muscarinic acetylcholine receptor antagonists may 

be used in aqueous deficient patient as secretagogues to stimulate t(!ar production. 

An agent ihal. has \wc.n U'sled successfully in s(!vcral clinical studies with Sjogren 

syndrome patients is pilocarpine. The drug given orally at doses of .S to 7..S mg Qll) 

[hemp, ditto.] significantly improved DfM) symptoms. However, the product has not 

been approved by any major regulatory agencies for the use in keratoconjunctivitis 

sicca, neither as an oral formulation nor in the foi-m of eye drops as lh(>y arc availabh-

for the treatment of glaucoma. 

Cevimelinc is another para.sympathomimctic drug and muscarinic agonist. It 

acts pai'ticularly on muscarinic W\3 receptors, it is available in a few count ries as an 

oral formulation and used in the treatment of di"y mouth associated with Sjogren's 

syndrome. Clinical studies indicate that it is also effective in the management of 

.symptoms associated with keratoconjunctivitis sicca of the Sjogren type, for which il 

is being used off-label like pilocarpine. 

Anti-inflammatory agents may be used to intei'vene in the viscous circle of 

symptoms causing inflammatory response which in turn increase symptom stn'crity. 

The rationale of using such agents is not restricted to aqu(;ous deficient or even 

Sjogren syndrome patients. I?oth topical corlicostei'oids and to[)ical non-steroidal 

anti-inflammatory [NSAID] compounds have been proposed as treatment options. 

From th(! clinical studies that have been conducted so far [I.emp, ditto.] it 

appears that corticosteroids such as loteprednol etabonate and prednisolone acetate 

arc more effective in the control of several \)V.\) symptoms than NSAIDs such as 

diclofenac and ketorolac. However, they are generally recommended only for short 

term use. In the long term, they may cause or support the development of oculai-

infcction.s, glaucoma, and cataracts. Both loteprednol etabonate and prednisolont-
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acetate are poorly waler-soluble and thus formulated as a suspension, which may be 

considei'ed a disadvantage in view of the symptoms of keratoconjunctivitis sicca. 

Moi^eover, clinical studies with, and the off-label use of, oral leti-acycliiies such 

as doxycyclin, minocycline and oxytelracycline foi-keratoconjunclivitis sicca have 

been reported (I.emp, ditto.], it is assumed that they are not primari ly effective on lh(> 

basis of their antibacterial properties, but due to their anti-inflammatory activity. 

At least in the USA, the major pharmacological trealineni o[)tion for nio(l(M-ale lo 

si!vere keratoconjunctivitis sicca is ciclosporin {\.i\ ciclosporin A, also known as 

cyclosporinc A), which is an approved medicine in the foi'm of an ophthalmic 

emulsion (Rcstasis') for increasing "...tear production in patients whose tear 

production is presumed to be suppressed due to ocular inflammation associated with 

keratoconjunctivitis sicca." [Restasis prescribing information). According to the 

evidence that is available, topical ciclosporin is probably disease tnodifying rather 

than only palliative. It acts as an antagonist in various inllammatory |)rocesses and 

cascades. l''or example, it reduces conjunctival interleukin-6 (IL-6) levels, d(-cr(-ases 

activated lymphocytes in the conjunctiva, suppresses other conjunctival 

inflammatory and apoptotic markers, and increases the number of goblet ccHls in the 

conjunctiva [hemp, ditto.). 

Ciclosporin (Ili i 'AC name: {l^r\-^^,]7,26:^2 tctrabutyMvethyl-H"(l-hydroxy :'. 

methylhex-4-enyl) ••1,:^,9,12,l.S,18,20,2:^,27-nonamethyl-11,29Hli|)ropyl-

1,3,6,9,12,l.S,lB,21,24,27,30- undccaazacyclodotriaconlan-

2,4,7,l(),13,16,19,22,2S,28,31-undccaone; Cfizl l i i iNnOiy; MW1202.61) is a cyclic 

nonribosomal [)eptide of 11 amino acids, originally discovered as a product of the 

fungus Heauvt}ria nivea. It is an immunosLip|)ressanl drug, widely used in post-

allergenic organ transplant to reduce the activity of the patient's innnunc^ system and, 

•SO, the risk of organ rejection. 

(aclosporin is thought to bind to the cytosolic protcMn cyclophilin 

(immunophilin) of immunocom[)etenl lymphocytes, especially 'I'-lymphocytes. This 

complex of ciclosporin and cyclophilin inhibits calcineurin, which, undei- normal 

circumstances, is responsible for activating the transci'iption of interleukin 2. It also 
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inhibits lymphokine production and intcrleukin release and, therefore, leads to a 

reduced function of effector T-cells. 

Olhor ininiunnsupiirossanl druj;s wilh similar aclivily include lan'olinuis, 

pimeci-oiiinus, ev(M-olimus, sirolimus, deforoiimus, tcmsirolimus, and /.otarolinuis, 

abetinuis, gusperimus, and mycophenohc acid. F5ased on phai-macological 

considerations, it is presumed that these compounds would also be beneficial in ihc 

management of diseases or symptoms which are controlled by ciclosporin, such <is 

dry eye disease or keratoconjunctivitis sicca. 

Macrolide immunosup[)ressants such as ciclosporin, tacrolimus, sirolimus, 

evcrolimus and the like, while being highly active once they havc> been effect ively 

dchvercd into the organism or to the target tissue, are challenging compounds to 

formulate and deliver to the site of action, in particular due to their extremely poor 

solubility and relat ively large molecular si/e. for systemic I hera|)y via t lie oral or 

intravenous routes of administration, they are typically [)resented as solubiiiseci 

formulations com|irising substantial amounts of solubilising exci|)ients, such as 

surfactants and organic solvents. 

The ophthalmic product, Restasis, which comprises ciclosporin at a 

concentration of O.OS %, is formulated as a sterile, preservative-free oiMn-vvater 

[o/w) emulsion. The formulation is white opaque to slightly translucent prescMited ui 

single-use I,DIM-: vials filled with 0.4 ml. liquid. As inactive iiig,redienls, it contains 

glycerine, castor oil, poly.sorbate 80, carbomer 13A2, [jurilled water and sodium 

hydroxide to adjust the pH to 6..̂  to 8.0. The active ingredient is dissolved in the 

dispersed oily phase of the emulsion consisting of castor oil. It is assum(Kl that the 

amphiphilic polysorl)ate 80 and probably also the carbomer act as stabilisers ol tlu^ 

emulsion. The major adverse effects of Restasis include ocular burning and stmging, 

occurring in a phase III trial at a frequency of 14.7 % and 3.4 % , respectively. Othei-

events I'eported in 1 to .S % of th(> paticMils include conjunctival hypi-iaemia, 

discharge, epiphora, eye pain, foreign body sensation, [)riuilus, and visual 

disturbance which is typically blurring [Restasis Prescribing hiformalion). 
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Other ophthalmic formulations of ciclosporin are l<nown from US !),411,91)2 and 

US 4,839,342. The latter discloses a 2 % solution of ciclosporin in olive oil, whereas 

US S,411,9S2 also describes solutions of ciclosporin in corn oil. 

One of the disadvantages of all oil-based formulations for ophthalmic 

administration is that inherently have a negative impact on vision. Whether used as 

oily solutions or oil-in-watcr cmulsion.s, they exhibit a refractive index which diflers 

substantially from that of physiological tear fluid, which leads to visual disturbances 

and blm^ring. 

Moreover, oil-based formulations do not readily mix with tc^ar fluid lo form a 

homogenous licpiid phase. Oily solutions are allogclhc>r immiscible wiUi ihe acjiieons 

tear fluid, and the exact fate of an emulsion mixed with tear fluid in a physiological 

setting is not completely predictable. 

Oil-in-water emulsions of poorly water-soluble drugs like ciclospoiin further 

exhibit the disadvantage that they have a limited drug load capacity. While the active 

ingredient may have .some solubility in the oil phase, this phase is only dispersed in 

the coherent aqueous phase of the emulsion so that the maximum overall diaig 

concentration in the formulation is very limited. 

In contrast lo single phase systems such as aqueous or oily soliilions, oil in 

walei- emulsions are also more complex and difficult to manulactui-e, especially in 

sterile form. iM-equently, emulsions are not readily slerilisable by thermal trealmtMit 

without negative impact on the physical properties of the emulsion. On the other 

hand, aseptic pi'ocessing is complex, costly, and is ass(K;ialed with hig,hei- risks of 

failure, i.e. microbial contamination of the product. 

Fui'thermore, oil-in-water emulsions ai-e like aqueous solutions prone to 

microbial contamination during use. If they were to be presented in multi-dose 

containers which arc in principle more cost-efficient and convenient for patients than 

single-use vials, thc^y would have to be pres(Mved in order to ensui-e theii-

microbiological quality. Al the same lime, pi'eservatives which can be used in 

ophthalmic formulations are potentially damaging to the eye, in particular to the 

ocular surface, and should be avoided in the context of dry eye disease. 



w o 200S/12303S discloses hydrophobic compositions which may be useful iis 

ophthalmic drug formulations. The compositions may be used to treat various 

ophthalmic diseases and conditions including dry ey(> syndrome and may comprise a 

therapeutic agent selected from various different therapeutic categories such as 

antibiotics, antimicrobials, antifungal agents, antiviral agents, antiparasitic agents, 

antiallergic agents, anti-inflammatory agents, alkylating agents, beta-blockers, 

cholinergic agents, vasoconstrictors, pupil size management agents, glaucoma agents, 

macular degeneration agents, and agents to arrest the development of cataracts. The 

hydrophobicity of the composition is achieved by selecting a hydrophobic lic|uid 

vehicle, selected in particular from silicon polymers, fluorinaled silicon polymers, 

pcrfliiorocarbons, lluorinated alcohols, and perfluoi'inated polyethei"S, and niixlin'cs 

thereof. However, the only specific composition disclosed in the document docs not 

incorporate an active ingredient, but is merely a vehicle consisting of a mixtiue of two 

silicon polymers, namely dimethicone and cyclomcthicone, which have been 

combined so as to yield a viscosity of about 8,000 centistokes. 

US 6,262,126 discloses semifluorinated alkancs and theii^ preparation, ,ind 

proposes their use as vehicles in ophthalmic preparations. However, it does not 

disclose; any specific compositions comprising a semifluorinated alkane and an 

incorporated active ingredient. Neither does it mention the treatment of di-y eye 

.syndrome or the incorporation oi a macrolide immunosu[)pressant. It is also silent 

al)()ut ophthalmic vijhicles comprising mixtures of scmilluorinaled alkanes and 

co.solvents. 

It is there an object of the present invention to provide a novel pharmaceutical 

composition which is useful in the treatment of keratoconjunctivitis sicca, and which 

at the same time address(\s these issues and overcomes at least one of the limitations 

or disadvantages associated with piMorart formulations. In a specific aspect, it is an 

object of the invention to provide an ophthalmic composition which has the capacity 

to incorporate substantial amounts of poorly water-soluble drug substances useful in 

the management of keratoconjunctivitis sicca. In a further aspect, it is an object of the 

invention to provide a phai'maceutical kit comprising a composition for the trc^aliiKMil 

of keratoconjunctivitis sicca which does not (exhibit one or more of the disadvantages 



of prior art. l-'urlhcr objects of the invention will liecomc clear on the basis of the 

following descripUon, examples, and patent claims. 

SUMMARY OF THK INVI-INTION 

The present invention provides a pharmaceutical composition comprising an 

active ingredient useful in the prevention or therapy of k(M-al()<:onjunclivitis sicca or a 

symptom associated therewith. The active ingredient is selected from the group of 

macrolide immunosuppressants. The composition further comprises a liquid vehicle 

comprising a semifluorinated alkanc. 

In one of the preferred embodiments, the composition comprises a 

therapeutically effective amount of a poorly wat(M" soluble macrolide with 

immunosuppressant activity such as ciclosporin, in particular ciclosporin A. It is 

furthermore preferred that the composition is in liquid form and adapted to be 

administered locally into the eye of a patient. 

In a furth(>r aspect, the invention provides the us(.' of such composition in the 

prevention or therapy of keratoconjunctivitis sicca or any symptom associated 

therewith, wherein the prevention or treatment is preferably performed by 

administering the composition into the eye of a patient. 

In yet a further aspect, the invention provides a pharmaceutical kit comprising 

such composition in a container which has a dispensing means adapl(;d lor topically 

administering the composition to the eye of a patient. 

DHTAII.FD DI'SCRIPTION OF TUF INVHNTION 

In a first aspect, the invention provides a phai'maceutical composition 

comprising a therapt^utically effective amount of an active ingredient useful in ihc 

prevention or lh(!ra|)y of keratoconjunctivitis sicca ora symptom associated 

therewith . The active ingredient is selected from the group of macrolide 

immunosuppressants. The composition is further charactcMised in that it comprises a 

liquid vehicle comprising a semifluorinated alkanc. 



As used herein, a pharmaceutical composition is a composition compiisinj;at 

least one pharmacologically active ingredient or diagnostic agent in combination with 

at least one pharmaci!ulicai excipient. A therapeutically (effective* amount r(Mc'rs to ,\ 

dose, concentration or strength which is useful for producing a desir(!d 

pharmacological effect. 

Keratoconjunctivitis sicca is a complex, multifaceted disease or condition as 

described above. It is also known as dry eye .syndrome, dry eye disease (DHD), or 

dysfunctional tear .syndrome. Aqueous-deficient DHI), evaporative Dlil), Sjogren 

.syndrome, lacrimal gland insufficiency, meibomian gland dist^ase and olhc>r 

conditions are all within the scope of kcM'atoconjunctivitis sicca and form s[)('cill( 

subtypes thereof. Symptoms of keratoconjunctivitis sicca include a dry, sci^alchy, 

gritty, or sandy feeling in the eye; foreign body sensation; pain or soilness; stinging 

or burning; itching; increased blinking; c.yo fatigue; photophobia; blin'ry vision; 

redness; mucus dischai"ge; contact lens intolerance; excessive reflex tearing. It is 

understood that not all patients suffering from keratoconjunctivitis sicca exhibit all 

symptoms simultaneously. Hence, there is currently no uniform set of criteria for 

diagnosing the disease. It is however important to note that:, within the scope of the 

present invention, any of the aspects, .symptoms or pathophysiological conseciuencis 

of Dl'il) may be addressed. 

The active ingredient used in the composition of the invention may thus be an 

agent known to be effective against the disease itself, such as ciclos|)orMi wiiich is 

believed to intervene in the inflammatory cascades associated with Df'D, oi- it may be 

an agent effective against one or more of the .symptoms associated with it, without 

curative activity. As will be discussed in tnore detail below, the active ingredient is 

selected from macrolide immunosuppressants such as ciclosporin, tacrolimus, 

pimecrolimu.s, evcM'olimus, sirolimus, deforolimus, temsii'olimus, and zotarolinuis, 

abelinuis, gusperimus, and mycophenolic acid. 

Some of the key advantages of the present invention are brought about by the 

presence of a scmifluorinatod alkanc in the composition. Semifluorinated alkanes aie 

linear or branched alkanes .some of whose hydrogen atoms have been replaced by 

fluorine. In a prcfern^d embodiment, [he semiduorinated alkanes (Sf'A's) used in the 

i2 



prcsenl invention arc composed of at least: one non-fluorinatod hydi'ocacbon sc!',ni(-nt 

and at least one pciiluorinatcd hydrocarbon segment. Particularly useful are Sf'A's 

which have one non-nuorinatod hydrocarbon segment attached to one [K^rlluorinatcd 

hydrocarbon segment, according to the general formula l''[CF;,)n[CH;.>),„ll, or two 

pcrfluorinated hydrocarbon segments sepai'ated by one non fluorinated hydrocarbon 

segment, according to thegenei-al formula F[('F/]„(CH7],„(CF7],,F. 

Another nomenclature which is used herein rclcM's to the above-mentioned 

SFA's having two or three segments as RF'RH and RF'RHRF, resp(K:tively, wherein Ri 

designates a pcrfluorated hydrocarbon segment, Rn designates a non-fluorinated 

segment. Alternatively, the compounds may be referred to as I''nllm and Fnlimi'o, 

r(\spectively, wherein F means a perfluorated hydrocarbon segment, II means 3 noii 

fluorinated segment, and n, m and o is the number of carbon atoms of the respective 

segment. For exairiple, \'M\'.i is used for perfluoropropylpropane. Morc-oviM ,̂ this type 

of nomenclature is usually used for compounds having lineai" segments. Therefore, 

unless otherwise indicated, it should be assumed that F3IK-? means 1 -

perfluoropropylpropane, rather than Z-perfluoropropylpropane, 1-

pcrfliioroisopropylpropane or 2-pert!uoroisopropylpropane. 

Preferably, the semilluorinated alkanes accoi'ding to the general (ormulas 

F(CFx)n(CH2)mH and F(CF2)n[(lHi!)m(CF2)(.F have segment sizes ranging from 3 to 20 

carbon atom.s, i.e. n, m and o are independently selected in the range from i to 7,0. 

SFA's which are useful in the context of the present invention are also described in 

i;P-A 96S 3:U, VVA 96S:VZ9 and FP-A 2110126, the disclosure of which documents is 

incorporated herein. 

hi a further embodiment, t:he semifluorinated alkane is a compound accoi'ding 

to the formula RFRII, whose segments R|.and Rn are lineai- and each but 

independently from one another - have from 3 to 20 carbon atoms. In another 

pai^ticular embodiment, the perfluoilnaled seg,ment is linear and com|)rises from A to 

1 2 cai-bon atoms, and/or the non-lluorinated segment is linear and comprises fi'om 1 

to B carbon atoms. Preferred SFA's include* in paiMicular the compounds F4II,S, ]'41I6, 

F6H4, F'6II6, F6UH, and F6H10.1'resently most preferred for carrying out the 

invention are F4II.S, F6II6 and F6II8. 



Optionally, the composition may comprise more than one SFA. it may be uselui 

to combine SFA's, for example, in order to achieve a particular largel [)rop(M-ty such ds 

a certain density or viscosity. Ifa mixture ofSI-'A's is us(!(l, it is furthermore prefcM'red 

Ihatthe mixture comprises at lcastone of l'4liS, F4ii6, F6II4, F6II6, V6\in, and l'6li 10, 

and in particular one of F41IS, F6H6 and F6II8. In another embodiment, thc> mixture 

comprises at least two members selected from F4Hfi, F4H6, F'6II4,1'BHB, F6I18, and 

F6H10, and in particular at least two members selected from I''411S, F6H6 and F6Hi!. 

Ficpiid SF'A's are chemically and physiologically inert, colourless and stable. 

Their typical densities range from 1.1. to 1.7 g/cm"', and their surface tension may be 

as low as 19 niN/m. SFA's of the RFRll type are insoluble in water but also somewhat 

amphiphilic, with increasing lipophilicity correlating with an increasing size of the 

non-fluorinated segment. 

Liquid SFA's of th(? R1'"RI1 type are being used commercially for unfolding and 

reapplying a retina, for long-term tamponade as vitreous humor substitute (II. 

Meinertetal., Furopean Journal of Ophthalmology, Vol. 10(:-5], pp. 189-197, XOOO), 

and as wash-out solutions for residual silicon oil after vitreo-retinal surgery. 

Fxperimenlally, they hav(> also been used as blood substitutes (II. Meinert el al., 

Hiomatcrials, Artil'icial CelFs, and Immobilization Biotechnology, Vol. 21(,')], pp. 'MVA 

9.S, 199:^). These ap[)licati()ns have established SFA's as physiologically well toh^ratini 

compounds. 

On the other hand, SI'"A's have not been used as excipients in appi-oved drug 

products as of today. 

It has now surprisingly been found by the inventors that SFA's are partiCLilarly 

suitable as carriers, vehicles or excipients in ophthalmic compositions foi- topical 

administration. This is based on th(! fact that SFA's are capable of dissolving many 

poorly water-soluble compounds which are of interest in ophthalmology, but also on 

the discovery that they arc unexpectedly well-tolei-ated by the eye, as shown in 

preclinical testing. This is very surprising as organic or non-aqueous SOIV(.MIIS, 

perhaps with the exception of oily compounds, are typically very irritating or even 

highly damaging when administered topically to an eye. 



(Compared to oi ly car r ie rs or vehicles in op iuha lm ic compos i l i ons for topical 

use, SI'A's exhib i t a ref ract ive index wh ich is much bet ter compat ib le w i t h the aim o l a 

min imal ly a f l t x l ed v is ion: Whi le oi ly pre|)arat ion lead to a bluri^y v is ion and can 

therefore not be admin is te red in any s i tuat ion in wh ich the pat ient needs a clear 

v is ion, SI'A's cause l i t t le or no b lu r r i ng . 

f5y i l l us t ra t ion , the ref ract ive index of tear f lu id is close to that of water , i.e. 

'\3'.^3 at r oom tempera tu re [RT] . Oils typ ica l ly have a substant ia l ly h igher refract ive 

index such as about 1.46 (peanut o i l ) , 1.47 [sesame o i l ] , or 1.48 [castor o i l ) . In 

contrast, the inventors have de te rmined the refract ive indices o f vaiaous SI'A's of 

intei 'cst to be in t lu ; region o f 1.29 to 1.3.^, i.e. much closer to that o f water . In one of 

the specif ic embod iments , the invent ion is therefore pract ised w i t h an SFA whose 

refract ive index is f r o m 1.29 to 1 .S.S, and in par t icu lar f rom about l.'AO to about 1.3S 

at 2()"(;. Th(> rc^fraclive index for select(xl SKA's is shown in table 1. 

Table 1 

SI'A Uefiactive index 

r4 l l4 1,.'?08 

F'tli;) 1,37.04 

r-tiih 1,33-1 

r'1117 1,331,7 

t 'H!;! 1,3 18 

l'6ll?, 1,791, 

1-6114 1,306 

1'6H6 1,3774 

l'61i7 1,3366 

l'61lt! 1,3'137, 

I'61I9 1,34'M 

Moreover , Sl''A's exh ib i t a remarkab le w e t t i n g and spread ing behavioui- by 

wh ich they de l iver an incorpora ted active ingred ient rap id ly and effect ively to the 

c:orneal surface and con junct iva . We t t i ng means the ab i l i ty of a l iqu id to establish and 

mainta in contact w i t h a so l id surface, resu l t ing f rom in termolecula i - in teract ions 

when the two are brought togethcM-. The balanc(> biMvA'een adhesive and cohesiv(-

forc(\s determines the dcg.ree of we t t i ng . The higher the adhesive lorc(\s compared lu 

the cohesive forces, the more a d rop of l iqu id w i l l spread across tht? sini'ac(> of tht; 
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solid material. Conversely, very high cohesive forces within the liquid will cause the 

drop to form a sphere, thus avoiding contact with the surface. Similarly, spi'eading 

may also occur at the interface of two liquids which are brought into contact with 

each other. 

A measure for wetting and spreading is the contact angle 0. Thc> contact angk~ is 

the angle at which the liquid-vapour interface meets the solid-liquid or liquid-liquid 

interface. The tendency of a drop to spread out increases as the contact angle 

decreases. Thus, the contact angle provides an inverse measure of wettability. 

A low contact, angle of less than 90" indicates high wellability and/or spreading, 

whereas a higher contact angle indicates poor wellability and spr(>ading. Pcrlecl 

wetting and spreading results in a contact angle of 0", also reported as no measurable 

contact angle. 

The inventors have found that the SFA's used in the |)rcsent invention, in 

particular the preferred SI-'A's, exhibit an excellent wetting of various sui'facrs which 

are not easily welted by conventional drug fornuilations, for example, the contact 

angle of both I''4i[!S and F61I8 on tablets compressed from either trospium chloride or 

fenofibratc (150 mg of drug substance compressed at 1 S-20 kN to tablets of 13 mm in 

diameter] was not measurable, i.e. perfect wetting occurred. It is noted that 

fcnofibrate is an example of a hydrophobic, pooiiy water-soluble compound, whereas 

trosi)ium chloride is hydrophilic and water-soluble. In comparison, the contact angle 

of purified water on the fenofibrate tablet was determined as 92..S", i.e. the tablet was 

poorly wetted by water. 

A further surprising advantage of SFA's found by the inventors is that they 

appear to form very small droplets when dispensed from a dropper such as an eye 

drop()ei-. Without wishing to be bound by theory, it is bcjiieved that th(! small di-oplet 

size is a result of an interplay of the SFA's unique properties in terms of iheir density, 

viscosity, and surface tension. In any case, it is believed that for topical administration 

into an eye a small drop or volume of administration is highly advantageous as ihe 

capability of the lacrimal sac lo accept and hold fluid is extremely limited. In (act, il is 

very common that the administration of a conventional eye drop formulation based 
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on vvatcroroi l immodialcly leads to a di.s(:har<;c ofa subslantial fVaction ol'll io 

adniinislcrcd medicine as well as some teai" fluid. Al Ihe same lime, there is a risk tliai 

some of lhe adminislercd dose wi l l he taken up syslemically via the? nasoiacrmial 

duct. Hence, if an effective dose of an active ingredient can be incorporated in a small 

volume of l iquid which can be dispensed as a very small droplet, this should lead to a 

substantially incrcjascd dosing reliability and repi'oducibility, thus enhancing the 

safely and effectiveness of the thtM'apy. 

A yet further advantage of the invention which is based on the use of SFA's is 

that they can be designed or mixed for an optimally adjusted evaporation behaviour 

after administration. Thus it is possible to formulate an ophthalmic composition 

which delivers an active compound efficiently to the eye in such a way that Ihe liquid 

vehicles is subsequently eliminated via eva[)oralion. This is in sharp contrast to oily 

eye drop vehicles which do not evaporate and thus form non physiological resichu^s 

at the site of administration, e.g. in the lacrimal sac. 

Moreover, the invention provides a means of formula! ing non-a(|ueous 

ophthalmic com[)ositions which ai'e microbiologically stable. This is due to the fad 

that SFA's are not normally prone to microbial contamination. Hence, it is possible to 

formulate preservative-free ophthalmic compositions which arc better tolerable for 

many patients, in particular patients suffering from keratoconjimctivitis sicca. 

As mentioned, the active ingi'edient l:o be selected for carrying out the invention 

is a macrolide immunosuppressant useful in the management, prevention or lhei'a|)y 

of keratoconjunctivitis sicca or dry eye disease, or of any symptom associatcnl wit h 

this disease. 

It is believed that the invention is particularly useful if the active compound is 

selected from poorly water-soluble drug substances which are otherwise challenging 

to formulate for ophthalmic use. As used herein, a compound is poorly water-solubU^ 

if it exhibits a sokibil ity falling into Ihe d(>finitions of "sparingly soluble", "slightly 

soluble", "very slightly soluble", or "practically insoluble" [according to Ph. luir. 6th 

Fd.j. Particularly preferred are active ingredients which are "veiy slightly soluble" or 

"practically insoluble". In another embodiment, it is preferred that the active 
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ingi'odicnl exhibits a walor solubility oflcss than about 1 mj; per mi., as measured at 

room l(!mperaturc (bolwocn IS and 2.S°C) and at neutral pH (pll 6.0 and pil ii.O], 

An example of a particularly preferred active in[;redient is ciclosporin A, which 

has been discussed in more detail above, (liclosporin is practically insoluble in water. 

(liclosporin may be incorporated at any therapeutically useful concentration, such ;is 

from about 0.001 wt.-% to about I) wt.-%. In a further embodiment, the concentration 

of ciclosporin is at least about 0.01 wt.-%, such as from about 0.01 wt.-% to about 2 

wl. %, or from about 0.01 wl.-% to about 1 wl. %, or from about 0.01 wl. % to about 

O.S wt.-%, respectively. Therapeutically useful conccntration.s of ciclosporin also 

include 0.02 wt. %, O.OS wt:.-%, 0.1 wt.-%, and 0.2 wt.%. 

It is also |)refcrred that the active ingredient is incoi^porated in the dissolved 

slate. This allows the composition to be formulated as a clear solution. AlternalivcMy, 

the composition may also be designed as a suspension or emulsion. 

It has been found by t:he inventors that certain SI''A's have a surprisingly high 

capacity to dissolve even extremely challenging poorly soluble compounds such as 

ciclosporin A. In some of the |)referred embodiments, ophthalmic solutions compi-isi-

an ,SFA selected from l''4lir), I'4II6, I'6II6, and F6IIH and ciclosporin A as active 

ingredient. Within these embodiments, it is preferred that the concentration of 

ciclosporin A is about 0.01 wt.-% to about 0..S wt.-%. 

Depending on the active ingredient, its dose and the SKA or mixtui^e of SI'A's 

selected as carricM', it may be useful to add another liquid cxcipient in ordei- lo ensure 

that the active compound can be incorporated in completely dissolvcnl loi-m. Such 

other liquid cxcipient is preferably an organic cosolvent, such as an oil selected from 

glyceride oils, liquid waxes, and liquid paraffin, or an organic-solvent exhibiting a high 

degree! of biocompatibility. 

Hxamples of potentially useful oily exci[)icnts which may be used in combination 

with one or more .SFA's include triglyceride oils (i.e. soybean oil, olive oil, sesams^ oil, 

cotton seed oil, ca.stor oil, sweet almond oil), mineral oil (i.e. petrolatum and liquid 

paraffin], medium chain triglycerides (MCT), oily fatty acids, isopi'opyl myristate, oily 



fatly alcohols, esters of sorbitol and fatty acids, oily sucrose esters, or any other oiiy 

substance^ which is physiologically tolerated by the eye. 

Kxamples of potentially useful organic solvents include glycerol, propylene 

glycol, polyethylene glycol, and ethanol. However, the concentration of the cosolvent 

should preferably be low relative to that of the SFA or SFA rnixtui-e. If an organic 

solvent such as ethanol is used, it is rccommendable to keep it below a level of a|)prox 

S wt.-%. More preferably, the content of ethanol is from about 0.1 to about /' wt.'K], 

and most [)referably no! more than aboLiI 1 wl. %. hi one of the spt^cific 

embodiments, a solution of ciclosfjorin (e.g. having a concentration ofO.S mg/ml,] in 

a liquid vehicle comprising about 99 wt.-% of F4li.S and about 1 wt.-% of ethanol is 

provided. 

While ethanol, generally speaking, is not very well lolcrat(>d by the human c\n\ 

it has surprisingly been found by the inv(Milors that mixtures of semifluoriiiated 

alkancs with very small amounts of ethanol, such as 1 wt.-%, are capable of dissolving 

substantially higher amounts of a hydrophobic, pooi^ly soluble compoinid SLich as 

ciclosporin A, whereas the tolerability of the composition is not negatively affectcKi by 

the ethanol content. 

The compositioii may of course comprise further pharmaceutical exci|)ients as 

required or useful. Potentially useful excipients include surfactants , in particular 

non-ionic surfactants or amphiphilic lipids, acids, bases, antioxidants, stabilisers, 

.synergists, and - if required in a particular case - a pi-eservative. 

Surfactants which are considered potentially usî ful inclutle tyloxapol, 

poloxamers such as Pluronic F68l.ror l.utrol F68, Pluronic 1,-(;21.F and I'luronic 

1,621), polysorbates such as polysorbate 20 and polysorbate 80, polyoxyethylone 

castor oil derivatives, sorbitan esters, polyoxyl steaiMtcs, and mixtui'es o( two or mori' 

thereof 

Fuilhcrmore, the invention provides a pharmaceutical kit comprising the 

composition as described above and a container holding the composition. Preferably, 

the container which contains the composition has a dispe^nsing mc^ans sue h as a 
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dropping device adapted for topically administering the composition to tlic eye of a 

patient. 

The following examples serve to illustrate the invention; howev(!r, these ar(̂  not 

to be understood as restricting the scope of the invention. 

HXAMPI.KS 

Example 1 

The droplet size of selected SI'̂ A's in terms of weight and volume of droplets 

from thi-ce di'oppei-s was determined and compared to that of purified water. The 

devices used for dis[)ensing the droplets were (a) a ?. ml, I'asleur pipette [wall 

thickness 0Si3 mm; external tip diameter: 1..S0 mm; length: 1 .SO mm) mad(> of gjass, 

[b] a 20 G (0,9 mm x SO mm) injection needle, and (c) a dropper from a commercial 

eye drops product [llylo-Vision). The droplet weights wei'e measui'ed at /"SC using, ;i 

laboratory balance; the volumes were calculated, flarh test was performed 1 0 limes. 

The r(\sulls of the experiments (mean valuers of drophM sizes and standard devialions) 

arc shown in table 2. 

Table 2 

Glas.s pipette [njccrion nocrllc Hyc droppor 

Material mg pi, mg pi. mg pi. 

Wrt\cr :̂  I.:.'. I 1.4 31.3 M . 4 1 1.0 i 0.0 I L M O . ' ) 3o.O t ;-'.? 3(). l i : ' . . ' 

F4I1I) 6.0 10.4 4.7:10.3 7,.6 I 0.4 Z.O ! 0.3 17..4I0.; ' '),(, i ().;', 

F6II8 6.6 1:0.6 .S.0:M).4 3.4 U).?. 7.1.10.1 13.7:t().4 10.3 i().3 

Tabic 2 shows that droplets of r4H5 and I'6il8 are dramatically smaller and 

lighter than water droplets dispcMiscd from the same device. Taking into ;u:cnunt the 

fact that SFA's have a high capacity lo dissolve* many active ingredients vei-y w(>ll, il is 

concluded that Sl-'A's are highly suitable liquid vehicles for eye drops which ar(; hcjller 

retained by the lacrimal sac, produce little spill-over, and thus have a potential to 

deliver a dose more reliably and reproducibly to the eye; than conventional eye dro|) 

formulations. 



I'ixample 2 

The solubility ofciclosporin A in various scminuorinated ali<ancs and was 

tested according to Ph. l-lur. 2.2.29, using a rcvcrsed-phase lll'l,C/IMI) niolhod. The 

results are given in table 3. 

Table 3 

SFA Solubility ffj/I.I 

F4H!) /.[>4 

F4H6 3.60 

F6H6 3.61 

F6HB 1.:)6 

lixainple 3 

In the same manner as in example 2,1 he soluhilily ofeiclosporin A in mixlu res 

of an SFA with 1.0 wt.-% ethanol [HtOH] was determined. The results are given in 

table 4. They indicate that even a small amount ol'ethanol, such as 1 wl. %, increases 

the solubility of semifluorinaled alkanes markedly, and that this effect is |)arlicularly 

pronounced with F"4H5. 

Table 4 

Solvent Solubility |g / l . | Fffcclofl'tOH 

F4IH./l-tOII I).61) -t l?7. % 

F6I I8 / l-tOll t.77 1 \3% 

I';xample4 

I'ithanol was mixed with F4[I.S to yield a solution having an ethanol 

concentration of 1 wt.-%. 2.S mgof ciclosporin A were dissolved m .S nil of tliis 

solution, resulting in a clear solution having a ciclosporin concentration of O.S 

mg/ml,. The solution was filtered aseptically and filled into sterile vials. The 

i-efractivc index at 20°C was l./?21. 



l-lxample S 

A solution ofcidosporin A in a mixlui-o of 1'41I.S and 1 wl.-% cMhanol havinj^ a 

nominal cidosporin concentration orO.iS mg/ml, (as in I'ixample 4) was filh^d into 

sterile glass vials (10 mi,] and stored at 2S "C and 60 % rc^lative humidity. Samples 

wei'o drawn at the beginning of the storage period and at cei'tain time intervals 

thereafter, and the concentration ofcidosporin A was determined according to Ph. 

luir. 2.2.29, using a reversed-phase HPI.C/DAD method. The results are given in lablc> 

.S. 

Table S 

Time Cone. [g/I.l Assay | % | 

initial 0.1,?.;, 104.4 

?. monlh.s O.S?.;. 104.4 

3 inonlhs O.!,?.;. 104.3 

I'ixample 6 

The physiological tolerability of l*'4il.S and of tlie vehicle used in (example 4 

(1 wt.-% ethanol in F4HS] was evaluated in an ex-vivo eye irritation test (I'iVlilTJ 

using rabbit eyes taken from freshly sacrificed animals. The eyes wei'e fastened in 

chambers coupled micropump .systems which continuously supplied the eyes with 

ciillivalion medium (Minimal Ivssenlial MediLun, MI'M T031-(),'i) wilhoul hUal calf 

sei'um. The vitality of the eyes was monitored by regularly measuring the 

concentration of lactate and glucose in the chamber cluate. The corneal surlac<> of the 

eyes was damaged by abrasion, using a dental ceramic abrasive (638X1'', Meisinger). 

For each eye, four lesions of 3.0 to 4.5 mm'̂  were prepared. 

To evaluate the effect of F4H.S and Flll.'S with 1 wl.-% ethanol on Ihe cornea, 

an amount of approx. 0.2.S to 0..S0 (.il of the res|)ective lest substance was di-opptHJ 

onto the centre of a cornea once every hour over a period of 12 hours, (bllowed by a 

12 hour resting period in which the cornea was submersed in culture medium to 

simulate a closed lid during a night phase. In addition, an aqueous solution of 

hyaluronic acid (0.1 wt.-%) was used as refei^ence (hyaluronic acid is know to 

(Mihance the rc^storation of the corneal sui'face alter damage), culture,^ medium \A'IIS 



used as control, and aqueous bcnzalkonium chloride solution (0.01 wl.-%] was used 

as negative control, l^ach test was perfoi'med over a period of 3 days. The eFfecls were 

observed by optical coherence tomography [OCT], by digitally determining lh(> 

dimensions of the lesions after staining with fluorescein, and finally by a histological 

evaluation of the corneal epithelium and endothelium at the end of each experiment. 

In result, it was found that in particular F^ HI) was better tolerated than culture 

medium, and that it exhibits a positive effect on the healing of damaged cornea 

similar to that of hyaluronic acid. Hven when comprising 1 wl. % of elhanol, K4I1.S is 

tolerated very well by the eye. OCT imaging revealed no indication of penetration of 

F4H.S into the cornea. 

Table 6 

P4H.S r4II.S t I'K, KlOil* 

lUin ) Run ?. Run 3 Ihin I Rim 7 

Initial .size fmni'^l 9.91) 17..B8 12.09 14.6!! 14,99 

[•inal.size[ninf'] 0.19 1.01 0.06 0.30 ?,.?(. 

Change [%1 98.1 99.0 99.,S 98.0 84.9 

*l':tOH:othanol 

Tabic 7 

HA MI-:M HAC 

Run I Run?, Run 3 Run 1 Run 7. i^ni 3 

Inilial .sizo [ninf-'] 13.?.?. 16.03 1487 IS.!, i:,..'>7 13,11 16,0,S 

final,si70 [nuir'l 0.36 ().?4 0.00 ?..M 6.83 0.00 >60 

Change |%1 97.3 -9!).;; 100 83.8 S6.1 100 

*IIA: hyaluronic acid; HAC: benzalkoniuni chloride; MKM: niininial e.s.scntial medium 

**l.p.sion p.s.setitially covered (he complete corneal .surlace 

In more detail, it was found that the lesions pre|)a]'(>d by abrasion becauK" 

smaller or larger ovei" time depending on the liquid that was administered to l he 

cornea. Substantial healing occurred when F41I.S, F4lir) with 1 wl.-% ethanol, oi' 

hyaluronic acid was used. In marked contrast, ben/.alkonium chloride administi'ation 

lead to a rapid growth of the lesions eventually leading to a com|)lete disinte.griUion 

of the corneal epithelium. Culture medium had an intermediate eff(M:l. Tables 6 and 7 
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shows the dimensions of the lesions [mm''] before and after the tests with the various 

test liquids and controls, ixispcctively. 

Morphological and histological evaluation rev(;aled thai the corneas treated 

with F4H5 or hyaluronic acid had not only healed very well, but were also entirely 

clear at the end of the tests, with healthy and smooth surface morphology, liyes 

treated wi th F4II.S wi th 1 wt.-% cthanol showed a healthy overall mor|)hology, the 

corneas were clear and the epithelia revealed only very minoi' signs of damage 

i^emaining from the lesions. In contrast, some of (he controls treated with culture 

medium showed significant surface roughness, and the eye treated with 

ben/.alkonium chloride showed not only the com[)lete disintegration of the cornc^al 

epithelium, but also a major impairment of the complete cornea even including the 

endothelium. 

Hxample 7 

The ex-vivo eye irr i tation test (I^VfilT) according to example 6 was repeated, 

this time using F6I18 and F6H8 mixed with 1 wt.-% elhanol as vehicles wluxse 

tolcrabili ly was to be evaluated, f'ach of the two vehicles was tested in two se|)arale 

runs. In result, all lesions healed fully during the (;x[)(Mimenlal time (see labl(> 8). 

Histology showed dense stromata with very few clefts and well-arranged keratocytes. 

Table 8 

K6Hii i '6 l l8 I-I'M. HtOII 

Run 1 Rim? Run I lUm 7, 

Initial,size I m i i r ' l 10.1)4 i;..08 16.61, ll.?<) 

Final .size Imm^l 0.00 0.00 0.00 0.00 

Change [%] 100.0 -100.0 100.0 100.0 

fixample 8 

2,S mg of ciclosporin A were dissolved in .S ml of a solution of ethanol [1 wl.-

%) in F6H8. The resulting clear solution was aseptically filtered and filled into sterile 

vials. The refractive index at 20"C was l.'.HAO. 

27 



lixample 9 

2..S mg ofciclosporin A and 20 nig of a-locophcrol wtM ê dissolved in S ml old 

soluLJon ofothanol [1 wL.-%] in F4M,S.Tho resulting clear and slightly yellow soliilioii 

was ascptically filtered and filled into sterile vials. The refi'active index at 20"(; was 

1.:^225. 

i'xampjc 10 

2.S mg ofciclosporin A were dissolved in S ml, of a liquid vehicle consisting of 

F4Hr) [49.S wt.-%), F6H8 (49.5 wt.-%), and ethanol (1 wt.-%]. A clear solution 

resulted, which was ascptically filtered and filled into sterile vials. The refractive 

index at 20°C was 1.3310. 

Fxample 11 

2.IS mgof ciclosporin A and 20 mg of olive oil were dissolved in !i ml. of a liqiiitl 

vehicle consisting of F4H.'S (49.5 wt.-%), F6H8 (49..S wt."%), and ethanol (1 wt.-%]. A 

clear and slightly yellow solution resulted, which was ascptically nitcM êd and filled 

into sterile vials. The refractive index at 20°C was 1.3^31. 

Fxample 12 

2..5 mg of tacrolimus were dissolved in .'> ml, of a liquid vehicle consisting of 

F6H8 (99 wt. %), and ethanol (1 wt.-%). A clear solution resulted, which was 

ascptically filtered and filled into sterile vials. 'I'hc refractive index at 20"C was 

1.3421. 

Fxample 13 

2..5 mgof tacrolimus were dissolved in .S ml, of a liquid vehicle consisting of 

F4H.S (99 wt.-%), and ethanol (1 wt.-%). A clear solution resulted, which was 

ascptically filtered and filled into sterile vials. The refractive index at 20"(; was 

1.3218. 
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