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Self-supporting, biodegradable film based on hydrophobized hyaluronic acid, method of

preparation and use thereof

Field of the Art

The invention relates to a self-supporting biodegradable film based on hydrophobized
hyaluronic acid, method of preparation thereof and use thereof, especially in medical
applications thanks to its controlled solubility, biodegradability, surface morphology,

mechanical and other properties.
Prior Art

Hyaluronic acid or a salt thereof (HA) is a linear polysaccharide, which is composed
of repeating disaccharide units formed by glucuronic acid, which is bonded by B-1,3-
glycosidic bond to N-acetyl-glucosamine.

It is a substance which naturally occurs in the organism, where it is a part of the
extracellular matrix, acts as a lubricant in joints, eyes and the like. It also interacts with cell
receptors, whereby it is able to regulate the celis. Thanks to its properties, HA is
predetermined for use in various medical applications (Necas, Bartosikova et al. 2008). Since
HA dissolves very rapidly in an aqueous environment or in body fluids, it is necessary to
modify it for a number of applications. There are numerous types of modifications, e.g., the
preparation of a soluble form of HA derivatized by tyramine, which upon the addition of
crosslinking agents forms an insoluble hydrogel network (Calabro, Darr et al. 2004, Wolfova,
Pravda et al. 2013). The solubility of the HA chain may also be reduced by bonding
hydrophobic groups thereto (Valle and Romeo 1987, Smejkalova, Huerta-Angeles et al. 2014,
S¢udlovd, Beérak et al. 2014). Such a derivative is then insoluble in aqueous media and
soluble mostly in a mixture of water and an organic solvent (depending on the degree of
substitution by the hydrophobic chain, combined with the molecular weight).

The international patent application No. W02014082609 (Smejkalova, Huerta-
Angeles et al. 2014) relates to the preparation of hydrophobized hyaluronic acid as a carrier of
biologically active hydrophobic substances. The hydrophobization of hyaluronan is carried
out by an esterification reaction of hyaluronan with a long chain carboxylic acid, wherein the
activation is carried out by means of 2,4,6-trichlorobenzoic acid (TCBA) or another organic

chloride.
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One of the interesting application forms of hydrophobized hyaluronan is the
preparation of thin films for external or internal use. Films that are applicable in medical
applications are known, e.g., Seprafilm was used for the prevention of adhesions in repeated
laparotomy. Seprafilm is a transparent adhesion barrier composed of two anionic
polysaccharides, HA and carboxyrethyl cellulose, which were crosslinked together by 1-(3-
dimethyl aminopropyl)-3-ethyl carbodiimide hydrochloride (EDC) (Altuntas, Kement et al.
2008, Beck 2008).

On the experimental basis, several films containing HA were prepared, e.g., Luo,
Kirker et al. (2000). Also some patent documents disclose the preparation of a film made of
insoluble or crosslinked hyaluronan, optionally hyaluronan in a mixture with another polymer
(Becker, Dayton et al. 1996, Beck 2008). A hyaluronan layer was used also in the patent
document No. CN202822230, where, however, it was not a self-supporting film, and further,
only native hyaluronan was mentioned. Native hyaluronan together with lecithin, which was
added to enhance the hydrophobicity, was described in the article (Bialopiotrowicz, Janczuk
et al. 2006). Another film, used among others for the preparation of an antiadhesive barrier is
a film made of an epoxide derivative of hyaluronan, which is prepared by precipitation in an
organic solvent (EP2644623).

The films according to the patent application No. US20100092545 are prepared from
water-soluble or insoluble polymers, preferably from polyethylene oxide, the anticipated use
thereof is an alternative of oral drug forms. For that reason, it is very important that the
distribution of the drug is homogeneous (the variation among the samples up to 10 %) and
that during the preparation, no aggregation and redistribution of the drug occur. This is
achieved especially by the polymer being dosed in a high viscosity (which may be further
increased by the addition of other substances such as alginate, carrageenan, guar gum and
others), and stabilizers may be added as well, which prevent the aggregation and migration of
the drug. Moreover, a part of the solvent must be removed during the first 10 minutes so that a
viscoelastic film forms from the polymer solution, in which no migration or aggregation can
proceed, according to the authors. This is achieved by applying a high temperature, which,
however, in the case of hyaluronan and the derivatives thereof cannot be used since it would
lead to the degradation of the film. In US20100092545, the authors do not discuss the
resulting appearance of the film, which is affected by the adhesion of the film to the substrate
during the drying and after the drying. The roughness of the film surface is not determined

and influenced either. The film properties that could be modulated in this way, such as the
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swelling capacity and degradation rate, are not disclosed in the document. Regarding the

intended application, the authors prefer the films to dissolve in an agueous environment.

The patent document No. JP06025306 discloses a synthesis of highly substituted
acylated hyaluronan derivatives and the use thereof for the preparation of fibres and films.
The synthesis includes the preparation of a suspension of the polysaccharide in an organic
acid. Since it is a suspension, the polysaccharide is not perfectly dissolved in the system,
whereby caﬁsing inhomogeneous reactions and loss of compatibility of the polysaccharide in
the system. The authors state that the reaction is catalysed by a super acid — in this case by
superelectrophilic trifluoroacetic acid anhydride, which reacts vigorously with water.
Therefore, there is a high risk in the case of industrial processes. Residues of trifluoroacetic
acid, which is formed by anhydride hydrolysis when in contact with air humidity, may be
present in the products and pose a significant danger when using the derivatives in biomedical
applications (Maeda N. et al., 2014). Moreover, chlorinated solvents are used in the synthesis
of the derivative, the use thereof FDA does not recommend in medical devices due to a high
risk of the transfer of their residues into the fibres and films. The patent document mentions
the preparation of fibres and films just in general terms and it does not deal with the

determination of the properties thereof.

According to another US patent application No. US20120088832, the preparation of a
porous film based on hyaluronan and alginate is disclosed, wherein the film should be used in
medicine, especially as an antiadhesive preparation. The film is a crosslinked interpenetrating
network of a porous character. In the Examples of the said document, nothing is mentioned
about the swelling, biodegradation, solubility of the film and the determination of the residual

solvents is not included.

To prepare films, the patent document No. EP0216453 used hydrophobized
hyaluronan with esterified carboxylic groups of glucuronic acid, which were thus blocked and
inaccessible for the binding on the CD44 receptor. Low-molecular or aromatic alcohols were
used for the esterification. The method for preparing a self-supporting film includes
dissolving a HA ester in dimetylsulfoxide (DMSO), applying it on a glass after the
dissolution, the glass is immersed in ethanol which extracts DMSO (the film is not soluble in
ethanol) and then the film is peeled off the glass substrate, washed with ethanol, water and

again with ethanol. The resulting film is dried for 48 hours at 30 °C in a compression device.
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The patent document No. US20040192643 also mentions films made of
hydrophobized hyaluronan, preferably a benzoyl HA derivative. Again, substitution on
carboxyl is carried out, where in order to achieve the insolubility of hyaluronan 80 to 100% of
all carboxyl groups of HA are blocked. The method of film preparation corresponds to the
already mentioned method disclosed in EP216453 above. However, the drying takes place at

63 °C for 30 minutes in vacuum.

By means of DMSO extraction into another solvent, uncontrollable surface defects
may form, which could be unacceptable in some applications. Moreover, in case it is
necessary to use an extraction solvent, a low concentration of residual solvents in the final
product cannot be guaranteed. Furthermore, there is no mention of mechanical, physical or
biological properties of the films in the above mentioned documents Nos, EP0216453 and
US20040192643.

The patent document No. WO02010137374 discloses a self-supporting polymer
permeable membrane comprising a block copolymer, in which hydrophilic polymer and
hydrophobic polymer components are covalently bonded, wherein the hydrophilic polymer
component forms perpendicularly oriented cylindrical structures and the hydrophobic
polymer component is crosslinkable. Therefore, the membrane is composed of a covalently
crosslinked block copolymer. There is no mention of hyaluronic acid. As far as the process of
preparation of said Iﬁembrane is concerned, the presence of the so-called “sacrificing layer” is
neceSsaIy, which is present on the substrate. The solution of the block polymer is applied on
the “sacrificing layer”, wherein after the solvent is evaporated the hydrophobic polymer
component of the block copolymer is photo-crosslinked, and then the “sacrificing layer" must
be removed from the resulting membrane by means of dissolution, preferably in a solvent in

which the membrane itself is insoluble.

As mentioned above, the drawbacks of the up-to-now known films based on
hyaluronic acid include especially their multiple-step complicated preparation. Other known
processes of film preparation cannot be used for hyaluronan and derivatives thereof. The
authors of some patents or patent applications do not mention any possibility to affect the
solubility, swelling and biodegradability of the film, which is desirable in applications in
medical devices. The appearance of the film and the mechanical properties thereof may be
influenced by the repetitive contact with the solvent in the case of the process according to

EP0216453 or US20040192643 (ethanol, by means of which DMSO is extracted, is a
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precipitation agent of hyaluronan). Further, e.g., DMSO is used, which cannot be removed
within an acceptable time limit by means of drying. Another drawback is the use of large
numbers of solvents, which leads to a higher probability of the presence of residual solvents |
in the product. Some processes use, besides hyaluronan, also other polymers in order to
increase the insolubility of the final material, or to influence the properties of the initial

polymer solution.

Summary of the Invention

The above drawbacks of the prior art are overcome by the self-supporting film based
on hyaluronic acid ester according to the invention, the subject-matter of which lies in that it

comprises a Co-Cp-acylated hyaluronic acid derivative according to the general formula (T)

OR,
0._OR RO ) )
‘Eo 0
R,0 -

/
CH4CO

wherein R is H or Na*, and wherein R' is H or —C(=0)CHy, wherein x is an integer within
the range from 9 to 21 and y is an integer within the range from 11 to 43, preferably 19 to 43,
and C,Hy is a linear or branched, saturated or unsaturated Co—Cs; chain, wherein at least in
one repeating unit one or more Rlis —C(=0)CHy, and where n is within the range from 12 to
4000, preferably 250 to 4000, more preferably 250 to 2500, the most preferably 250 to 1000.
Preferably, the film according to the invention comprises palmitoyl hyaluronan, because
palmitic acid is degraded in the body by means of B-oxidation of fatty acids. Moreover, the

film according to the invention preferably comprises lauroyl hyaluronan.

The film according to the invention comprises Co-C2, acylated hyaluronan derivative
(i.e., hydrophobized hyaluronan), wherein one or more bonds in Cip-Cyz acyls may be
unsaturated and wherein the C;¢-Cz; acyl is preferably bonded only on the primary alcohol in
the position 6 of N-acetyl glucosamine. Therefore, carboxylic groups are not modified, their

retention is necessary for the interactions of hyaluronan with the CD44 receptor, which
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intermediates the interaction, adhesion and migration of the cells and which also participates
in the interaction of the cell with hyaluronan. It was proven that the higher the substitution
degree of the hyaluronan carboxyl, the worse the process of interaction of the cells with
hyaluronan is (Qiw, Li et al. 2014). From this point of view, it is advantageous not to carry out
the modification of the carboxyl and to focus on other reaction sites, which are primary and/or
secondary alcohol groups, especially where there is the requirement of higher substitution

degrees, which are necessary for most applications.

The film according to the invention prepared from Cio-Cp-acylated hyaluronic acid
derivative according to formula I above is non-cytotoxic with respect to cells, is
biocompatible and biodegradable, even in case of using a highly substituted derivative
(including 100% substitution degree by the acyl). For applications in medicine, where there is
the prerequisite that the film will be mechanically stressed (antiadhesive barriers, tissue
engineering etc.), it is more preferable to use a form which is insoluble in aqueous media, i.e.,
a film according to the invention, instead of the covalently crosslinked form that is often
fragile upon swelling. The film according to the invention forms a resistant elastic membrane
upon hydration, which can be subjected to a mechanical stress to a certain degree (by means

of elongation, bending, compression).
The films are non-cytotoxic with respect to cells (in vitro testing).

According to a preferred embodiment of the invention, the film comprises acylated
derivatives of hyaluronic acid, having the molecular weight from 1 x 10° to 1 x 10° g/mol,
preferably from 1 x 10° to 5x10° g/mol, more preferably from 2 x 10° to 3 x 10° g/mol.

According to another preferred embodiment of the invention, the film comprises acylated
derivatives of hyaluronic acid, having the substitution degree within the range from 15 to
160%, preferably 50 to 100%, more preferably 80 t0100%.

The substitution degree of 100% means that every primary alcoholic group (-C6) of the
hyaluronan dimer is substituted by one aliphatic chain. The substitution degree above 100%
means that besides every primary alcoholic group (-C6) of the dimer, also some secondary
alcoholic groups (-C4 on N-acetylglucosamine or -C2 or -C3 on glucuronic acid) are

randomly substituted.
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Surprisingly, it was found out that the film according to the invention is biodegradable
even in case of using a derivative having a high substitution degree, which is between 80 to
100%, and even up to 160%.

According to another preferred embodiment of the invention, the film has the thickness
within the range from 2 to 100 um, preferably within the range from 5 to 25 um and the
Young's modulus within the range from 1 to 5000 MPa in the dry state, preferably within the
range from 500 to 5000 MPa, more preferably from 1000 to 3000 MPa.

In the case of dry non-hydrated films according to the invention, the Young's modulus is
independent of the substitution degree, the substituent and the molecular weight of HA. In the
hydrated state, it is very difficult to quantify the Young’s modulus due to technical reasons,
however, visual tests enable to evaluate that with the decreasing molecular weight the
toughness of the film decreases, the film becomes more fragile. Also, with an increasing

substitution degree, the Young’s modulus in the hydrated state is increasing.

According to another preferred embodiment of the invention, the surface roughness RMS
(root mean square) of at least one of the film surfaces is within the range from 0.5 to 100 nm,

preferably within the range from 0.5 to 2 nm.

According to another preferred embodiment of the invention, the film may comprise
biologically active substances which are selected from the group comprising pharmaceutically
and cosmetically active substances, preferably vitamins, drugs, preferably cytostatics,
steroids, further phytoextracts, phytocomplexes or phytoactive substances and the like.

The unique features of the film according to the invention are: 1) the film is composed of
hydrophobized hyaluronan only, 2) no synthetic polymers are used, 3) the film does not
comprise any toxic solvents, 4) the eventual residual solvents are non-toxic and are below the
limits for medical use, 5) the swelling capacity and solubility of the film can be controlled by
modifying the substitution degree of hyaluronan, 6) the film degradation rate can be
controlled by modifying the substitution degree of hyaluronan, 7) the film is not deformed on
the surface and the thickness thereof is homogeneous, 8) the surface appearance of the film
can be controlled, 9) the mechanical properties of the film can be controlled, especially in the
hydrated form thereof, 10) the RMS roughness of at least one of the film surfaces may be
below 2 nm, 11) the film thickness can be controlled, 12) the film is non-adherent for cells,
13) the film does not comprise the so-called "skin surface". The "skin surface” is a surface
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crust due to which the film would deform, twist and under which bubbles could form. It forms
during the drying of a polymer solution in air when often a layer of highly concentrated
polymer appears near the surface. This layer possesses significantly different rheological
properties with respect to the rest of the film. The drying of the film according to the
invention proceeds in such a way that the film is not open to its surroundings (it is being dried
in a closed space), and consequently it is being dried more slowly and a higher tension of
solvent vapours exists above the solution. Such arrangement helps to prevent the formation of
the surface crust. Surprisingly, it was found out that even in case the humidity in the closed

space during the film drying was low, the surface crust did not form.

No residues of hydrophobization agents that could originate in the substrate on which

the film is being prepared have been found in the films according to the invention.

Compared to the prior art processes, the method of preparation of the film according to
the invention is very simple and it consists in dissolving the hydrophobized hyaluronan (of
any disclosed molecular weight and of any disclosed substitution degree) in the respective
solvent, applying the respective amount thereof on a defined substrate, and evaporating the
solvent in an arrangement where there is a higher vapour tension of the solvent above the
solution being dried in a closed space. The solvent evaporation is carried out either by means
of free evaporation of the solvent or by heating the lower surface of the film lying on the
substrate while heating or cooling the upper surface of the film (drying in a temperature
gradient and in a closed space). Therefore, the method of preparation of the film according to
the invention is very cheap and simple. It is also important that the surface of the film
according to the invention is very smooth (RMS up to 2 nm) on the side adjoining to the
substrate (i.e., the lower surface of the film). The opposite side of the film (i.e., the upper
surface of the film) is rougher depending on the drying conditions and on the type of the

derivative.

According to another aspect, the invention further relates to the method of preparation
of the film according to the invention which consists in that a solution comprising a Cyp-Cpo-
acylated hyaluronic acid derivative according to the general formula (T) above in a mixture of
water and C;-C¢ alcohol, preferably ethanol or propan-2-ol, is prepared, which is stitred, then

it is applied on a substrate and dried in a closed space, whereupon it is removed from the

substrate.
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According to another preferred embodiment of the method according to the invention,
the amount of the C;o-Cp-acylated hyaluronic acid derivative in the solution is within the
range from 0.5 to 3 wt.%, the content of the C;-Cs alcohol, preferably ethanol or propan-2-ol,
is within the range from 25 to 55 v0l.% and the content of water in the solution is within the
range from 45 to 75 vol.%. The prepared solution has a relatively low viscosity whereby the

formation of bubbles at stirring and dosing the solution is prevented.

According to another preferred embodiment of the method according to the invention,

the solution is stirred for 20 to 72 hours, preferably 20 to 48 hours.

According to another preferred embodiment of the method according to the invention,
the drying of the film is carried out in a closed space at the temperature of 20 °C to 50 °C,
preferably 30 °C to 40 °C; for 3 to 6 hours, preferably 4 to 5 hours.

According to another preferred embodiment of the method according to the invention,
the drying of the film is carried out in a temperature gradient, which is performed by heating
the lower surface of the film lying on the substrate to a temperature which is higher by at least
1 °C than the temperature to which the opposite upper surface of the film is heated or cooled.
Preferably, the lower surface of the film lying on the substrate is heated to a temperature
within the range from 20 °C to 60 °C and the opposite upper surface of the film is heated or
cooled to a temperature within the range from 10 °C to 59 °C. More preferably, the lower
surface of the film lying on the substrate is heated to the temperature of 50 °C and the
opposite upper surface of the film is cooled to the temperature of 20 °C. When applying the

temperature gradient, the film is being dried in a closed space.

According to another preferred embodiment of the method according to the invention,

the solution is dried in the temperature gradient for 6 to 12 hours, preferably 6 hours.

The advantage of the preparation of the film according to the invention is the fact that
the film is insoluble in aqueous media and that it is formed only by the acylated hyaluronan
according to the general formula I defined above, without the necessity of adding crosslinking
agents and of further freatment. The film according to the invention also comprises a high

amount of dry matter, preferably more than 85%.

The solution of the acylated hyaluronan derivative used for the preparation of films
according to the invention may be preferably modified in various ways, biologically active

substances may be mixed into the solution, the biologically active substances being selected
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from the group comprising pharmaceutically and cosmetically active substances, preferably
vitamins, drugs, preferably cytostatics, steroids, further phytoextracts, phytocomplexes or

phytoactive substances and the like.

According to another preferred embodiment of the method according to the invention,
the substrate is a polymer selected from the group comprising polyvinyl aicohol,
polypropylene, polyethylene, polyoxymethylene or polystyrene. Moreover, the substrate may
be hydrophobized glass. In a preferred embodiment, hydrophobized glass is used. The contact
wetting angle of the substrate surface by demi water is within the range from 30° to 120°,
preferably 50° to 70°.

The advantage of the above disclosed method according to the invention is, beside the
simplicity thereof, also the possibility of preparing a film having a very smooth surface from
the side of the substrate (i.e., with a very smooth lower surface of the film) by choosing a
suitable substrate that is very smooth itself.

The possibility of influencing the deformation and the overall appearance of the film
appears t0 be very useful, the influencing being effected by affecting the adhesion
(interaction) of the polymer solution, the drying and the dried film to the substrate on which
the solution is applied and on which the drying takes place. It is preferred that the polymer
film is fully adhered to the substrate, it does not spontaneously peel off and, at the same time,

that the film may be removed from the substrate just by applying minimal strength.

A good wettability of the substrate surface by the polymer solution is the first stage of
adhesion. The adhesion of the drying and the dried film according to the invention to the
substrate and thus the appearance of the film can be influenced by the selection of a substrate
having various wettabilities of the surface, expressed by the contact angle. For each type of
the derivative (different modification, different molecular weight and different substitution
degree), a substrate having a totally specific value of wettability may be preferably used. In
case of well adhered films their surface is flat after they are peeled off, in case of less adhered
films or non-adhering films the surface thereof is more or less deformed or shrank. Preferably,

hydrophobized glass is used as the substrate.

The film is prepared by evaporating a mixture of an organic solvent (typically C;-Ce
alcohol) with water. The surface of the thus prepared film has the surface appearance and the
RMS roughness controlled by the selection of optimal solvents, derivative, drying conditions
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and the substrate and may be prepared as transparent. The film thickness is from 2 to 100 pm,
preferably from 5 to 25 pm. Since the film is prepared on a substrate the wettability of which
may be modulated, the adhesion of the film to the substrate and thus also the morphology of
the film surface may be influenced.

The preparation of the film proceeds in the following manner: the solution of an
acylated hyaluronan derivative having a relatively low viscosity, after having been stirred
sufficiently, is applied on a suitable substrate and is dried. The low viscosity of the solution
that is applied on the substrate prevents the formation of bubbles when stirring and dosing the
solution. Then the film is removed from the substrate. The drying time ranges from 5 to 12
hours, depending on the volume and concentration of the solution and further on the set
temperatures and the solvent used. The film comprises less than 0.02% of the solvent, e.g.,
ethanol or propan-2-o), whereby safely fulfilling the requirements on the amount of the
residual solvents for medical use. Such material may be used for the construction of a medical
device. The advantage of the method of preparation of such a film according to the invention
is that the film is insoluble in aqueous media and is composed only of the modified

hyaluronan, without the necessity of adding crosslinking agents and of further treatment.

The film according to the invention can be used according to the invention, e.g., for
the production of antiadhesive bartiers and for other applications in human and veterinary
medicine. The degradation of the film in the human body can be modulated by the molecular
weight of the derivative used and by the substitution degree of hyaluronan by the akyl, and
ranges between several hours and several months. The acylated hyaluronan derivatives, as

well as the films prepared therefrom, are degradable in vitro.

The swelling capacity of the film, or the solubility thereof, is also controlled by the
molecular weight of the derivative used and by the substitution degree of the hyaluronan
chain by the Cyo-Cy; akyl.

It is important that as opposed to the derivatives disclosed in the prior art patent
documents, the film according to the invention comprises only the C;¢-Cyp-acylated
hyaluronic acid derivative that has retained all of its carboxylic groups of glucuronic acid,

which are the groups being responsible for the biological properties of hyaluronan.
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Another aspect of the invention is the influencing of the surface appearance of the film
by means of influencing the adhesion of the dried polymer to the substrate on which the film

is prepared. The result thereof may be a very flat film without creasing or shrinking.

According to yet another embodiment, the film according to the invention, as defined
above, is used in medical applications, biotechnology applications or as a support for the
deposition of active components. Preferably, it is used for the construction of a medical
device, such as antiadhesive barriers, since cells do not adhere thereto. Further, the preferred
medical applications in which the film according to the invention may be used include, for
example, medical pharmaceutical applications, such as the treatment of chronic and acute

wounds, or, e.g., dental applications.

Definitions of the Terms

The term “substitution degree” means the number of Cy3-Cao acyls bound to 100 hyaluronan
dimers. For example, the substitution degree of 20% means that 20 of each 100 hyaluronan
dimers are substituted by Cy¢-Cx acyls. During the substitution, the hydrogen atom on the
primary hydroxyl group of N-acetyl-glucosamine or on the secondary OH groups of

glucuronic acid is substituted by a C;0-Cps acyl.
The term “film” means a self-supporting thin polymer sheet, a planar structure.

The term “film area” means the area of the film calculated from the dimensions thereof (in

mz).

The term “medical device” means an aid usable by itself or in combination with any
accessories for a specific use for diagnostic or medical purposes, such as an antiadhesive

bartier.

The term “closed space” means a space in which the drying of the film is carried out at a
specific temperature or in a temperature gradient and which is closed without the free access

of ambient air.

The term “conditioned medium” means a THP-1 (human monocyte cancer cell line)
conditioned medium, which is a standard RPMI medium (Roswell Park Memorial Institute
medium) enriched with 10% fetal bovine serum in which human cell line THP-1 cells were
cultured continuously for 7 days. The THP-1 cells are used as a model of human monocytes

and they produce, besides a number of growth factors and cytokines, also enzymes causing
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the degradation of extracellular matrix components; especially matrix metalloproteinases,
hyaluronidases or esterases. Before using or freezing, the medium was centrifuged and

filtered through 0.22 pm filter in order to ensure purity and sterility.

Description of Drawings:

Fig. 1: effect of the adhesion of the film (a,b) on the basis of the oleyl derivative of sodium
hyaluronate on the surface appearance thereof (c)

Fig. 2: effect of the adhesion of the film on the basis of the palmitoyl derivative of sodium
hyaluronate on the surface appearance thereof

Fig. 3: comparison of the films prepared according to Examples 2 (b) and 18 (a) after 3 weeks
of degradation in a conditioned medium

Fig. 4: Proof of the presence of HA-based oligosaccharides in the solution of the film
according to Example 5 (DS =20%) after incubation in DMEM (Dulbecco’s modified
Eagle’s medium) with an addition of an enzyme, by means of HPLC. The figure shows 3
chromatograms corresponding to (i) separation of HA oligosaccharide standards (standard
HA2 (g = 4.1 min), HA4 (fx = 12 min), HA6 (fg = 18.1 min), HA8 (g = 22.9 min)), (ii) a
blank sample - DMEM with an addition of an enzyme and (iii) solution in which the
incubation of the film was carried out.

Fig. 5: morphology of the film prepared according to Example 16 from the substrate side

Fig. 6: viability of the suspension THP-1 cells after 24 and 72 hours of incubation with the film
prepared according to Example 1 based on the palmitoyl derivative of sodium hyaluronate

Fig. 7: induction of the cell death after 24 hours of incubation with the film prepared according
to Example 1 based on the palmitoyl derivative of sodium hyaluronate

Fig. 8: induction of the cell death after 72 hours of incubation with the film prepared according
to Example 1 based on the palmitoy! derivative of sodium hyaluronate

Fig. 9: contact inhibition of the growth of mouse 3T3 Swiss fibroblasts caused by the film
prepared according to Example 1.

Fig. 10: cell antiadhesive properties of the film, A - the film prepared according to Example 17,
upper surface of the film, B - the film prepared according to Example 17, lower surface of the
film, C - the film prepared according to Example 2, upper surface of the film, D - the film
prepared according to Example 2, lower surface of the film, CTRL - control
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Examples

Example 1. Preparation of the film based on palmitoyl derivative of sodium hyaluronate

100 mg of palmitoyl derivative of sodium hyaluronate having the substitution degree of 100%
and molecular weight 2.8 x 10° g/mol were dissolved in 20 ml of 55% solution of propan-2-ol
and stirred for at least 72 hours. After stirring, the solution was dosed on a hydrophobized glass
having the wettability by demi water of 61° (+/- 2°) and dried in a closed space, in a
temperature gradient at the temperature of the lower plate 50 °C and the temperature of the
upper plate 40 °C for 12 hours. After drying, the film was evaluated, removed from the
hydrophobized glass and characterized. The thickness of the thus prepared film was determined
to be about 15 um. The dry matter was determined to be around 92%.

Example 2. Preparation of the film based on palmitoyl derivative of sodium hyaluronate

100 mg of palmitoyl derivative of sodium hyaluronate having the substitution degree of 100%
and molecular weight 2.12 x 10° g/mol were dissolved in 20 ml of 55% solution of propan-2-ol
and stirred for at least 48 hours. After stirring, the solution was dosed on a hydrophobized glass
having the wettability by demi water of 61° (+/- 2°) and dried in a closed space, in a
temperature gradient at the temperature of the lower plate 50 °C and the temperature of the
upper plate 20 °C for 6 hours. After drying, the film was evaluated, removed from the
hydrophobized glass and characterized. The thickness of the thus prepared film was determined
to be about 15 pm.

Example 3. Preparation of the film based on palmitoyl derivative of sodium hyaluronate

100 mg of palmitoyl derivative of sodium hyaluronate having the substitution degree of 55%
and molecular weight 6.0 x 10° g/mo] were dissolved in 20 ml of 50% solution of ethanol and
stirred for at least 20 hours. After stirring, the solution was dosed on a polyethylene substrate
having the wettability by demi water of 79° (+/- 4°) and dried in a closed space, in a
temperature gradient at the temperature of the lower plate 30 °C and the temperature of the
upper plate 29 °C for 12 hours. After drying, the film was evaluated, removed from the
substrate and characterized. The thickness of the thus prepared film was determined to be about

15 pm.
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Example 4. Preparation of the film based on palmitoyl derivative of sodium hyaluronate

50 mg of palmitoyl derivative of sodium hyaluronate having the substitution degree of 31% and
molecular weight 9.9 x 10° g/mol were dissolved in 20 ml of 45% solution of ethanol and
stirred for at least 20 hours. After stirring, the solution was dosed on a hydrophobized glass
having the wettability by demi water of 61° (+/- 2°) and dried in a closed space by evaporating
the solvent at the temperature of 30 °C for 4 hours. After drying, the film was evaluated,
removed from the substrate and characterized. The thickness of the thus prepared film was

determined to be about 8§ um.

Example 5. Preparation of the film based on palmitoyl derivative of sodium hyaluronate

100 mg of palmitoyl derivative of sodium hyaluronate having the substitution degree of 20%
and molecular weight 2.4 x 10° g/mol were dissolved in 20 mi of 25% solution of ethanol and
stirred for at least 20 hours. After stirring, the solution was dosed on a polystyrene substrate
having the wettability by demi water of 102° (+/- 4°) and dried in a closed space, in a
temperature gradient at the temperature of the lower plate 50 °C and the temperature of the
upper plate 20 °C for 12 hours. After drying, the film was evaluated, removed from the
substrate and characterized. The thickness of the thus prepared film was determined to be about

15 pm.
Example 6. Preparation of the film based on erucoyl derivative of sodium hyaluronate

100 mg of erucoyl derivative of sodium hyaluronate having the substitution degree of 160%
and molecular weight 2.04 x 10° g/mol were dissolved in 20 ml of 60% solution of propan-2-ol
and stirred for at least 20 hours. After stirring, the solution was dosed on a polypropylene
substrate having the wettability by demi water of 105° (+/- 2°) and dried in a closed space by
evaporating the solvent at the temperature of 50 °C for 3 hours. After drying, the film was
evaluated, removed from the substrate and characterized. The thickness of the thus prepared

film was determined to be about 15 pm.

Example 7. Preparation of the film based on lauroyl derivative of sodium hyaluronate

100 mg of lauroyl derivative of sodium hyaluronate having the substitution degree of 64% and

molecular weight 3.2 x 10° g/mol were dissolved in 20 ml of 50% solution of propan-2-ol and
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stirred for at least 20 hours. After stirring, the solution was dosed on hydrophobized glass
having the wettability by demi water of 50° (+/- 3°) and dried in a closed space, in a
temperature gradient at the temperature of the lower plate 50 °C and the temperature of the
upper plate 20 °C for 6 hours. After drying, the film was evaluated, removed from the substrate
and characterized. The thickness of the thus prepared film was determined to be about 15 pm.

Example 8. Preparation of the film based on lauroyl derivative of sodium hyaluronate

100 mg of lauroyl derivative of sodium hyaluronate having the substitution degree of 90% and
molecular weight 1.88 x 10° g/mol were dissolved in 20 ml of 50% solution of propan-2-ol and
stirred for at least 20 hours. After stirring, the solution was dosed on hydrophobized glass
having the wettability by demi water of 61° (+/- 2°) and dried in a closed space by evaporating
the solvent at the temperature of 20 °C for 6 hours. After drying, the film was evaluated,
removed from the substrate and characterized. The thickness of the thus prepared film was

determined to be about 15 pm.

Example 9.  Preparation of the film based on oleyl derivative of sodium hyaluronate

100 mg of oleyl derivative of sodium hyaluronate having the substitution degree of 20% and
molecular weight 2.8 x 10° g/mol were dissolved in 20 ml of 50% solution of propan-2-ol and
stirred for at least 20 hours. After stirring, the solution was dosed on a polyvinylchloride
substrate having the wettability by demi water of 95° (+/- 5°) and dried in a closed space, in a
temperature gradient at the temperature of the lower plate 50 °C and the temperature of the
upper plate 20 °C for 6 hours. After drying, the film was evaluated, removed from the substrate

and characterized. The thickness of the thus prepared film was determined to be about 15 pm.
Example 10. Preparation of the film based on oleyl derivative of sodium hyaluronate

300 mg of oleyl derivative of sodium hyaluronate having the substitution degree of 20% and
molecular weight 2.8 x 10° g/mol were dissolved in 20 ml of 30% solution of propan-2-ol and
stirred for at least 20 hours. After stirring, the solution was dosed on hydrophobized glass
having the wettability by demi water of 57° (+/- 3°) and dried in a closed space, in a
temperature gradient at the temperature of the lower plate 50 °C and the temperature of the
upper plate 20 °C for 12 hours. After drying, the film was evaluated, removed from the
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substrate and characterized. The thickness of the thus prepared film was determined to be about
40 pm.

Example 11. Preparation of the film based on oleyl derivative of sodium hyaluronate

300 mg of oleyl derivative of sodium hyaluronate having the substitution degree of 20% and
molecular weight 2.8 x 10° g/mol were dissolved in 20 mi of 30% solution of propan-2-ol and
stirred for at least 20 hours. After stirring, the solution was dosed on hydrophobized glass
having the wettability by demi water of 107° (+/- 1°) and dried in a closed space, in a
temperature gradient at the temperature of the lower plate 50 °C and the temperature of the
upper plate 20 °C for 12 hours. After drying, the film was evaluated, removed from the
substrate and characterized. The thickness of the thus prepared film was determined to be

about 40 pm.

Example 12. Preparation of the film based on caprinyl (C10) derivative of sodium

hyalurondte

100 mg of caprinyl (C10) derivative of sodium hyaluronate having the substitution degree of
87% and molecular weight 2.50 x 10° g/mol were dissolved in 20 ml of 50% ethanol and stirred
for at least 20 hours. After stirring, the solution was dosed on hydrophobized glass having the
wettability by demi water of 61° (+/- 2°) and dried in a closed space, in a temperature gradient
at the temperature of the lower plate 60 °C and the temperature of the upper plate 40 °C for 10
hours. After drying, the film was evaluated, removed from the substrate and characterized. The
thickness of the thus prepared film was determined to be about 15 pum, the dry matter was
determined to be around 92%. The swelling capacity of the film was determined to be more

than 100% (variation of the film area was measured) in equilibrium state.
Example 13. Preparation of the film based on behenoyl derivative of sodium hyaluronate

100 mg of behenoyl derivative of sodium hyaluronate having the substitution degree of 16%
and molecular weight 3.3 x 10° g/mol were dissolved in 20 ml of 50% solution of propan-2-ol
and stirred for at least 20 hours. After stirring, the solution was dosed on a polypropylene
substrate having the wettability by demi water of 105° (+/- 2°) and dried in a closed space, in a
temperature gradient at the temperature of the lower plate 50 °C and the temperature of the
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upper plate 20 °C for 6 hours. After drying, the film was evaluated, removed from the substrate

and characterized. The thickness of the thus prepared film was determined to be about 15 pm.

Example 14. Preparation of the film based on lauroyl derivative of sodium hyaluronate

100 mg of lauroyl derivative of sodium hyaluronate having the substitution degree of 29%
and molecular weight 1.88 x 10° g/mol were dissolved in 20 ml of 50% solution of propan-2-
ol and stirred for at least 20 hours. After stirring, the solution was dosed on hydrophobized
glass having the wettability by demi water of 61° (+/- 2°) and dried in a closed space, in a
temperature gradient at the temperature of the lower plate 50 °C and the temperature of the
upper plate 20 °C for 7 hours. After drying, the film was evaluated, removed from the

substrate and characterized. The thickness of the thus prepared film was determined to be
about 15 pm.

Example 15. Preparation of the film based on oleyl derivative of sodium hyaluronate

100 mg of oleyl derivative of sodium hyaluronate having the substitution degree of 15% and
molecular weight 2.8 x 10° g/mol were dissolved in 20 ml of 50% solution of propan-2-ol and
stirred for at least 48 hours. After stirring, the solution was dosed on hydrophobized glass
having the wettability by demi water of 61° (+/- 2°) and dried in a closed space, in a
temperature gradient at the temperature of the lower plate 50 °C and the temperature of the
upper plate 20°C for 12 hours. After drying, the film was evaluated, removed from the

substrate and characterized. The thickness of the thus prepared film was determined to be

about 15 pum.

Example 16. Preparation of the film based on palmitoyl derivative of sodium hyaluronate

100 mg of palmitoyl derivative of sodium hyaluronate having the substitution degree of 34%
and molecular weight 2.67 x 10° g/mol were dissolved in 20 m! of 50% solution of ethanol
and stirred for at least 48 hours. After stirring, the solution was dosed on hydrophobized glass
having the wettability by demi water of 61° (+/- 2°) and dried in a closed space, in a
temperature gradient at the temperature of the lower plate 50 °C and the temperature of the
upper plate 20°C for 12 hours. After drying, the film was evaluated, removed from the

substrate and characterized. The thickness of the thus prepared film was determined to be

about 15 pm.
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Example 17. Preparaﬁon of the film based on palmitoyl derivative of sodium hyaluronate

100 mg of palmitoyl derivative of sodium hyaluronate having the substitution degree of 60%
and molecular weight 2.8 x 10° g/mol were dissolved in 20 ml of 50% solution of ethanol and
stirred for at least 48 hours. After stirring, the solution was dosed on hydrophobized glass
having the wettability by demi water of 61° (+/- 2°) and dried in a closed space, in a
temperature gradient at the temperature of the lower plate 50 °C and the temperature of the
upper plate 20°C for 12 hours. After drying, the film was evaluated, removed from the
substrate and characterized. The thickness of the thus prepared film was determined to be about

15 pm.
Example 18. Preparation of the film based on palmitoyl derivative of sodium hyaluronate

100 mg of palmitoyl derivative of sodium hyaluronate having the substitution degree of 31%
and molecular weight 2.7 x 10° g/mol were dissolved in 20 ml of 50% solution of propan-2-ol
and stirred for at least 20 hours, After stirring, the solution was dosed on hydrophobized glass
having the wettability by demi water of 61° (+/- 2°) and dried in a closed space, in a
temperature gradient at the temperature of the lower plate 50 °C and the temperature of the
upper plate 20 °C for 12 hours. After drying, the film was evaluated, removed from the
substrate and characterized. The thickness of the thus prepared film was determined to be about

15 pm.
Example 19. Preparation of the film based on lauroyl derivative of sodium hyaluronate

100 mg of lauroyl derivative of sodium hyaluronate having the substitution degree of 58% and
molecular weight 1.88 x 10° g/mol were dissolved in 20 ml of 50% solution of propan-2-ol and
stirred for at least 48 hours. After stirring, the solution was dosed on hydrophobized glass
having the wettability by demi water of 61° (+/- 2°) and dried in a closed space, in a
temperature gradient at the temperature of the lower plate 20 °C and the temperature of the
upper plate 10°C for 12 hours. After drying, the film was evaluated, removed from the
substrate and characterized. The thickness of the thus prepared film was determined to be about

15 pm.
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Example 20. Comparison of substrate wettabilities obtained by wusing various

hydrophobization agents

The glass intended for hydrophobization was first cleaned thoroughly so that the resulting
demi water wettability would not be above 10°. Then the hydrophobization of the glass was
conducted. For the hydrophobization of the glass, the following hydrophobization agents were
used:  chlorotrimethylsilane  (CTMS), (3-aminopropyl)trimethoxysilane (APTMS)
and octadecyltrichlorosilane (OTS). The resulting values of the glass wettability (with the
concentration of the agent being 1%) are listed in Table 1. Moreover, for CTMS, various
concentrations of the agent in hexane were tested. The obtained values of the measured glass

wettabilities are listed in Table 2.

Table 1: glass wettability expressed by the contact angle upon hydrophobization by an agent

having the concentration of 1%

Agent (1%) Solvent CA
CTMS hexane approx. 70°
hexane approx. 90°
APTMS acetone approx. 70°

dichloromethane | approx. 90°

ethanol (96%) approx. 66°
OTS toluene approx. 105°

propan-2-ol approx. 103°

CA means contact angle

Table 2: glass wettability expressed by the contact angle upon hydrophobization by various

concentrations of CTMS in hexane

Concentration of CTMS CA
0.10% approx. 50°
0.50% approx. 60°
1% approx. 70°

3-5% <80°

CA means contact angle

Example 21. Determination of the hydrophobization agent residues in the film prepared

according to Example 1

Trimethylsilanol was analysed as a residuum of trimethylsilyl chloride after its reaction with

the —OH groups of the hyaluronan derivative. The analysis was carried out on a gas



10

15

20

25

30

WO 2016/141903 PCT/CZ2016/000027
21

chromatograph equipped with a headspace sampler and a mass spectrometry detector in the
form of a simple quadrupole. A sample of the film prepared according to Example 1 was
dissolved to the concentration of 6 mg/ml in 50 % (vol./vol.} propan-2-ol and upon
dissolution, 4.75 ml of the sample and 0.25 ml of n-butanol (1 mg/ml), which acted as an
internal standard, were pipetted into a vial. A stock solution of trimethylsilyl chloride (1
mg/ml) was prepared in 50 % propan-2-ol as well, which reacted to trimethylsilanol
immediately. From this solution, a calibration series ranging from 0.5 to 15.0 pg/ml was
prepared, with the addition of n-butanol as an internal standard. No analysed film sample
proved the presence of trimethylsilanol in a concentration higher than the ﬁrsf calibration

point, 1.e., the content of trimethylsilanol in the film samples was lower than 0.008 wt.%.

Example 22. Effect of the adhesion of the film based on an oleyl derivative of sodium

hyaluronate on the surface appearance thereof

The films prepared according to Examples 10 and 11 were prepared on two glasses having
different wettabilities, namely 57° (+/- 3°) and 107° (+/- 1°). After drying, the surface
appearance of the film was evaluated and correlated with the adhesion. In the case of a good
adhesion of the film to the substrate, the film surface is flat, without any surface deformations.
The film was completely adhered to the substrate having a lower contact angle, on the
substrate having a higher contact angle it was partially peeled off and deformed. The results
are documented on Figs. 1a, 1b, lc. The figures imply that if the film is fully adhered to the
surface, it is even and without surface deformations after being peeled off (Fig. 1¢ right).
Conversely, in the case of an imperfect adhesion the film is more or less deformed (Fig. Ic
left).

Example 23. Effect of the adhesion of the film based on a palmitoyl derivative of sodium

hyaluronate on the surface appearance thereof

The film based on the palmitoyl derivative of sodium hyaluronate prepared according to
Example 2 on a glass having the wettability of 61° (+/- 2°) was evaluated. After drying, the
adhesion and the appearance of the film were evaluated. The film was well adhered and its
surface was absolutely flat, without any deformations. The result of the adhesion is

documented in Fig. 2.
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Example 24. Determination of the residual propan-2-ol in the films

The residual concentration of the organic solvent propan-2-ol was determined by means of gas
chromatography in the films prepared according to Examples 1, 8 and 12. The principle of the
determination of the solvent is the conversion thereof into the gaseous phase at an elevated
temperature, the separation thereof on the gas chromatograph and the subsequent detection by
the flame ionization detector. The concentration of propan-2-ol in the film was always
determined twice (i.e., for two samples), by reading from the calibration curve. The sample
weight was always 50 mg. After completing the analysis, the concentration of the residual
propan-2-ol was determined in all films to be lower than the lowest calibration curve point and
was expressed as < 0.02 wt.%. This value safely fulfils the requirements on the amounts of

residual solvents of class 3 according to the EU pharmacopoeia.

Example 25. Determination of the weight - homogeneity within the area

The film prepared according to Example 1 was cut into 55 squares with an area of 1 cm?
Prior to the measurement, the individual samples were left at room humidity and temperature
for 5 hours. Then the individual squares were weighed on analytical scales. The obtained
weights of the individual squares are listed in Table 3. The average, standard deviation and
variation coefficient were calculated based on all the values listed in the Table. The calculated

values: average 2.35 mg, standard deviation 0.18 mg, variation coefficient 7.51%.

Table 3: determination of the weight homogeneity of the film

2.6 2.3 2.4 2.6 24 2.2 2.1 2.6 2.1 2.1 2.5

2.5 2.3 2.7 2.6 2.5 2.6 2.0 2.6 2.1 2.5 2.4

2.5 2.2 2.3 24 2.3 2.2 23 2.6 2.2 2.2 23

2.3 24 2.2 22 2.5 2.7 2.5 23 2.3 2.5 2.3

2.1 2.1 2.1 2.3 23 2.3 2.4 2.2 22 23 24

Example 26. Determination of the thickness - homogeneity within the area

A square grid having the area of one square 1 cm? and the total number of squares 35 was
drawn on the film prepared according to Example 15. On each square, the thickness of the
film was measured by means of a mechanical thickness meter Mytutoyo VL-50. The
measurement was conducted in a stable environment having the humidity of 50% and the

temperature of 25 °C. The measured values are listed in Table 4. The average, standard
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deviation and variation coefficient were calculated based on all values listed in the Table. The

calculated values: average 14.6 pum, standard deviation 1.17 um, variation coefficient 8.02%.

Table 4: determination of the thickness homogeneity, the listed values are in pm

16.2 16.7 16.2 15.2 13.3 13.8 14.7

13.9 13.9 13.9 13.7 13.4 13.2 14.3

14.8 13.9 14.1 133 12.8 13.5 14.6

16.9 16.2 16.6 15.7 15.6 15.0 16.2

14.7 14.9 15.0 14.7 13.7 12.5 13.8

Example 27. Comparison of the swelling capacities of the films prepared from palmitoyl
derivatives of sodium hyaluronate having various substitution degrees in 0.1M phosphate
buffer, pH 7.4

Films prepared according to Examples 2, 16 and 17 were cut to precisely defined squares,
weighed, measured and inserted into 0.1M phosphate buffer (PBS), pH 7.4. At 37 °C, the
swelling capacity of the films was monitored; each experiment was done in triplicate. The
changes in the weight and dimensions of the film were evaluated - the results are listed in Table
5. It is evident from this Table that the lower is the substitution degree, the higher is the
swelling capacity of the film. In case of using high substitution degrees, only a small change of

the film area can be achieved, which may be very important in a number of applications.

Table 5: swelling capacity of the films prepared from palmitoyl derivatives having various

substitution degrees
area change after S days in | weight change after 5 days in
0.1M PBS, pH 7.4 (%) 0.1M PBS, pH 7.4 (%)

Film prepared according

to Example 16 69 ‘ 1365

Film prepared according

to Example 17 32 749

Film prepared according

to Example 2 15 496
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Example 28. Degradation of the films prepared from palmitoyl derivative of sodium

hyaluronate in a conditioned medium - comparison of two substitution degrees

Films prepared according to Examples 2 and 18 were cut to precisely defined squares, weighed,
measured and inserted into a conditioned medium. All preparation proceeded in a laminar box
so that no contamination and undesirable reactions of the medium occur. At 37 °C, the change
of the area of the film and the visual appearance thereof were checked in predetermined
intervals, which properties may be associated with the degradation. The conditioned medium
was exchanged in regular intervals; the experiment was conducted in triplicate. The film
prepared according to Example 2 began to degrade significantly later than the film prepared
according to Example 18. The results are shown in Fig. 3a and 3b, where the appearance of the
film is shown after 3 weeks of degradation in the conditioned medium. Table 6 documents the
change of the film area after 1 week of degradation for the film according to Example 2, as well
as to Example 18, and after three weeks for the film according to Example 2 (the film
according to Example 18 was degraded to pieces or even dissolved after three weeks of
degradation). Based on the results it is obvious that the degradation rate depends significantly
on the substitution degree of sodium hyaluronate by the acyl chain. In the case of a highly
substituted film prepared according to Example 2, the degradation proceeded in terms of

several months.

Table 6: change of the film area after 1 week in a conditioned medium — comparison of two

substitution degrees
change of the area of the film after 1
week in the conditioned medium (%)
Film prepared according to Example 2 13
Film prepared according to Example 18 125

Example 29. Degradation of the film based on a palmitoyl derivative of sodium hyaluronate

Samples of the film prepared according to Example 5 were incubated in a standard medium
for cell cultures (Dulbecco’s modified Eagle’s medium) with the addition of 300 IU of an
enzyme per 1 mg of the film. The incubation proceeded at 37 °C and the samples were
analysed after 24 hours. The sample analysis was conducted on the HPLC system Alliance
(Waters) according to an internal standard operating procedure. After 24 hours, it was still
possible to observe non-degraded pieces of the film. In spite of that, oligosaccharides based

on hyaluronan were detected in the solution, as shown in Fig. 4.
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Example 30. Degradation of the film based on a palmitoyl derivative of sodium hyaluronate

Samples of the film prepared according to Example 2 were incubated in a standard medium
for cell cultures (Dulbecco’s modified Eagle’s medium) with the addition of 300 IU of an
enzyme per 1 mg of the film. The incubation proceeded at 37 °C and the samples were
analysed after 24 hours. The sample analysis was conducted on the HPLC system Alliance
(Waters) according to an internal standard operating procedure. After 24 hours, no
oligosaccharides based on hyaluronan were detected in the solution, which is in accordance
with Example 28, where a very long degradation time was observed for the film according to
Example 2, and which demonstrates the possibility of degradation modulation by means of

the substitution degree.

Example 31. Characterization of the films by means of Young's modulus

Young’s modulus was determined for films prepared according to Examples 10, 15, 16 and 19
in the dry state. The films were tested for mechanical properties by means of a single stage
tensile testing machine INSTRON3343 with a 100N head. The Young's modulus was
calculated based on the mean value of at least 9 valid measurements. Table 7 shows that the
Young's modulus of dry, non-hydrated films does not depend on the molecular weight,

substituent or substitution degree.

Table 7: Young’s modulus of the films

Young’'s modulus (MPa)

Film prepared according to Example 10 2835 (+/- approx. 10%)

Film prepared according to Example 15 2409 (+/- approx. 10%)

Film prepared according to Example 16 1800 (+/- approx. 10%)

Film prepared according to Example 19 2636 {+/- approx. 10%)

Example 32. Characterization of the film surface morphology and determination of RMS
by means of AFM

The films prepared according to Examples 8 and 16 were characterized by means of the
Atomic force microscopy (AFM) method, wherein especially the appearance and the
character of the surface were monitored. Especially the RMS roughness (root mean square
roughness) was determined. It was found out that a very smooth surface having the RMS

value up to 2 nm may be obtained from the side of the substrate (see Fig. 5 for the film
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according to Example 16). The side of the film that is exposed to the air during drying is

always rougher, wherein RMS is somewhere around 50 or more nm.

Example 33. Comparison of films dried in a temperature gradient and in a closed space

The films prepared according to Examples 8 and 19 were visually compared after drying. The
surface of both films was not deformed, the surface crust did not form on any of the films.

Both films were qualitatively the same (visual comparison).

Example 34. Viability of THP-1 suspension cells after 24- and 72-hour incubation with the

film prepared according to Example I based on a palmitoyl derivative of sodium hyaluronate

The THP-1 cell line was cultured in a medium with the addition of 10% fetal bovine serum.
After achieving a sufficient density and viability (measured by means of an automatic cell
calculator CASY TT, Roche), the cells were seeded into a 6-well panel in 2 ml of 10%
medium. The tested film was added to the cells in an amount of 1 and 0.5 mg/ ml. After 24 and
72 hours of incubation, the cells were washed and their viability and the occurrence of cell
death were detected by means of the detection kit ApoFlowEx® FITC Kit (Exbio) on a flow
cytometer MACSQuant® (Miltenyi Biotec). The cells were evaluated as viable in case no
propidium iodide fluorescence was detected. Fig. 6 shows a negligible reduction of the viability
after 24 hours of incubation, which was not detected anymore after 72 hours. Therefore, the

tested film is evaluated as non-cytotoxic in said concentrations.

Example 35. Analysis of the cell death of THP-1 suspension cells after 24 and 72 hours of
incubation with the film prepared according to Example 1 on the basis of palmitoyl
derivative of sodium hyaluronate

The THP-1 cell line was cultured in a medium with the addition of 10% fetal bovine serum.
After achieving a sufficient density and viability (measured by means of an automatic cell
calculator CASY TT, Roche), the cells were seeded into a six-well panel in 2 ml of 10%
medium. The tested film was added to the cells in an amount of 1 and 0.5 mg/ ml. After 24 and
72 hours of incubation, the cells were washed and their viability and the occurrence of cell
death were detected by means of the detection kit ApoFlowEx® FITC Kit (Exbio) on the flow
cytometer MACSQuant® (Miltenyi Biotec). The evaluation of the presence of cell death
(apoptosis and necrosis) was conducted according to the recommendation of the kit producer.
In brief: the population of the individual cells was divided based on the fluorescence intensity

of propidium iodide and Annexin V-FITC into 3 groups: negative in both channels (living
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- cells), positive just in the channel for Annexin V-FITC (apoptotic cells) and positive cells for

the channel propidium iodide +/- Annexin V-FITC (necrotic cells).
Figs. 7 and 8 imply that after 24, as well as 72 hours, no greater increase of the number of
apoptotic or necrotic cells in the culture occurs and the tested material may therefore be

evaluated as not inducing cell death.

Example 36. Contact inhibition of the growth of mouse 313 Swiss fibroblasts

The mouse 3T3 Swiss fibroblast line was cultured in a medium with the addition of 10% fetal
bovine serum. In the exponential growth phase, the cells were seeded into a six-well panel in
2 ml of the 10% medium. After achieving confluency, the tested film prepared according to
Example 1 having the area of 1 cm” was added, which was loaded by a silicon sterile ring so
that no significant movement of the film on the monoculture occurs. At the same time, control
cells were incubated without any treatment and just with the silicon ring. After 72 hours of
incubation, the film samples and the silicon rings were removed, the cells were washed with
PBS and fixed by 4% formaldehyde (10 min/room temperature). After washing with
deionized water, the cells were coloured with crystal violet (0.1% in water, 30 min/room
temperature) and after washing the colour away the cell area was photographed and observed
under a light microscope. The cell area under the tested material, the extent of the damage of
the cells and the size of the damaged zone were evaluated.

Macrophotographs (Fig. 9) clearly show that the damaged zone of the monolayer is delimited
and that only the cells which were directly under the film were damaged, most probably by a
slight friction; the details from the light microscope show that the cells tended to re-grow
under the film. Neither any damage nor a change in morphology of the cells at the borders of
the tested film were observed. Therefore, it can be assumed that the material does not exhibit
the contact inhibition of the cell growth.

Example 37. Cell antiadhesive properties of the film

The films prepared according to Examples 2 and 17 (derivatives having two different
substitution degrees) were cut in a sterile manner to parts having the dimensions of lem?.
These parts were placed into a six-well culture panel face-up or face-down. Then they were
loaded with sterile silicon rings and culture medium (2ml) for primary human fibroblasts
(NHD¥) containing 10% fetal bovine serum was pipetted to the thus prepared samples.
Meanwhile, a NHDF suspension was prepared and pipetted to the middle of the silicon ring

on the film surface in an amount of 100 000 cells/sample. The samples with the cells were
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incubated for 72 hours and checked in24-hour intervals under the light microscope.
Polystyrene adapted for cell cultures with good adhesion properties was used as a positive
control (CTRL). After completion of the incubation, the silicon rings were removed and the
films together with the cells were fixed by 4% formaldehyde for 10 minutes and then
coloured with 1% crystal violet in water (10 min). After washing the unbound crystal violet
away thoroughly (2x Smin rinse with distilled water), the samples were photographed using
an inverted microscope Nikon with 100x magnification. The results are shown in Fig. 10. On
the CTRL photo, an almost confluent cell layer may be seen. On the film photos (A-D), a
certain structure is observable, probably formed due to the long incubation in the medium and
made visible by means of crystal violet. However, no cells are present on the films, It can
therefore be stated that the films are completely non-adherent in this system and even the

presence of proteins in the culture medium did not promote the adhesion.

Example 38. Preparation of the film with octenidine dilydrochloride

20 pl of a stock solution of octenidine dihydrochloride inethanol having the weight
concentration of 10 mg/ml were mixed with 20 m! of 50% propan-2-o0l. After stirring
thoroughly, 100 mg of a palmitoyl derivative of sodium hyaluronate having the substitution
degree of 57% and molecular weight of 2.67x 10° g/mol were added to the solution. The
solution was stirred for 72 hours and after stirring it was dosed on a hydrophobized glass
having the wettability value of 65 (+/- 3°) and dried in a closed space, in a temperature
gradient at the temperature of the lower plate 50 °C and the temperature of the upper plate
20 °C for 6 hours. After drying, the film was evaluated, removed from the substrate and
characterized. The thickness of the film was determined to be 15 um.
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CLAIMS

1. A self-supporting film based on a hyaluronic acid ester, characterized by that it comprises

a Cy-Cxp-acylated derivative of hyaluronic acid according to the general formula (I)

0+ OR
oR1©
*Eo 0
R{O
OR;

/
CHaCO

where R is H" or Na", and where R' is H or -C(=O)C,H,, where x is an integer within the
range from 9 to 21 and y is an integer within the range from 11 to 43 and C,Hy is a linear or
branched, saturated or unsaturated chain Co—C), wherein in at least one repeating unit one or

more of R' is -C(=0)C,H, and where n is within the range from 12 to 4000.

2. The film according to claim 1, characterized by that it comprises palmitoyl hyaluronan or

lauroyl hyaluronan.

3. The film according to claim I or claim 2, characterized by that the C;p-Cp-acylated
derivative of hyaluronic acid has the molecular weight from 1 x 10° to 1 x 10° g/mol,

preferably 1 x 10° to 5x10° g/mol, more preferably 2 x 10° to 3 x 10° g/mol.

4. The film according to any of the preceding claims 1 to 3, characterized by that the Co-
-Cxp-acylated derivative of hyaluronic acid has the substitution degree within the range from

15 to 160%, preferably 50 to 100%, more preferably 80 to 100%.

5. The film according to any of the preceding claims 1 to 4, characterized by that it has the
thickness within the range from 2 to 100 um, preferably within the range from 5 to 25 pm.

6. The film according to any of the preceding claims 1 to 5, characterized by that the
surface roughness expressed in the form of a root mean square of at least one of the film

surfaces is within the range from 0.5 to 100 nm, preferably within the range from 0.5 to 2 nm.

7. The film according to any of the preceding claims 1 to 6, characterized by that it further
comprises at least one biologically active substance selected from the group including

pharmaceutically active substances and cosmetically active substances, preferably vitamins,
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drugs, preferably cytostatics, steroids, further phytoextracts, phytocomplexes or phytoactive

substances.

8. A method of preparation of the film defined in any of the preceding claims 1 to 7,
characterized by that a solution comprising a C19~Cy; acylated derivative of hyaluronic acid
according to the general formula (I) is prepared in a mixture of water and C;-C¢ alcohol,
preferably ethanol or propan-2-ol, which is stitred, and then applied on a substrate and dried

in a closed space, and then is removed from the substrate.

9. The method of preparation of the film according to claim 8, characterized by that the ratio
of the mixture of C;-Cs alcohol, preferably ethanol or propan-2-ol, and water is within the
range from 25 - 55 vol.% to 45 - 75 vol.%, wherein the amount of the Cp-Cy; acylated

derivative of hyaluronic acid in the solution is within the range from 0.5 to 3 wt.%.

10. The method of preparation of the film according to claim 8 or claim 9, characterized by

that the solution is stirred for 20 to 72 hours, preferably 20 to 48 hours.

11. The method of preparation of the film according to any of claims 8 to 10, characterized
by that the drying takes place at a temperature within the range from 20 °C to 50 °C,
preferably 30 °C to 40 °C; for 3 to 6 hours, preferably 4 to 5 hours.

12. The method of preparation of the film according to any of claims 8 to 10, characterized
by that the drying takes place in a temperature gradient, where the lower film surface lying
on the substrate is heated to a temperature that is by at least 1 °C higher than the temperature

to which the opposite upper surface of the film is heated or cooled.

13. The method of preparation of the film according to claim 12, characterized by that the
lower surface of the film lying on the substrate is heated to the temperature within the range
from 20 °C to 60 °C and the opposite upper surface of the film is heated or cooled to the
temperature within the range from 10 °C to 59 °C.

14. The method of preparation of the film according to claim 12 or claim 13, characterized

by that the film is dried in a temperature gradient for 6 to 12 hours, preferably 6 hours.

15. The method of preparation of the film according to any of claims 8 to 14, characterized
by that at least one biologically active substance is admixed to the solution, the substance

being selected from the group including pharmaceutically and cosmetically active substances,
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preferably vitamins, drugs, preferably cytostatics, steroids, further phytoextracts,
phytocomplexes or phytoactive substances.

16. The method of preparation of the film according to any of claims 8 to 13, characterized
by that the substrate is a polymer selected from the group comprising polyvinyl alcohol,
polypropylene, polyethylene, polyoxymethylene or polystyrene, or hydrophobized glass,
wherein the contact wetting angle of the substrate surface by demi water is within the range
from 30° to 120°, preferably 50° to 70°.

17. The film according to any of claims 1 to 7 for use in medical applications or

biotechnological applications.

18. The film according to any of claims 17 for use in the construction of a medical device,

preferably an antiadhesive barrier,
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