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Ophthalmologic preparation

Field of the invention

The present invention relates to an ophthalmologic preparation in the form of solid
fibrous carrier comprising water soluble nano-fibers containing hyaluronic acid or a
pharmaceutically acceptable salt thereof and/or at least one derivate thereof, further containing

water soluble synthetic polymer and an active agent.

Background of the invention

In the field of pharmaceutical applications, the application of medical agents through
specific sites and specific routes is essential for obtaining desired effect. Also critical is the
dosage regimen that ensures the administration of the right dose of medical agents. Because of
the anatomical and physiological uniqueness of the eye, the distribution of drugs for treatment of

ophthalmologic diseases and disorders has been challenge for long time.

Currently, in fact all ophthalmologic drugs are produced in the form of eye drops despite
it being impossible to ensure sufficient duration of the therapeutic agent on the cornea.
Moreover, the absorption and effect of the therapeutic agent is influenced by many other factors
such as blood circulation in the conjunctiva, its clearance with lymph and, above all, its dilution
with tears and binding of the drug to proteins contained in tears. Due to above mentioned risks,
there still exists the need of alternative form of ophthalmologic drugs administration, that
enables to overcome at least some of the issues of commonly available forms (Nagarsenker, M.,
et al. (1999). “Preparation and evaluation of liposomal formulations of tropicamide for ocular
delivery.” International Journal of Pharmaceutics 190(1): 63-71). Eye drops made up about 90 %
of drug forms for ocular applications from several reasons, those being costs, good acceptability
by patients and simple preparation (Le Bourlais, C., et al. (1998). “Ophthalmic drug delivery
systems — recent advances.” Progress in retinal and eye research 17(1): 33-58). Despite all these
advantages, the eye drops are highly ineffective means, whereas only 5% of drug penetrates
through the cornea (Lang, J. C. (1995). “Ocular drug delivery conventional ocular formulations.”

Advanced Drug Delivery Reviews 16(1): 39-43).

Following the drug application in the form of solution, the drug is diluted with tears. The

time of drug contact with the eye is short (1-2 minutes) because the eye produces 0.5-2.2 pl of
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lacrimal fluid per minute. Moreover, the blinking frequency (12 x per minute) increases lacrimal
fluid clearance and thus increases the clearance of eye drops (drug) from the site of application
(Ahmed and Patton 1987, “Disposition of timolol and inulin in the rabbit eye following corneal
versus non-corneal absorption.” International Journal of Pharmaceutics 38(1-3): 9-21). Such
drug removal is solved by the increase of the dose thereof. The eye is thus exposed to the risk of
unpredictably high dose of drug, but in some cases, none might be absorbed. In the same time, it

is more difficult to determine the period between individual drug administrations.

These data imply that there still exists the need to improve the properties and drug
regimens of medical agents for ocular applications, despite the fact, that the eye drops make up
90 % of drug forms. The ideal system for drug dosage into the eye should not irritate the eye,
should not cause foggy sight or some other kinds of irritation or burning and moreover should be
in ideal case applied at maximum 2 x a day (Van Ooteghem, M. (1995). Préparations

ophtalmiques, Technique & Documentation-Lavoisier.).

Polymer gels that improve eye reaction and decrease side effects such as system reaction
to topically administered ocular drug are one such solution. The gels enable longer drug contact
with the tissue and prolong the period of drug absorption and reduce the dosage frequency. (Le

Bourlais, Acar et al. 1998).

Due to its regenerative and moisturizing effects, the hyaluronic acid has been long part of
ocular medicine. Eye surgeons inject hyaluronic acid into the eye to ensure that the eye ball
retains its shape during the operation (Rah, M. J. (2011). “A review of hyaluronan and its
ophthalmic applications.” Optometry-Journal of the American Optometric Association 82(1): 38-
43). Hyaluronic acid is also the part of some solutions for eye lenses and eye drops that display
prominent moisturizing, tranquilizing, regenerative and protective effect (Hyal-Drop®, Hylo-

gel®, Hylo-care®).

Further possibilities that have been studied and applied by many research groups are
contact lenses with the content of drug itself or in the form of liposomes, nanomaterials etc.
There exist several methods of drug incorporation into contact lenses. Basic and a simplest
method is form of impregnation where the lens is soaked in the drug solution and then is applied
into the eye (Hehl, Beck et al. “Improved penetration of aminoglycosides and fluoroquinolones
into the aqueous humour of patients by means of Acuvue contact lenses.” European journal of
clinical pharmacology 55(4): 317-323). However, this approach brings about problems with
dosage because the drug content in the lens is only partially controllable and further limited. The

newest research works with drug in the form of nanomaterials (encapsulated drug), that are built
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into the lenses. Such nanomaterial is then produced from a material, from which the drug may
diffuse and then migrate from the lens towards eye tissue (see EP 15324202). The size of
particles with the drug content 1-5% does not excess 50 nm. Nevertheless, the application of
lenses into the eye is difficult, may lead to eye irritation, inconvenient feelings such as tingling,

burning in the eye. Also, the eye infection risk increases.

Contact lenses made of nano-fibers/fibers or containing nano-fibrous or fibrous mesh
have been in the center of attention for past decades. Nano-fibers appear, due to their properties,
as suitable material for targeted drug distribution and controlled release (Valmikinathan, C. M.,
et al. (2009). “Polycaprolactone and Bovine Serum Albumin Based Nanofibers for Controlled
Release of Nerve Growth Factor.” Biomacromolecules 10(5): 1084-1089) and for formation of
scaffolds as cell carriers (Kim, K., et al. “Control of degradation rate and hydrophilicity in
electrospun non-woven poly(D,L-lactide) nanofiber scaffolds for biomedical applications.”
Biomaterials 24(27): 4977-4985, 2003) with controlled material hydrophobicity. The
combination of nano-fibers and contact lens then represents better and simplified drug
application, wherein the nano-fiber layer is prepared from synthetic polymers containing the
drug, whereas the drug is incorporated only after the nano-fiber preparation. The microparticles
are then produced from the nano-fibrous layer and incorporated into the lenses. Further option is
to apply directly the nano-fibrous layer without the necessity to produce lenses. Similar approach
is described in the patent document WO 2010/120489, wherein the drug carrier is produced as a
nano-fibrous layer from synthetic insoluble polymer, whereas the drug is incorporated into the
nano-fibers by immersing them into the drug solution. Polymer in nano-fibrous layer is then
meshed and the layer is coated with another layer of synthetic insoluble polymer, that being
again meshed. This layer then forms the protective layer for nano-fibers and retards drug release.
Nevertheless, in view of the fact, that it does not relates to a water-soluble material, inconvenient
eye irritation may occur as well as foggy seeing. Moreover, residuals of surface active agents,

meshing agents used for the layer preparation may remain here.

The patent document US 20110229551 relates to nano-fibers as direct drug carrier that is
applied into body fluids, where the body fluid is blood or other body fluids. The carrier is in this
case made of nano-fibers of biodegradable synthetic polymers such as PLGA and PLLA, that
however are not water-soluble, and their time of degradation thus prolongs. In the case of eye
application, it causes longer persistence within months, if the material is not removed. Other
nano-fibrous carriers for controlled release are prepared from mucoadhesive polymers such as
polyvinyl alcohol, alginate and in the case of other polymers with the addition of other agents

such as plastifiers, inorganic salts, non-degradable polymers and drugs (Shivani, et al. (2014) IN
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201400204I11. Topical nano-fibrous ocular implants). Another patent document W0O2013/171764
describes the product for eye applications that contains so called Greek hay, that forms the basis
of this preparation. Other agents are then added to this preparation, such as superficially active
agents, stabilizers, plastifiers and before all fillers (see WO 2013171764). The additions of
plastifiers, surfactants and other agents that are not substances of the body, represent a burden for

the organism and it may cause irritation or allergic reaction.

Nano-fibers of polyvinyl alcohol, polyethylene oxide and hydroxy propyl methyl
cellulose, eventually of the mixture thereof were used also as carriers with the drug addition,
which solves patent document US2013/136784. Disadvantage is the use of hydroxy propyl
methyl cellulose, that acts in its essence as a filling in contrast to our use of hyaluronic acid, that
acts here also as a moisturizer and is natural for the eye. Apart from that, it is the purpose of this
patent document to produce nano-fibrous layer that serves in its essence as the precursor to
produce a tampon with the drug content. In contrast to other agents intended for eye applications,

this preparation is primarily determined as vaginal tampon with spermicidal effect.

Summary of the invention

The object of the present invention is to develop the ophthalmologic preparation that
would overcome above stated drawbacks and enable an application with a precise dosage of the
active agent and whose application would be very simple and the drug release would occur only
once and only at its dissolution at the contact with the eye, which would secure the release of

proper amount of one or more active agents.

Such assumptions are fulfilled with the ophthalmologic preparation containing hyaluronic
acid, characterized in that it is in the form of the solid fibrous carrier that comprises water-
soluble nano-fibers containing hyaluronic acid, or a pharmaceutically acceptable salt thereof

selected from the group containing Na*, K*, Mg?" or Ca**, preferably Na®,

and/or at least one derivative of hyaluronic acid of general formula I, wherein
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wherein R" is H' or pharmaceutically acceptable salt selected from the group containing

Na*, K*, Mg?" or Ca?", preferably Na",

R! is H or -C(=O)CxHy or furanyl, wherein x is integer in the range from 3 to 21 and y is
integer in the range from 7 to 43 and CxHy is linear or branched, saturated or unsaturated chain
C3-Ca1, whereas at least in one repeating unit is one or more R!-C(=0)CxHy or furanyl, and

where n is in the range 12 to 4000;

further, at least one water-soluble synthetic polymer selected from the group containing

polyethylene oxide or polyvinyl alcohol;
and at least one active agent, preferably one ophthalmologically active agent.

Molecular mass of hyaluronan or derivative thereof is in the range 10 000 to 300 000
g/mol, preferably 15000 to 150 000 g/mol, more preferably 40 000 to 115000 g/mol. The
degree of hyaluronan derivatives substitution is in the range from 2 to 75%, preferably from 2.5

to 66%.

According to preferable embodiment of the present invention, the derivative of
hyaluronic acid is selected from the group containing palmitoyl hyaluronan, caproyl hyaluronan,
oleyl hyaluronan, butanoyl hyaluronan, linoleoyl hyaluronan, lauryl hyaluronan or furanyl

hyaluronan.

Further, the active agent is selected from the group containing antiallergic, antibiotic,
antimycotic, antineoplastic, anti-inflammatory, antivirotic, antiglaucoma, antiseptic or diagnostic
agents. Examples of ophthalmologically active agents without limitation are: tetryzoline,
levocabastine, gentamycin, ofloxacin, neomycin, clotrimazole, terbinafine, nystatin, doxorubicin,
prednisolone, dexamethasone, diclofenac, ketorolac, acyclovir, latanoprost, dorzolamide,
bimatoprost, tafluprost, travoprost, brinzolamide, carbetopendecium, potassium iodide,

octenidine.

If the active agent, preferably the ophthalmologically active agent, is hydrophobic, it is

contained in the nano-fibers in the form of micelles.

The content of active agent, preferably ophthalmologically active agent, is 0.01 to 50
wt.%, preferably 0.1 to 50 wt.% in the dry mass of nano-fibers contained in ophthalmologic

preparation according to the present invention.

The content of hyaluronic acid or a pharmaceutically acceptable salt and/or derivative

thereof according to general formula I is in the range 5 to 90 wt.%, preferably 10 to 90 wt.%,
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more preferably 50 to 80 wt.% in the dry mass of nano-fibers contained in the ophthalmologic
preparation according to the invention. Mass ratio in the mixture of hyaluronic acid or a salt and

derivative of hyaluronic acid is 1/9 to 9/1, preferably 3/7 to 7/3.

The content of synthetic polymer or the mixture thereof is in the range 10 to 90 wt.%,
preferably 20 to 50 wt.% in the dry mass of nano-fibers contained in the ophthalmologic
preparation according to the present invention. Mass ratio of polyethylene oxide and polyvinyl

alcohol in the mixture is in the range of 19/1 to 3/17.

Nano-fibers contained in ophthalmologic preparation according to the invention have

diameter in the range of 50 to 1 000 nm, preferably 50 to 500 nm, more preferably 50 to 200 nm.

The ophthalmologic preparation according to the invention is in the form of layer, its
areal weight being in the range of 1 to 100 g/m?, preferably 1 to 20 g/m?, more preferably 3 to 17

g/m?,

The ophthalmologic preparation according to the invention is preferably equipped with a

holder for manipulation during its application into the eye.

The ophthalmologic preparation according to the invention is suitable for use in treating
or prevention of ophthalmologic states, preferably ophthalmologic diseases and disorders chosen
from the group comprising glaucoma, dry-eye syndrome, macular degeneration, infection,

inflammation or allergy.

Detailed description of the invention

Hyaluronan is among glycosaminoglycans unique body non-sulfate. It is unique in that it
originates in a plasma membrane instead of Golgi apparatus and its molecular mass may reach
millions Da. Hyaluronan as one of the main components of extracellular matrix essentially
contributes to cellular proliferation and migration. Hyaluronic acid is a body’s own acid and it

acts in the preparation according to the present invention particularly as a moisturizer.

The present invention is based on long studied knowledge that the eye medication may be
easily administered without the risk of its spilling or overdosing thanks to a solid application
form, specifically in the form of solid fibrous carrier, thus without the need of liquid form. These
nano-fibers, at the contact with aqueous environment such as tear fluid, dissolve very rapidly and
release the active agents, that had been incorporated into the solid fibrous carrier during its

production. The application of this solid fibrous carrier, that is usually in the shape of a band, is
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very simple and thanks to very fast dissolving of nano-fibrous carrier also surprisingly
comfortable. These properties make thus the present solid fibrous carrier ideal for delivery of
specific doses of mentioned active agents into the eye. Since the solid fibrous carrier dissolves
only in the case of its contact with wet environment of the eye, no preliminary release of active

agents, preferably medical agents, occurs and the proper dosage is such secured.

As was described above, the present invention is first of all ophthalmologic preparation
for the treatment of ophthalmologic diseases and disorders, whereas this preparation comprises
solid carrier in the form of water-soluble nano-fibers, resp. fibrous layer that contains at least one

active agent. This solid fibrous carrier is soluble at the contact with the eye.

The solid fibrous carrier represents pharmaceutically acceptable composition that delivers

the active agent at the place of cure.

Within the scope of present invention, the carrier is a solid composition at standard
pressure and temperature (20 °C, 101.3 kPa) that comprises water-soluble nanofibers in the form
of the fibrous layer. This fibrous layer is water soluble and thus it dissolves easily in aqueous
environment. The nano-fibers preferably dissolve instantly at their contact with wet environment,

preferably tear fluid.

The fibrous layer is a structure made of individual nano-fibers in random or oriented
organization. Fibrous layers are made of one of stated technologies known under the names of
electrospinning or electro-blowing, optionally melt-blowing. Processes of preparation of nano-
fibers have been numerously published (Ramakrishna, S., et al. (2005). An introduction to
electrospinning and nanofibers, World Scientific), wherein the materials are not limited by their

solubility or biodegradability.

The advantage of the ophthalmologic preparation according to the present invention in
the form of solid fibrous carrier is low diameter of nano-fibers, large specific surface and high
number of small pores between fibers. These properties lead to the increase in nano-fibers
reactivity and thus to fast release and shortening of diffusion routes for incorporated medical
agents. The solid fibrous carrier of the ophthalmologic preparation according to the invention is
prepared from the mixture of hyaluronan and at least one water-soluble synthetic polymer, for
example, polyethylene oxide or polyvinyl alcohol. These properties enable fast disintegration of
the solid fibrous carrier. For achieving desired parameters of dissolution kinetics at contact with
negligible amount of liquid, such as is the contact with wet cornea surface, nano-fibers have their

diameters in the range, as was stated above. Specific areal mass of fibrous layers according to the
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invention varies in the range of 1 to 100 g/m?, preferably however in the range of 1 to 20 g/m?,
more preferably in the range of 3 to 17 g/m>. In preferred embodiments of present invention, the
profile of active compound release may be adjusted by changing the structure of fibrous layer
(i.e. by the fiber diameter). Nano-fiber diameter may be influenced using HA derivatives or
mixtures thereof with native HA, the use of the derivative also determines the dissolution rate
and eventual layer hydrophobicity. In the case of furanyl derivative of HA, the time of meshing
plays an important role. UV irradiation is used for its meshing. The time of irradiation is

preferably about 10 minutes.

Although the solid fibrous carrier might be prepared in various shapes and dimensions
varying according to specific application, its typical shape is the band, whose dimension is
suitable for ocular application. Such band is roughly of rectangular shape with following
dimensions — length from 5 to 100 mm, preferably 10 to 60 mm, width 1 to 20 mm, preferably 1
to 10 mm and thickness of fibrous layer is from 0.010 to 2 mm, preferably 0.01 to 1 mm.
Medical agent remains in solid fibrous carried until it is dissolved at its contact with aqueous

solution, for example with tear fluid in the eye.

The solid carrier comprising water-soluble nano-fibers in the form of the fibrous layer has
the advantage that it dissolves very quickly, most often within seconds, and therefore this
embodiment of present invention is very advantageous and unique. Eventual uncomfortable
feeling during the application of the preparation stops very quickly. Initial feeling however
assures the patient about proper application of the ophthalmologic preparation. Moreover, the
advantage of this preparation is that it provides explicit feedback, whether the medical agent was
or was not applied into the eye. If the application occurs, the fibrous carrier dissolves. For
example, if the patient with tremor misses the eye during the application, the solid fibrous carrier
remains in solid and thus easily determinable form and the patient can repeat the application.

Specific and very clearly defined dose of medical agent may thus be delivered into the eye.

The solid fibrous carrier in various embodiments of the preparation according to the
present invention contains water soluble nano-fibers with the content of native hyaluronic acid or
a pharmaceutically acceptable salt thereof and/or at least one pharmaceutically acceptable
derivative of hyaluronic acid and further it contains the synthetic polymer and the active agent.
Hyaluronan esters of C4-Cz fat acids and furanyl derivative of hyaluronic acid belong among
used derivatives of hyaluronic acid, preferably palmitoyl hyaluronan, caproyl hyaluronan, lauryl
hyaluronan, oleyl hyaluronan, butanoyl hyaluronan, Ilinoleyoyl hyaluronan and their

pharmaceutically acceptable salts of alkali metals, preferably sodium salt.
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These derivatives are especially preferable for the preparation of solid fibrous carriers of
biologically active agents. The solubility of the solid carrier in the form of fibrous layer may be
optimized for given application using the suitable type of derivative of hyaluronic acid of the
general formula I above, and as well as by its concentration in fibrous carrier. Properties and
parameters of the nano-fibers, and also of fibrous layers, may be adjusted by proper choice of
hyaluronic acid and/or the derivative thereof, eventually more derivatives. Moreover, the choice
of the type of hyaluronic acid may change the profile of medical agent release and it may be

prepared the best material for given application.

The pharmaceutical preparation according to the present invention for the use in
ophthalmology with high content of hyaluronic acid consists of native hyaluronic acid or
pharmaceutically acceptable salt thereof and/or pharmaceutically acceptable derivative of
hyaluronic acid of general formula I above and further of synthetic polymer (for example of
polyethylene oxide, polyvinyl alcohol and mixtures thereof) wherein hyaluronan concentration
ranges from 5 to 90 wt.%, preferably 10 to 90 wt.%, more preferably 50 to 80 wt.%, most
preferably 60 to 80 wt.%. The water soluble synthetic polymer for electrospinning is for example
polyethylene oxide, polyvinyl alcohol or mixtures thereof, that are added due to the preparation
of the fibrous layer. The amount of the water soluble synthetic polymer in nano-fibers ranges
from 10 to 95 wt.%, preferably 10 to 90 wt.%, more preferably 10 to 50 wt.%, most preferably
20 to 40 wt.%. The derivative of hyaluronic acid may completely replace native hyaluronan and
thus its concentration ranges from 5 to 90 wt.%, preferably 10 to 90 wt.%, more preferably 50 to
80 wt.%, most preferably 60 to 80 wt.% or may partially replace hyaluronan such that the
concentration of both (hyaluronic acid and the derivative thereof) ranges from 5 to 90 wt.%,
preferably 10 to 90 wt.%, more preferably 50 to 80 wt.%, most preferably 60 to 80 wt.%. The
amount of active agent, preferably ophthalmologically active agent, may range from 0.01 to 50
wt.%, preferably 0.1 to 50 wt.%. Its concentration than depends on the specific drug. Properties
and parameters of fibrous layers may be adjusted by the right choice of hyaluronic acid and/or
the derivative thereof, eventually more derivatives, while various rates of solubility at the contact
with the aqueous solution, solubility of polar and/or hydrophobic medical agents may be

achieved.

In tested embodiments according to the present invention, the solid fibrous carrier is
dissolved within 0.05 to 10 seconds, preferably 0.1 to 1 seconds, more preferably 0.05 to 0.5
second. Thanks to this fast disintegration of solid fibrous carrier, the ophthalmologic preparation
according to the invention may be thus easily administered by the untrained patient itself. The

application is simplified especially for patients suffering of tremor a/or for elderly patients, for
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whom is the administration of common eye medicaments such as eye drops, often complicated.
“Complete dissolution” of the solid fibrous carrier marks the state when the disintegration of the
solid fibrous carrier and thus also the dissolution of water soluble nano-fibers occurs so that
individual molecules of nano-fibers are hydrated. In the case of water soluble nano-fibers
according to the invention containing hyaluronic acid and/or at least one derivative thereof and
nano-fibers prepared thereof, the disintegration to individual chains of hyaluronic acid and/or the
derivatives thereof occurs. The complete dissolution thus means that 50% to 100% or preferably
70% to 100% and more preferably 90% to 100% of water soluble nano-fibers is disintegrated to
individual molecules. Water soluble nano-fibers of hyaluronan or the derivative thereof or the
mixture thereof is so completely dissolved immediately upon its contact with the aqueous

medium such as e. g. tear fluid, at the latest within 10 seconds.

In some embodiments of the present invention, the solid fibrous carrier in the form of the
fibrous layer is completely dissolved immediately upon its contact with aqueous medium such as
tear fluid, i.e. the time necessary for disintegration is to 10 seconds, more preferably to 1 second,

most preferably from 0.05 to 0.5 second.

Such embodiments of the present invention are especially advantageous, as they enable in
fact immediate application of medical agents into the eye of patients and it cause no pain,
irritation or uncomfortable feeling. In other words, the administration of the medical agent
occurs once the patient obtaining the preparation of present invention blinks. This is especially
advantageous in the cases, when the patient obtaining the treatment is not able of proper
application of conventional eye drops, e. g. he or she is not able to press the bottle properly or
suffers with tremor (patients with insufficient strength of hands and/or with neurodegenerative

disorder e. g. Parkinson’s disease).

As it was stated above, the present invention is, in the first place, the ophthalmologic
preparation for the treatment of ophthalmologic diseases and disorders, whereas this preparation
is in the form of the solid carrier in the form of the fibrous layer that contains at least one

medical agent, whereas this solid fibrous carrier is soluble at the contact with the eye.

Active agents, preferably ophthalmologically active agents, are in the ophthalmologic
preparation according to the present invention contained in the efficient amount that is defined as
the amount of active agent that is sufficient to achieve desired local or systemic effect and

efficiency at acceptable rate between the risk and the gain.



10

15

20

25

30

11

At least one the active agent is applied into the nano-fibers, resp. fibrous layer during its
production. The drug application into the fibrous layer is ensured by addition of the active agent
in the form of powder (spray) or a solution into the mixture/solution intended for the preparation
of the solid fibrous carrier. Then the active agent is contained in whole capacity of fiber. The
content of the active agent is uniform in fibers, thus also in the fibrous carrier. Moreover, it is

possible to prepare the fibrous carrier simply in one step of spinning.

Solid hydrophobic drugs are added in the form of micelles, wherein the body of a micelle
is formed by the derivative of hyaluronan according to the present invention and the drug is
encapsulated inside the micelle. Liquid hydrophobic drugs may be added in their own form
making an emulsion that is spun. To form micelles the emulsion must contain at least one
derivative of hyaluronan according to the invention and the hydrophobic ophthalmologic active

agent. The hydrophobic ophthalmologic active agent is a nonpolar agent, insoluble in water.

Moreover, the advantage of the ophthalmologic preparation is that it provides the clear
feedback, whether the medical agent was or was not applied into the eye. Once the application
occurs, the solid fibrous carrier dissolves. For example, in the case when the patient with tremor
misses the eye during the application, the solid fibrous carrier remains in solid and thus easily
recognizable form and the patient may repeat the application. Specific and very clearly defined
dose of the medical agent may be thus administered into the eye. Present invention comprises the
solid fibrous carrier containing one dose of the ophthalmologic preparation according to the

present invention.

The ophthalmologic preparation according to the invention may thus contain additional
pharmaceutically acceptable excipients selected from the group containing antioxidants, vitamins

or inorganic salts.

Excipients may be those that are solid in their standard form and at room temperature,
e.g. antioxidants, vitamins and inorganic salts or the combinations thercof. Among these
inorganic salts belong potassium chloride, sodium chloride, calcium chloride, magnesium
chloride, however, the use is not limited to these inorganic salts only. Antioxidants may be
tocopherol, tocotrienol, tocomonoenol or gamma-tocopherol (MDT) in limited amount (to 5%).
Antioxidants may be selected from the group containing alpha-, beta-, gamma-, delta-tocopherol,
alpha-, beta-, gamma-, delta-tocotrienol, alpha-, beta-, gamma-, delta-tocomonoenol, alpha-,

beta-, gamma-, delta-MDT and the mixtures thereof.
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The ophthalmologic preparation according to the invention may achieve, upon

dissolution, pH in the range 6 to 8, preferably around 7.

The present ophthalmologic preparation does not contain any preservatives. Thus, it is
possible to avoid eventual irritation that could cause some preservatives. Long-term stability of
the preparation is ensured by the solid fibrous carrier itself, whose method of preparation enables
to avoid preservatives. The ophthalmologic preparation is preferably packed sterile, i.e. in sterile
packets or blisters. The sterilization is performed using ethylene oxide (ETO) or gamma

irradiation.

For easier manipulation, the ophthalmologic preparation according to the invention may
be attached into a holder that is adapted for the ocular application of the ophthalmologic
preparation. The ophthalmologic preparation, preferably in the shape of the band, is attached into
the holder using usual procedures. The ophthalmologic preparation is inserted into the holder so
that the part of the band containing desired amount of drug remains free (Fig. 1). This is
preferable especially for patients with tremor and/or for elder patients. Further, it also enables the
preparation of the ophthalmologic preparation so small that the uncomfortable feeling during the

application is also minimalized and thus also the time of dissolution of solid fibrous carrier.

The present invention comprises the ophthalmologic preparation, whereas some
embodiments are then particularized for treatment and prevention of ophthalmologic states such
as ophthalmologic diseases and disorders. Some of preferable embodiments of the
ophthalmologic preparation according to the present invention may be used in the field of
ophthalmologic diseases or disorders such as glaucoma, syndrome of dry eye, macular

degeneration, infection, inflammation and allergy.

Definition of terms

All wt.% are relative to nano-fiber dry mass.

The term “ophthalmologic preparation” refers to the preparation prepared in a method so
that it is suitable for the administration to people e.g. the method of preparation suits the
conditions of Good manufacturing practices (GMP). The preparation is in solid form and it may
have the shape of the band. Typically, the preparation is produced from the solid fibrous carrier
that comprises nano-fibers with the content of HA or pharmaceutically acceptable salts thereof

and/or at least one derivative of HA of general formula I above and further, it contains water
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soluble synthetic polymer and at least one active agent and it may contain also additional

excipients.

The term “dissolved” means the result of the process of disintegration of the solid fibrous
carrier in the solvent to the extent that it is no longer registered by the patient to whom it was
administered or that the patient does not feel it. This process comprises separation and/or
dissolution of water soluble fibrous layer so that its structural integrity (inner structure) is disrupt

and it is no longer perceived by the patient as a (solid) foreign object.

The terms “hyaluronan”, “hyaluronic acid” and “HA” are interchangeable and refer to
anionic, non-sulfate, glycosaminoglycan distributed especially by connective, epithelium and

nervous tissue.

The term “active agent” refers herein to an agent that is to be administered, the agent able
to achieve the desired effect or the intended action. Such agent comprises, without limitation,
ophthalmologically active agent i.e. medical agent but also diagnostical agents and mixtures
thereof. The desired effect or intended action may comprise, without limitation, prophylactic
effect to organism, prevention of undesired effects (e.g. infection) and alleviation of the course
of the disease (e.g. alleviation of pain or infection caused by the disease) and/or alleviation or
complete elimination of the disease from the organism). The effect may be local or systemic.

Treated organisms are mammals, predominantly humans.

The term “water soluble synthetic polymer” means the biocompatible water soluble
synthetic polymer that may be independently electrostatically spun. It is pharmacologically

acceptable, and it does not cause any undesired local or systemic toxicity.

The term “ophthalmologic state” refers to the state, disease or disorder of the eye from
uncomfortable feeling registered by the patient without disease up to serious incurable eye
disease including adjacent tissues, fluids and eye muscles, where the disease is defined as a state
causing pain, dysfunction, suffering, social problems to affected person or similar problems to
those who are in contact with said person including injury, defects, disorders, syndromes,

infections and unique symptoms.

Brief description of the drawings

The present invention will be better understood with the submission of detailed

description along with the attached drawings.
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Fig. 1 shows the embodiment wherein a place intended for its attaching and manipulation
is part of the solid fibrous carrier. Solid fibrous carrier (1) that is attached to the holder (2) that

may be used once or repeatedly is displayed in detail.

Fig. 2 schematically displays the application of the solid fibrous carrier using the holder
(2) into the patient’s eye without him or her having to touch the eye. After the contact with tear

fluid occurs complete dissolution of solid fibrous carrier and active agents release.

Fig. 3 displays the fibrous layer of hyaluronic acid (molecular mass 81 000 g/mol; 79.6
wt.%) and polyethylene oxide (molecular mass 400 000 g/mol; 20 wt.%) containing octenidine

with concentration 0.4 wt.%. Fiber diameter 100 £+ 30 nm.

Fig. 4 shows fibrous layer of hyaluronic acid (molecular mass 76 000 g/mol; 58 wt.%)
and polyethylene oxide (molecular mass 400 000 g/mol; 20 wt.%) containing potassium iodide
of concentration 21 wt.% and 4 wt.% monosodium phosphate dihydrate. Fiber diameter 156 + 26

nm.

Fig. 5 displays fibrous layer of hyaluronic acid (molecular mass 137 000 g/mol; 79.83
wt.%) polyethylene oxide (molecular mass 400 000 g/mol; 3 wt.%) and polyvinyl alcohol
(molecular mass 190 000 g/mol; 17 wt.%) containing octenidine of concentration 0.17 wt.%.

Fiber diameter 102 + 30 nm.

Fig. 6 displays fibrous layer of palmitoyl HA (SS 68%; molecular mass 115 kDa, 79.83
wt.%) and polyethylene oxide (molecular mass 400 000 g/mol; 20 wt.%) containing octenidine

of concentration 0.17 wt.%. Fiber diameter 513 &+ 114 nm.

Fig. 7 displays nano-fibrous layer of metacroyl HA (SS 80%; molecular mass 93 kDa, 73
wt.%) and polyvinyl alcohol (molecular mass 190000 g/mol; 20 wt.%) containing

dexamethasone of concentration 7 wt.%.

Fig. 8 displays nano-fibrous layer of metacroyl HA (SS 80 %; molecular mass 93 kDa, 73
wt.%) and polyethylene oxide (molecular mass 600 000 g/mol; 20 wt.%) containing diclofenac

of concentration 7 wt.%.

Fig. 9 displays nano-fibrous layer of furanyl HA (SS 4%; molecular mass 115 000 g/mol,
79.8 wt.%) and polyethylene oxide (molecular mass 600 000 g/mol; 20 wt.%) containing

disinfectant brilliant green of concentration 0.2 wt.%.
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Examples of embodiments of the present invention

Example 1

Octenidine hydrochloride was incorporated in the solution for the preparation of fibrous
layer of hyaluronic acid and polyethylene oxide (PEO) in concentrations 0.17, 0.4 and 0.6 wt.%
of dry mass. Octenidine hydrochloride was dissolved in ethyl alcohol so that the concentration is
10 wt.%. Three additional solutions were then prepared of this stock solution containing
0.17/0.4/0.6 wt.% in the order octedine hydrochloride, 20 wt.% polyethylene oxide (molecular
mass 400 000 g/mol) and 79.83/79.6/79.4 wt.% in the order of hyaluronic acid (molecular mass
81 000 g/mol). The solution was filled in an injector and spun electrostatically on plate collector
using the voltage 80 kV and distance 20 cm between emitter and collector. Resulting fibrous

layer of areal mass 3 g/m? was cut to bands of dimensions 5x15 mm.

Example 2

Potassium iodide was incorporated in the solution for preparation of fibrous layer of
hyaluronic acid and polyethylene oxide in concentration 21 wt.% of dry mass, when additional 3
wt.% monosodium phosphate dihydrate was added. Concentration of hyaluronan (molecular
mass 76 000 g/mol) made 56 wt.%. Concentration of PEO (molecular mass 400 000 g/mol) was
20 wt.% of dry mass.

The solution was filled in an injector and spun electrostatically on plate collector using
voltage 60 kV and distance 20 cm between emitter and collector. Resulting fibrous layer of areal

mass 5 g/m* was cut to bands of dimensions 5x15 mm.

Example 3

Fibrous layers were prepared following the process stated in example 1, whereas the

agents that were used for the preparation, are stated in Table 1 bellow:
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Table 1
HA Degree of Molecular HA/HA-der Active agent Active agent Polymer molecular mass of | Polymer of | Time of
derivative substitution mass HA mass ratio content synth. Polymer the complete

[%o] [x1000 [wt.%] [x1000 g/mol] mixture dissolution
g/mol] thereof in the eye
[wt.% ] [sec]

Furanyl 2.2 81 1/9 octenidine 0.17 PEO 400 20 10
Furanyl 2.2 81 9/1 Octenidine 0.4 PEO 400 20 10
- - 82.3 10/0 Octenidine 0.17 PEO 600 20 0.1
- - 82.3 10/0 Octenidine 0.4 PEO 400 50 0.1
- - 82.3 10/0 Octenidine 0.17 PEO 600 20 0.1
Palmitoyl 68 76 0/10 Dexamethasone 6 PEO 400 10 1.5
Palmitoyl 68 76 0/10 Diclofenac 6 PEO 400 15 1.5
Metacroyl 80 93 0/10 Dexamethasone 7 PEO 600 20 1
Metacroyl 80 93 0/10 Diclofenac 7 PEO 600 50 1
Caproyl 88 115 5/5 Gentamycin 10 PEO 300 20 0.5
Furanyl 4 76 5/5 Dexamethasone 40 PEO 600 20 10
Palmitoyl 75 68 2/8 Naproxene 50 PEO 400 15 1.5
Caproyl 78 95 0/10 Octenidine 0.17 PVA 190 20 0.5
Caproyl 78 95 5/5 Dexamethasone 6 PVA 190 20 0.5
Caproyl 85 95 2/8 Diclofenac 6 PVA 190 50 0.5

- - 81 10/0 Gentamycine 10 PEO/PVA | 400/190 15/5 0.1
Furanyl 4 115 0/10 Dexamethasone 7 PEO/PVA | 600/80 15/5 10
Palmitoyl 65 137 5/5 carbetopendecium 5 PEO/PVA | 400/190 17/3 1.5
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CLAIMS

1. Ophthalmologic preparation containing hyaluronic acid, characterized in that,
it is in a form of a solid fibrous carrier that comprises water soluble nano-fibers

containing hyaluronic acid or a pharmaceutically acceptable salt thereof,

and/or at least one derivative of hyaluronic acid of a general formula |

O}
wherein R* is H* or pharmaceutically acceptable salt,

R is H or —-C(=0)CxHy or furanyl, where x is integer in the range 3 to 21 and y
IS integer in the range 7 to 43 and CxHy is linear or branched, saturated or unsaturated
chain C3-C21, one or more R-C(=0)CxHy or furanyl being at least in one repeating

unit and where n is in the range 12 to 4 000,

and at least one a water soluble synthetic polymer selected from the group
containing polyethylene oxide or polyvinyl alcohol,

and at least one active agent is contained in the whole capacity of nano-fibers.

2. Ophthalmologic preparation according to claim 1, characterized in that, the
derivative of hyaluronic acid is selected from the group containing palmitoyl
hyaluronan, caproyl hyaluronan, oleyl hyaluronan, butanoyl hyaluronan, linoleoyl

hyaluronan or furanyl hyaluronan.

3. Ophthalmologic preparation according to claim 1 or 2, characterized in that,
the active agent is selected from the group containing anti-allergic, antibiotic,
antimycotic, antineoplastic, anti-inflammatory, antiviral, antiglaucoma, antiseptic or

diagnostic agent.

. Ophthalmologic preparation according to claim 3, characterized in that, the active
agent is hydrophobic, and it is contained in the nano-fibers in the form of micelles.



10.

11.

12.

13.

18

Ophthalmologic preparation according to claims 3 or 4, characterized in that, the

content of the active agent is 0.01 to 50 wt.%, preferably 0.1 to 50 wt.%.

. Ophthalmologic preparation according to any one of claims 1 to 5, characterized in

that, the content of hyaluronic acid and/or derivative of hyaluronic acid or
pharmaceutically acceptable salts thereof is in the range 5 to 90 wt.%, preferably 10 to
90 wt.%, more preferably 50 to 80 wt.%.

. Ophthalmologic preparation according to claim 6, characterized in that, the mass

ratio of hyaluronic acid or salt thereof and derivative of hyaluronic acid is 1/9 to 9/1,
preferably 3/7 to 7/3.

. Ophthalmologic preparation according to any one of the claims 1 to 7, characterized

in that, the content of the synthetic polymer or the mixture thereof is in the range 10
to 95 wt.%, preferably 10 to 90 wt.%, more preferably 20 to 50 wt.%.

Ophthalmologic preparation according to the claim 8, characterized in that, the
mass ratio of polyethylene oxide and polyvinyl alcohol in the mixture is in the range
19/1 to 3/17.

Ophthalmologic preparation according to any one of the claims 1 to 9, characterized
in that, the nano-fibers have diameters in the range 50 to 1 000 nm, preferably 50 to

500 nm, more preferably 50 to 200 nm.

Ophthalmologic preparation according to any one of the claims 1 to 10, characterized
in that, it is in the form of the nano-fibrous layer, the areal mass thereof being in the
range 1 to 100 g/m?, preferably in the range from 1 to 20 g/m?, more preferably from 3
to 17 g/m2.

A holder comprising the ophthalmologic preparation according to any one of the
claims 1 to 11 for manipulation during the application of the ophthalmologic

preparation.

Use of an ophthalmologic preparation according to any one of claims 1 to 11 in the
manufacture of a medicament for the treatment or prevention of ophthalmologic
diseases and disorders selected from a group comprising glaucoma, syndrome of dry

eye, macular degeneration, infection, inflammation or allergy.



