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C¢-Cs-acylated derivative of hyaluronic acid, method of preparation thereof, nanomicellar
composition on its basis. method of preparation thereof and method of preparation

stabilized nanomicellar composition, and use thereof

Field of the invention

The invention relates to a method of preparation hydrophobized hyaluronic acid

‘and its use as carrying biologically active hydrophobic substances, wherein a biologically

active substance is encapsulated into the nanomicelles of hydrophobized hyaluronan. The
hydrophobization of hyaluronan is carried out through an esterification reaction of
hyaluronan with long-chain carboxylic acids, the latter being activated by a halogenide
derivative of 2,4,6-trichlorobenzoic acid or by another organic chloride of R3-CO-Cl. In a
suitable aqueous environment., water-soluble hydrophobized derivatives can form
nanomicelles in which nonpolar substances can be bound by means of non-covalent
physical interactions. The core of a nanomicelle is formed by hydrophobic acyl functional
groups while the shell of'a nanomicelle is formed by hyaluronic acid. The encapsulation of
the substances into nanomicelles can be performed by means of the solvent exchange
method or by means of sonication. Hyaluronic nanomicelles support the penetration of
bound substances in topical applications and enable the bound substances to be transferred
into the individual cells. The invention turther relates to a method for preparing stabilized

nanomicellar compositions. The nanomicelles obtained from hydrophobized hyaluronan

- derivatives are usable in cosmetic and pharmaceutical applications.

Background of the invention

Hyaluronic acid is an important polysaccharide consisting of two repeating units of
B-(1,3)-D-glucuronic acid and B-(1,4)-N-acetyl-D-glucosamine. It is characterized by a
high molecular weight ranging from 5.10% to 5.10° g.mol™* which depends on the isolation
method and on the initial material used. Hyaluronic acid, and particularly its sodium salt
known as hyaluronan, is and essential constituent of connective tissues and of synovial
joint fluid. Moteover it plays a significant role in numerous biological processes, such as
hydration, organization of proteoglycans, cellular differentiation, proliferation and
angiogenesis. This polysaccharide, which is strongly hvdrophilic, is water soluble in the

tform of salts within the entire pH scale.

Carrier systems on the basis of hvaluronic acid
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Due to the hydrophilic nature of its native form, hyaluronic acid cannot serve as an
effective carrier for hydrophobic substances. For this reason, hydrophobic functional
groups have to be linked to a polymeric chain of hyaluronic acid. In case that such

hydrophobic functional groups have sufficient quantities and lengths, an auto-

aggregation process involving the same can be initiated resulting in the formation of

hydrophobic domains within the structure of hyaluronan. Afterwards, small molecules
of water insoluble substances can be linked to such domains by means of non-covalent
bonds. The resulting structure is often referred to as polymeric nanomicelle in the
literature. wherein the core of the micelle is hydrophobic, thus enabling the dissolution
of small nonpolar molecules to take place, while the shell of the same is hydrophilic.
thus enabling the polymeric micelle itself to be dissolved in an aqueous environment. A
polymeric micelle, which does not exceed 200 nm in size (diameter), can be referred to

as nanomicelle.

Carrier systems formed by polymeric micelles on the basis of modified hyaluronic
acid are known from conjugates of hyaluronan with alkylamines (Liu et al., 2011) and
folic acid. Nevertheless, the presence of highly toxic and teratogenic formamide is

deemed to be essential for the preparation of the above hyaluronan derivative. A

- similar method of preparation of polymeric micelles was employed for obtaining redox-

sensitive micelles (Li et al.. 2011). It is obvious that such micellar systems are not

usable in biological applications due to the presence of highly toxic reagents.

The conjugation of hyaluronic acid with other polymers (such as those of lactic or
glycolic acids) through the bond mediated by the carboxylic group of D-glucuronic
acid and possibly through the incorporation of low-molecular substances is claimed in
the patent U.S. 7,767,806 wherein the authors mention the biocompatibility of the
polymer which, however, has been neither described nor proved by tests. In another
case, the low-molecular hyaluronan (9-45 kDa) was covalently modified (in the
position of the carboxylic group of glucuronic acid) by hydrophobic amines having
various chain lengths and by positively charged spermine used as a cationic segment
(Shen. Li, Tu & Zhu, 2009). The purpose of the latter was to prepare a carrier for

genes. However, the use of spermine for the above purpose is restricted due to its acute

~and subacute toxicity (Til. Falke, Prinsen & Willems, 1997). The critical micellar

concentration of the formed polymeric micelles having 125-355 in diameter was
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determined to be higher than 0.04 mg.mL"". In addition to the fact that the value of the
critical micellar concentration is too high and hence does not enable any extreme
dilution of micellar system to be achieved (e.g. in the bloodstream), the micelles having
the above mentioned size are not considered to be suitable candidates for the passive
distribution of medicines within the human body because the size of a polymeric
micelle is determinative for the ability of the same to reach a tumor location or infarct
lesion through a disrupted venous wall. In such cases. polymeric micelles having 20-

100 nm in diameter are preferred (Wang, Mongayt & Torchilin, 2005).

The modification of the carboxylic group of glucuronic acid was utilized for the
preparation of polymeric hyaluronan micelles on the basis of the electrostatic
interaction between negatively charged hyaluronic acid and positively charged styryl
pyridinium (Tao, Xu, Chen, Bai & Liu, 2012). However, the use of such polymeric
micelles in vivo is restricted due to the fact that the interactions of styryl pyridinium
with nerve terminals and muscarine receptors has not been sufficiently clarified so far,
although such interactions play an important role in connection with the regulation of
releasing neurotransmitters from neurons (Mazzone, Mori, Burman, Palovich,

Belmonte & Canning, 2006).

In the patent documents U.S. 7,993.678 and WO 2007/033677, the method of
preparation alkyl/aryl-succinic derivatives of hyaluronan is claimed, such derivatives
being also usable for the encapsulation of active nonpolar substances. In the latter case,
the modification involves the primary hydroxyl groups of hyaluronan while the
carboxylic group remains unchanged. A disadvantage of the above modification
reaction is the alkaline pH range (pH 8.5-9.0) in which the reaction of cyclic
anhydrides with hyaluronan takes place. In fact, such alkaline pH values can initiate the
hydrolysis of anhydrides and. hence, cause the efficacy of the modification process to
decrease. This would be particularly considerable in an industrial scale. In the
alkyl/aryl-succinic derivatives of hyaluronan. which had been prepared in the above
manner and had the substitution degree of 44%, the ability to form micelles (to

- aggregate) in an aqueous environment was proves when the respective concentration
were higher than 0.003-0.004 mg.mL™'. The observed size of the polymeric micelles
ranged between 50 and 200 nm. The disadvantage of such derivatives, however,

consists in the increase of the total negative charge of hyaluronan caused by the
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presence of an additional COO" group in the moditying alkyl/aryl-succinic functional
group. The negative charge of the molecule may have a significant unfavourable
influence on the interaction between cells and the respective carrier system (Wang,
Mongayt & Torchilin, 2005). One of the limiting factors for the injection application of
the derivatives prepared in the above manner consists in their low solubility
(Eenschooten. Guillaumie, Kontogeorgis, Stenby & Schwach-Abdellaoui, 2010).
Another disadvantage of such derivatives consists in the instability of the ester bonds
during thermal sterilization processes, such as autoclaving ones. In the patent
documents U.S. 7,993.678 and WO 2007/033677, merely the method of direct
dissolution of nonpolar substances in the solutions of alkyl/aryl-succinic derivatives of
hyaluronan, including the formation of a stable emulsion, is described. The main

disadvantage of the direct method of encapsulation of nonpolar substances consists in

the low resulting bonding capacities of polymeric micelles (Kedar, Phutane, Shidhaye

>& Kadam, 2010). Although the above patents claim the utilization of the structure of

modified hyaluronan for carrier systems, they do not provide any further possible way
of linking a hydrophobic substance to the given structure of hyaluronan in addition to
the emulsion system. For this reason, the provision both a polymeric carrier system
having a sufficient bonding capacity is completely missing which would be one of the
basic characteristics required for a realistic assessment of applicability. Moreover, no
details relating to cytotoxicity and cellular interactions are mentioned and hence it is
not possible to a conclusion about whether the claimed structure is actually applicable
for an active transfer of hydrophobic substances into cells, which conclusion is

essential in pharmaceutical applications.

In a further publication (Smejkalova, Hermannova, Sulakova, Prisova, Kucerik &
Velebny, 2012), hydrophobic domains of hyaluronan are described which originate

from the aggregation of C6-acyl chains linked to hyaluronan by covalent bonds. The

" derivatives described in the latter publication. however, are not entirely free from

residual solvents. Besides that, neither the formation nor the characterization of
polymeric micelles is discussed in the above publication. Moreover, the symmetrical
anhydrides mentioned in the above publication are not usable for the formation of
bonds between long alkyl chains. Carboxylic acids having long aliphatic chains are
very expensive and, on top of that, at least one mole of acid gets lost during the

preparation of one mole of the final reagent. The publication does not discuss the
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cytotoxicity ot the prepared derivatives, either.

The preparation of butyric esters of polysaccharides including a corresponding
pharmaceutical composition is claimed in the patent EP 0941253. The claimed
methodology of preparation, however, enables only very low degrees of substitution to
be achieved (3% max. ). The quantity of the hydrophobic substance. which is linked to
the prepared derivatives by means of a non-covalent bond, is unfavourably intluenced
by such a low degree of substitution. The butyric esters of hyaluronan were further
prepared in accordance with the patent WO 2005/092929 wherein, however, non-
aqueous conditions. Consequently, the transformation of hyaluronan into a quaternary

ammonium salt may be accompanied by the degradation of hyaluronan. The achieved

“degree of substitution is lower than 0.1% and therefore such ester derivatives are not

suitable for the preparation of carrier systems. Similar results were obtained when the
simultaneous esterification of hyaluronan with the anhydride of butyric acid and the

chloride of retinoic acid was carried out (WO 2004/056877).

A composition of polymeric micelles on the basis of modified hyaluronan
(HA)-[O(C=0)NH-M],, wherein M represents a modifying unit comprising the alkyl
functional group Ca.is and p represents a multiple of 3-4, and pharmaceutically active
molecules is claimed by the patents U.S. 2010/0316682 and EP1538166A1. The main
drawback of such derivatives consists in that dibutyltin laurate, which is known as a
substance having an immunotoxic and teratogenic potential, is used for performing the
modification of hyaluronan. The latter substance is mostly used in the modification
processes related to the production of adhesives and is listed by the European Environment

Agency due to its acute toxicity (Boyer, 1989). Another drawback of the claimed

_ derivatives consists in their conjugation with polymers, e.g. with polyethylene glycol,

which are extraneous in relation to the human body and can cause inflammatory reactions
or give rise cytotoxic degradation products when used for intravenous or topical
applications. Moreover, repeated application of polymeric micelles, where polyethylene
glycol formed the hydrophilic segment, led to accelerated elimination of those micelles

tfrom the bloodstream due to the formation of anti-PEG IgM antibodies (Gong, Chen.
Zheng. Wang & Wang, 2012).

Paclitaxel was successfully incorporated into the micelles of moditied hyaluronan by

means of poly lactic-co-glycolic acid (PLGA) (Kim, Lee, Jang & Park, 2009). The



10

25

WO 2014/082609 PCT/CZ2013/000156

incorporation was carried out with the use of a dialythic method wherein both the
polymer and the respective bound substance were dissolved in DMSO and the resulting
solution was dialyzed against H,O. In the latter case, the bonding capacity of prepared
polymeric micelles of 4.5% by weight was obtained. The main disadvantage of such
carrier systems consists in the presence ot PLGA polymers. which are extraneous with
respect to the human body and may not represent a fully biodegradable system.

Another disadvantage consists in the presence of residual DMSO in the final products.
Modification of hyaluronan with long-chain carboxylic acids

The modification of polysaccharides with carboxylic acids mostly requires a
commercially available anhydride of the given acid (WO 1996/035720, WO
2007/033677. (Smejkalova, Hermannova, Suldkova, Prisova, Kucerik & Velebny.
2012), EP 0893451). The main disadvantages of such commercially available
anhydrides consist in their susceptibility to hydrolysis and in the possible presence of
impurities. Moreover, anhydrides of some acids (e.g. undecane-carboxylic acids) are
not commercially available. Some of the available anhydrides are very expensive (e.g.
those of oleic, linoleic or linolenic acids). Thus, the unavailability, high price and
instability of such anhydrides make the large-scale preparation of modified

polysaccharides difficult.

Acid anhydrides can be substituted with other acid derivatives which are usable for
the esterification of hyaluronan. The patent WO 2010/105582 claim the method of
activation of carboxylic acids by means of ethylchloroformiate in non-aqueous
conditions, wherein O-acyl-O'-alkyl carbonates are formed which are subsequently
usable for the esterification of hyaluronan. The disadvantage of such activation consists
in the formation of toxic and potentially explosive gases. A similar method of
activation with ethylchloroformiate is disclosed in the patents U.S. 3,720,662 and CZ
20060605.

Another known method is based on the esterification of polysaccharides with
carboxylic acids under presence of imidazole (U.S. 2012/0172587). However, the
claimed method of preparation requires high reaction temperatures (90-200°C) which

are not applicable to hyaluronan due its degradation under elevated temperatures.

The European patent EP 0893451 claims the esterification of polysaccharides with

anhydrides carboxylic acids by means of the method of supercritical extraction. The
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disadvantages of the latter esterification procedure consist in the necessary high

pressure and in the high equipment cost.

For the above reasons, it is very important to find an alternative method of activation
of long-chain carboxylic acids. which method would be an in-situ applicable one. One
of the possible technical solutions is based on the activation of carboxylic acids with a
derivative of 2,4.6-trichlorobenzoic acid accompanied by the formation of an
anhydride. For the first time, an anhydride of 2,4.6-trichlorobenzoic acid was used in
combination with the DMAP catalyst for a rapid esterification of macrocyclic
substances under moderate reaction conditions (Inanaga, Hirata, Saeki, Katsuki &
Yamaguchi, 1979). This method of esterification. however, has not yet been applied to
the modification of polysaccharides, particularly of hyaluronic acid, because of the

possible exothermic reaction accompanied with the degradation of the respective

polysaccharide.

Summary of the invention

The subject matter of the present invention is the synthesis of a hydrophobized
derivative of hyaluronic acid and the application of said derivative in the form of a
polymeric carrier for biologically active hydrophobic substances in aqueous environment,
wherein the native character and the biological activity of the bound substances should

remain unchanged.

The hydrophobization of hyaluronan with long-chain aliphatic esters (C6-C18) is
based on the direct activation of long-chain carboxylic acids accompanied with the
formation of an anhydride of 2,4,6-trichlorobenzoic acid (Scheme 1). In the next step, the
resulting anhydride reacts with hyaluronic acid to form an acylated derivative of
hyaluronic acid. The principal advantage of said activation consists in the possibility of the
direct application of aliphatic carboxylic acids. Unlike the similar hydrophobizing
reactions of hyaluronan, which constitute the prior art, the presented modification does it
require any commetcially available anhydride to be used. Another advantage of the
presented activation consists in the fact that the respective reaction can take place under
moderate conditions (from the room temperature up to 50°C) and has a short duration.
Furthermore. the presented activation requires. unlike the method disclosed in the patent
application WO 2010/105582, neither an excessive quantity of aliphatic acids nor special

anhydrous conditions. The activating reagent is stable and. unlike ethylchloroformiate,
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does not cause the production of toxic or explosive gases when used in the reaction.
Another advantage of the presented activating reagent consists in that the reagent does not

form any reaction by-products and does not induce cross-linking reactions.

The activation of carboxylic acids with a derivative of 2,4,6-trichlorobenzoic acid
5  with the subsequent application of the resulting activated product to the esterification of

hyaluronic acid is depicted in the scheme 1 below:

£
o o9 el ,?k JOL
. )
. JL + J\“‘\ u\“Cl RGH. organic solvent o R
RO 1 i <l cl
OK-TCB-A
OK-TCB-A= anhydnde of organic acid and 2.4, 6-trichlorobenzoeic acid
B)
oH or'
0 OR . 0. OR (,,
HO RO .
¢ A f T ! 1 ' n
HO COH F]H RH R RO OR ;NH
CH3CO % CH3CO

L
N

R=Na" or H' R'=Hor -O(=0)CxHy of -C(=C)CH=CH-het,
R = H,-N(CH), R, -CHCH,

Scheme 1.

Furthermore, the invention relates to the use of hydrophobized hyaluronic acid for

10 preparation of nanomicellar systems and to the application of the substances bound in the
nanomicelles of hyaluronic acid for the treatment of skin, hair and mucous membranes,
other topical applications being also possible. The encapsulated biologically active
substances are bound in the nanomicelles of hyaluronan by non-covalent physical
interactions with hydrophobic functional groups of the polymeric carrier. When

15 encapsulated in the above manner, such substances effectively penetrate into the superficial
skin layer (epidermis), into the entire structure of hairs and into the epithelium of mucous

membranes. One of the advantages consists in that the penetration depth of the active
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substances bound in the nanomicelles is greater that that of*the same substances when the

-latter are directly dissolved in nonpolar solvents.

In comparison with similar polymeric systems (such as those disclosed in the
patents U.S. 7,993.678 and WO 2007/033677). the nanomicellar conjugates of hyaluronan
have unexpectedly exhibited a 3-fold to 10-fold lower critical micellar concentration and.
simultaneously, a relatively high stability in salty and aqueous environments. Such a very
low value of the critical micellar concentration is particularly advantageous in connection
with possible intravenous applications of hyaluronan micelles. Contrary to the similar
systems based on the most of other known polymers, as described with reference to the
prior art. the high stability of hyaluronan micelles may be advantageous in connection with
the lyophilisation of various materials because the desired encapsulation can be preserved

without adding any lyoprotectant to the solution before freezing.

Another advantage of the claimed hydrophobized derivatives of hyaluronan is
related to the absence of synthetic polymers (PLGA, PEG. etc.) and copolymers which are
otherwise often necessary for the formation of nanomicelles and which can trigger the

creation of antibodies when administered repeatedly (Gong, Chen, Wang & Wang).

Contrary to similar polymeric micellar systems, the formation of nanomicelles is
not based on a modified hyaluronan having an increased total negative charge, and thus the

interaction between the carrier system with cells is not unfavourably influenced by such

charge.

Some of the nanomicellar structures, particularly those containing longer acyl
chains linked to hyaluronan, may form a gel phase in an aqueous environment. Such a gel

phase may be advantageously used in certain applications requiring and increased viscosity

of the respective carrier system.

The dimensions of the prepared nanomicellar systems mostly range between 20 and
100 nm, which is an optimum size for pharmaceutical applications in which the advantage

of the enhanced permeability and retention effect (EPR effect) is taken. Such size may not

" be always achievable in polymeric micelles described with reference to the prior art.

Another advantage of the hyaluronan micelles is related to the transter of bound

substances from the hydrophobic domains of a nanomicelle into a cell.
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The innovated encapsulating method is based on the preparation of a mixture of
hyaluronan dissolved in water and a biologically active substance dissolved in an organic
solvent, followed by the energetic disruption of the hydration envelope of hyaluronan and
subsequent removal of the solvent from the solution. In contrast to common encapsulating
procedures. the above method is not based on the solubility of polymers in an organic
solvent and hence does not require the native character of hyaluronic acid to be suppressed
and the polymeric chain to be largely modified, particularly in the location of the important
carboxylic groups which enable hyaluronan to be recognized by cellular receptors. A
preferred organic solvents is that having a lower boiling point than water. The bonding
capacity of hyaluronan nanomicelles is markedly increased by the complete evaporation of
the residual aqueous phase with the subsequent rehydration of nanomicelles. An unbound

biologically active substance can be eliminated in a filtration process and the resulting

‘nanomicelles can be directly lyophilized and stored in dry state until the time of the

subsequent rehydration,

Specifically, the invention relates to a C¢-Cg-acylated derivative of hyaluronic acid

according to the general formula (1):

oR’
O OR |
ORO 0
\Eo/%o
1
RO OR1 NH n

/
CH,CO

().

wherein R represents H' or Na* and R' represents H or -C(=0)C «Hy or -C(=O0)CH=CH-het,
where X is an integer ranging between 5 and 17 and y is an integer ranging between 11 and

35 and CH, is a linear or branched, saturated or unsaturated Cs-C;7 chain and het is a

~ heterocyclic or heteroaromatic group having a selectable content of N, S or O atoms. at

least one repeating unit being one or more R -C(=0)C(Hy or -C(=0)CH=CH-het groups,
and wherein n ranges between 12 and 4000. In a preferred embodiment of the invention,
the C¢-Cig-acylated derivative is an oleyl derivative which means that R represents H™ or

Na" and R’ represents -C(=0)(CH,),~-CH=CH-(CH:); CHj in the formula (I).
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Furthermore. the invention relates to the method of preparation of the above
derivative of hyaluronic acid, wherein hyaluronic acid reacts with C¢-Cig-carboxylic acid
activated with a chloride of 2.4.6-trichlorobenzoic acid or activated with an organic
chloride of R;-CO-Cl under presence of a base and a catalyst in a mixture of water and a
water-miscible aprotic solvent, where Rj is an aliphatic or branched C,-Cjg-alkyl
occasionally containing heteroaromatic or aromatic functional groups. An exemplary
heteroaromatic functional group may be pyridine along with its derivatives (e.g. according
to the formula (1)), an exemplary aromatic functional group may benzene along with its

halogen derivatives (e.g. according to the formula (ii)).

e 0._Cl
= | cl cl
SNTC

(i) (if)

Hyaluronic acid may assume the free acidic form or the form of a pharmaceutically
acceptable salt, such as a Na. K, Ca, Mg, Zn, or Li salt, and have a molecular weight
ranging preferably between 5x10° g/mol and 1,6x10° g/mol. more preferably between
15x10° g/mol and 250x10° g/mol, and most preferably between 15x10° and 50x10* g/mol.
The method of preparation according to the invention consists in that hyaluronic acid is
dissolved in a mixture of water and a water-miscible aprotic solvent, the latter being a
polar organic solvent, the water content being in the range between 10 and 99% by
volume, preferably 50% by volume. The water-miscible aprotic solvent may be, for

example, dimethyl sulfoxide (DMSO), tetrahydrofuran (THF), acetone, acetonitrile or

_isopropanol (IPA). The reaction mixture contains an RsN base., wherein R' is a linear or

branched C,H, hydrocarbon chain, wherein n is an integer ranging between | and 4 and m
is an integer ranging between 3 and 9, e.g. triethylamine, in the amount of 0.01 to 20
equivalents, preferably 6 equivalents. relative to a dimer of hyaluronic acid, and the
catalyst is selected from the group comprising substituted pyridinines, such as
dimethylaminopyridine, in the amount of 0.01 to 1 equivalent. preferably 0.05 equivalent,
relative to a dimer of hyaluronic acid. In the method of preparation according to the
invention, first the activation of C¢-C\s-carboxylic acid is performed in a polar organic

solvent under the presence of a base and of 2.4.6-trichlorobenzoic acid or its derivatives ot

under the presence of a base and an organic chloride and subsequently the mixture
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containing activated C,-Cjg-carboxylic acid is added to hyaluronic acid, which was
dissolved in a mixture of water, an organic solvent, a base and a catalyst, the product of the
resulting reaction being the derivative according to the general formula (I). Said C¢-C -
carboxylic acid is selected from the group containing caproic, enanthic. caprylic, capric,
palmitic. stearic. oleic, linoleic and linolenic acids. The amount of activated Cg-Cg-
carboxylic acid ranges between 0.01 and 5 equivalents, preferably between 0.5 and 2
equivalents, relative to a dimer of hyaluronic acid. The activation of C¢-Cg-carboxylic acid
takes places for 5 to 120 minutes, preferably for 30 minutes, under the temperature
between 20 and 60°C, preferably under the temperature of 25°C. The reaction of
hyaluronic acid with activated Cg-Cg-carboxylic acid takes places for 1 to 24 hours,
preferably for 2 to 3 hours, under the temperature between 20 and 60°C, preferably under
the temperature of 25°C. The C4-Cs-acylated derivative of hyaluronic acid may be
subsequently separated from the reaction mixture, washed, dried and lyophilized. The
derivative may be separated from the reaction mixture by precipitation using NaCl and
alcohol. Subsequently, the derivative may be washed with alcohol, particularly with

isopropanol or ethanol.

In a further aspect, the invention relates to a nanomicellar composition on the basis
of a C4-Cg-acylated derivative of hyaluronic acid according to the general formula (I),
which composition contains nanomicelles which comprise a hydrophobic core formed by
C¢-Cs-acyl groups linked to hyaluronic acid and a hydrophilic shell formed by hydrophilic
functional groups of hyaluronic acid. one or more bioclogically active substances being
' physically bound in each nanomicelle. The composition further contains water and may
also contain salts (e.g. 0.9% NaCl). In a preferred embodiment, the nanomicellar
composition contains 0.3 to 50% by weight of a biologically active substance relative to
the mass content of the C¢-Cjg-acylated derivative of hyaluronic acid, the biologically
active substance being selected from a group comprising pharmaceutically and
cosmetically active substances, particularly vitamins, medicines, cytostatics, phytoextracts,
phytocomplexes or phytoactive substances, mineral or vegetable oils, or a mixture thereof.
The examples of applicable biologically active substances include, e.g., tocoferol.
paclitaxel, phosphatidylcholine or coenzyme Ql0. In a preferred embodiment, the
composition contains a C4-Cig-acylated derivative of hyaluronic acid in a concentration
which is higher than its critical aggregation concentration. The concentration of the C¢-C jg-

acylated derivative of hyaluronic acid ranges between 0.0001 mg.mL" and 30 mg.mL".
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preferably between 1 and 20 mg.mL™', when the composition is in an aqueous solution. In
another preferred embodiment, the biologically active substance is a mineral or vegetable
oil contained in the amount of 0.05 to 40% by weight, preferably 1 to 20% by weight.
relative to the mass content of the Cq-Cg-acylated derivative of hyaluronic acid. In yet
another preferred embodiment, the composition contains a biologically active substance
which is liquid and insoluble in water, said substance containing an additional biologically
active substance dissolved therein. Such biologically active substance, which is liquid and
insoluble in water, may be, ¢.g.. a mineral or vegetable oil, and the additional biologically
active substance may belong, e.g. among pharmaceutically or cosmetically active
substances, particularly vitamins, medicines. cytostatics, phytoextracts, phytocomplexes or
phytoactive substances, or mixtures thereof. The nanomicellar composition according to
the invention may assume the form of a solution, nanoemulsion, microemulsion,

coacervate or gel.

The invention further relates to the method of preparation of the nanomicellar
composition as defined above, wherein the C4-Cg-acylated derivative of hyaluronic acid
according to the general formula () is dissolved in water, the biologically active substance
is dissolved in an organic solvent, the resulting solutions are mixed together and afterwards
the organic solvent is removed. The organic solvent may be a volatile chlorinated solvent,
such as trichloromethane, or an alcohol, such as ethanol or isopropanol. and its removal
may take place by vacuum evaporation. Subsequently the aqueous phase is dried and
rehydrated and the resulting nanomicellar structures are filtered and finally lyophilized.
Alternatively, the organic solvent may be removed by dialysis. Again, the resulting
nanomicellar structures are subsequently filtered and finally lyophilized. In a preferred
embodiment, the C¢-Cs-acylated derivative of hyaluronic acid according to the general
formula (1) is dissolved in water and subsequently mixed together with a biologically
active substance, which is liquid and insoluble in water, whereupon the resulting mixture is
homogenized by sonication to form a microemulsion or nanoemulsion. In another preferred
embodiment, the Cq-Cjg-acylated derivative of hyaluronic acid according to the general
formula (1) is dissolved in water and subsequently mixed together with a biologically
active substance, which is liquid and insoluble in water and in which an additional
biologically active substance is dissolved. whereupon the resulting mixture is homogenized

~ by sonication to form a microemulsion or nanoemulsion.
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In yet another aspect, the invention relates to the use of the nanomicellar

composition in pharmaceutical or cosmetic applications, preferably in topical application.

Furthermore, a stabilized nanomicellar composition may be prepared. The method
of preparation of such a stabilized nanomicellar composition consists in that C¢-Cig-

5 acylated hyaluronan according to the general formula (1) is prepared:

E; } W{‘ = Q:} gg; :
sl 0 RO,
"”», W N
E® =3 3 %M% B e }' (1),
gﬁ%‘i 3{:{3‘ 5 ;\"%’Q_,i_

_ Ty
R=Na" or H-R'=.C[=O)CsHy, H or / 7208

wherein R represents H™ or Na*, one or more R' members are represented by a linear Ce-

- Cys-chain in at least one repeating unit, which linear chain can contain unsaturated bonds,

" and by 3-(2-thienyl)acrylic acid or by 3-(2-furyl)acrylic acid or by derivatives of said acids

10  in another at least one repeating unit, whereupon a nanomicellar composition is prepared
from the C4-Cig-acylated hyaluronan according to the general formula (II), which

composition is then stabilized in a cross-linking reaction.

In particular, the stabilization is carried out in the following manner: first, the derivative

according to the general formula (III) is prepared:

(1in,

ReH'or Na".R'= ¥ 7205

4
15
in that hyaluronic acid is dissolved in water and afterwards a base (such as TEA) and a

catalyst (DMAP); in a separate procedure, activated 3-(2-thienyDacrylic acid or 3-(2-
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furyl)acrylic acid or a derivative of either acid is prepared. the activation taking place in a
mixture of an organic solvent (e.g. THF) and a base (e.g. TEA) with the addition of an
chloride of 2,4,6-trichlorobenzoic acid. and finally both mixtures are mixed together to
form acrylated hyaluronan according to the formula (III). Subsequently, activated C¢-C)g-
carboxylic acid is prepared for the acylation of said acrylated hyaluronan according to the
formula (1II) in a manner, which is similar to that described above with reference to the
method of preparation Ce-C)g-acylated hyaluronan according to the general formula (I). to
form acylated hyaluronan according to the formula (11). Finally, nanomicelles may be
analogously prepared from the acylated hyaluronan which has been prepared in the above
manner. Such nanomicelles may be subsequently cross-linked in radical reactions, e.g.

using ammonium peroxydisulfate. Such cross-linked hyaluronan is not soluble in water.
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Brief description of the drawings

Figure 1. Determination of the critical micellar (aggregation) concentration (CMC) using

the fluorescence method on the acylated hyaluronan derivative (C6) and (C16) with
encapsulated Nile red in water.

Figure 2. Determination of the critical micellar (aggregation) concentration (CMC) using
the static light scattering method on the acylated hyaluronan derivative (C6) and (C16)
with encapsulated oil red in water.

Figure 3. Cry-SEM images of hyaluronan nanomicelles with encapsulated vitamin E
(upper image) and with encapsulated paclitaxel (lower image).

Figure 4. Cytotoxity of paclitaxel and of paclitaxel encapsulated in HAC6 and HACI16 in
dependence on the concentration and on the time of cellular interaction.

Figure 5. Transport ot doxorubicin into HCT 116 and MCF-7 cells after 1 hour of
exposure.

Figure 6. Cellular internalization with 7AAD in live cells using HA(C6) carriers with

encapsulated 7AAD.

- Figure 7. Profile of the release of encapsulated oil red from the HAC6 carrier into PBS and

into PBS containing 1% of added TWEEN 80. Concentration of HAC6 + oil red: 1 or 10
mg.mL'l.

Figure 8. Profile of the release of encapsulated paclitaxel from the HAC6 and HAC16 (¢ =
10 mgmL') carriers into PBS.

Figure 9. Penetration ot encapsulated Nile red (NR) from hyaluronan nanomicelles
HA(C6) and HA (C10) vs. penetration of Nile red dissolved in oil and dispersed in water
into skin, either Nile red sample having the same concentration.

Figure 10. Penetration of encapsulated Nile red (NR) from hyaluronan nanomicelles

HA(C6) and HA (C10) vs. penetration of Nile red dissolved in oil and dispersed in water
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into hair, either Nile red sample having the same concentration (the microscopic image
shows a cross section of a hair strand).
Figure 11. Penetration of encapsulated Nile red (NR) from polymeric hyaluronan
nanomicelles HA(C6) and HA (C10) vs. penetration of Nile red dissolved in oil and
dispersed in water into buccal mucous membrane, either Nile red sample having the same
concentration.

_Figure 12. Penetration of encapsulated Nile red (NR) frompolymeric hyaluronan
nanomicelles HA(C6) and HA (C10) vs. penetration of Nile red dissolved in oil and

dispersed in water into a vaginal mucous membrane. either Nile red sample having the

same concentration.

Examples of preferred embodiments of the invention

DS = degree of substitution = 100 % * molar amount of the bound substituent / molar

amount of all the polysaccharide dimers

Unless otherwise specified. the expression “‘equivalent” (eq) as used herein refers to a
dimer of hyaluronic acid. Unless otherwise specified, percentages are figured on a

weight/weight basis.

The molecular weight of the primary hyaluronic acid (source: Contipro Biotech spol. s r.0.,

Dolni Dobrou¢, Czech Republic) was determined by means of the SEC-MALLS method.

_Example 1.  Preparation of capronyl (C6) derivative of hyaluronic acid by means of

the mixed anhydride of 2,4,6-trichlorobenzoic acid and caproic acid

1 g of sodium hyaluronate (2.5 mmol, 15 kDa) was dissolved in 10 mL of demineralized
water. Afterwards, 5 mL of DMSO were gradually added. Then, TEA (1.05 mL, 3 eq.) and
DMAP (8.0 mg, 0,05 eq.) were added to the solution. Simultaneously. hexanoic acid (0.63
mL, 2 eq.) was dissolved in 5 mL of DMSO and TEA (1.05 mL, 3 eq.) and then 2,4.6-
trichlorobenzoyl chloride (1.6 mL. 4 eq.) were added to the solution. Following the
activation of the acid, the precipitate was filtered into the prepared solution of HA. The
reaction was taking place under room temperature for 3 hours. Afterwards, the reaction
mixture was diluted with 5 mL of demineralized water containing the addition of 0.25 g of
NaCl. The acylated derivative was isolated from the reaction mixture in the subsequent
precipitation process using the 4-fold of absolute isopropanol. After having undergone

decantation, the precipitate was repeatedly washed initially with the aqueous solution of
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isopropanol (85% by vol.) in order to remove DMSO and DMAP from the derivative and
subsequently with absolute isopropanol in order to remove water from the derivative.
Afterwards, the precipitate was being dried under the temperature of 40°C for 48 hours and

subsequently it was lyophilized for the purpose of removing the residual solvents.
- DS 60 % (determined from NMR)

"H NMR (D,0) signals of acyl: 8 2.4 ppm (m, 2H. & CH,), & 1.6 ppm (m. 2H, p CH>). &
1.3 ppm ( m, 4H, v, 3 CH2), 6 0.8 ( m, 3H, CHs).

Example 2. Preparation of capronyl (C6) derivative of hyaluronic acid by means of the

mixed anhydride of 2,4,6-trichlorobenzoic acid and caproic acid

| g of sodium hyaluronate (2.5 mmol, 38 kDa) was dissolved in 10 mL of demineralized
water. Afterwards, 5 mL of isopropanol were gradually added. Then, TEA (1.05 mL, 3 eq.)
and pyridine (0.4 mL, 2.0 eq.) were added to the solution. Simultaneously. hexanoic acid
(0.32 mL. 1 eq.) was dissolved in 5 mL of isopropanol and then TEA (1.05 mL, 3 eq.) and
2,4,6-trichlorobenzoyl chloride (0.391 mL. 1 eq.) were added to the solution. Following
the activation of the acid, the precipitate was filtered into the prepared solution of HA. The
reaction was taking place under room temperature for 3 hours. Afterwards, the reaction
) mixture was diluted with 5 mL of demineralized water containing the addition of 0.50 g of
NaCl. The acylated derivative was isolated from the reaction mixture in the subsequent
precipitation process using the 4-fold of absolute isopropanol. After having undergone
decantation. the precipitate was repeatedly washed initially with the aqueous solution of
isopropanol (85% by vol.) in order to remove pyridine from the derivative and
subsequently with absolute isopropanol in order to remove water from the derivative.
Afterwards, the precipitate was being dried under the temperature of 40°C for 48 hours and

subsequently it was lyophilized for the purpose of removing the residual solvents.

DS 15 % (determined from NMR)

"H NMR (D-0) signals of acyl: 8 2.4 ppm (m, 2H, o CH.), & 1.6 ppm (m, 2H,  CH»), &
1.3 ppm (m. 4H, v, 8 CH2), 0.8 ( m, 3H, CHs).
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Example 3. Preparation of enanthyl (C7) derivative of hyaluronic acid by means of the

mixed anhydride of 2,4,6-trichlorobenzoic acid and enanthic acid

1 g ot sodium hyaluronate (2.5 mmol, 15 kDa) was dissolved in 10 mL of demineralized
water. Afterwards, 5 mL of acetonitrile were gradually added. Then, TEA (0.70 mL, 2 eq.)
and DMAP (15.0 mg, 0.05 eq.) were added to the solution. Simultaneously. enanthic acid
(0.35 mL, 1 eq.) was dissolved in 5 mL of acetonitrile and then TEA (0.70 mL, 2 eq.) and
2.4.6-trichlorobenzoy! chloride (0.39 mL, I eq.) were added to the solution. Following the
activation of the acid. the precipitate was filtered into the prepared solution of HA. The
reaction was taking place under room temperature for 3 hours. Afterwards, the reaction
mixture was diluted with 5 mL of demineralized water containing the addition of 0,75 g of
NaCl. The acylated derivative was isolated from the reaction mixture in the subsequent
precipitation process using the 4-fold of absolute isopropanol. After having undergone
decantation, the precipitate was repeatedly washed initially with the aqueous solution of
isopropanol (85% by vol.) in order to remove acetonitrile and DMAP from the derivative
and subsequently with absolute isopropanol in order to remove water from the derivative.
Afterwards, the precipitate was being dried under the temperature of 40°C for 48 hours and

subsequently it was lyophilized for the purpose of removing the residual solvents.

DS 12% (determined from NMR)

"HNMR (D20) signals of acyl: 8 2.4 ppm (m, 2H. a CH,), 8 1.6 ppm (m, 2H, B CH>).
8 1.3 ppm (m, 4H. y, 8 CH2), 0.8 (m, 3H, CHj3).

Example 4. Preparation of caprylyl (C8) derivative of hyaluronic acid by means of the

mixed anhydride of 2,4,6-trichlorobenzoic acid and caprylic acid

| g of sodium hyaluronate (2.5 mmol, 15 kDa) was dissolved in 10 mL of demineralized
water. Afterwards, 5 mL of acetonitrile were gradually added. Then, TEA (1.05 mL, 3 eq.)
and DMAP (8.0 mg, 0.05 eq.) were added to the solution. Simultaneously, octanoic acid
(0.63 g, 4 eq.) was dissolved in 5 mL of acetonitrile and then TEA (1.05 mL, 3 eq.) and
2,4,6-trichlorobenzoyl chloride (0.8 mL, 4 eq.) were added to the solution. Following the
activation of the acid, the precipitate was filtered into the prepared solution of HA. The
reaction was taking place under room temperature for 3 hours. Afterwards, the reaction
mixture was diluted with 5 mL of demineralized water containing the addition of 0.50 g of

NaCl. The acylated derivative was isolated from the reaction mixture in the subsequent
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- precipitation process using the 4-fold of absolute isopropanol. After having undergone
decantation, the precipitate was repeatedly washed initially with the aqueous solution of
isopropanol (85% by vol.) in order to remove acetonitrile and DMAP from the derivative
and subsequently with absolute isopropanol in order to remove water from the derivative.
Afterwards, the precipitate was being dried under the temperature of 40°C for 48 hours and

subsequently it was lyophilized for the purpose of removing the residual solvents.

DS 40% (determined from NMR)

'"H NMR (D;0) signals of acyl: 8 2.4 ppm (m, 2H. a CH,), 8 1.6 ppm (m, 2H, B CH»).

1.3 ppm (m, 12H, v, b.¢, (.6 CHz), 8 0.8 (m. 3H, CH5).

Example 5. Preparation of caprinyl (C10) derivative of hyaluronic acid by means of the
mixed anhydride of 2,4,6-trichlorobenzoic acid and capric acid

| g of sodium hyaluronate (2.5 mmol, 15 kDa) was dissolved in 10 mL of demineralized

i

water. Afterwards, 5 mL of THF were gradually added. Then. TEA (1.05 mL, 3 eq.) and
DMAP (8.0 mg. 0.025 eq.) were added to the solution. Simultaneously, decanoic acid (0.8
g 2 eq.) was dissolved in SmL of THF and then TEA (1.05 mL. 3 eq.) and 2.4,6-
trichlorobenzoyl chloride (0.8 mL, 2 eq.) were added to the solution. Following the
activation of the acid, the precipitate was filtered into the prepared solution of HA. The
reaction was taking place under room temperature for 3 hours. Afterwards. the reaction
mixture was diluted with 5 mL of demineralized water containing the addition of 0.25 g of
NaCl. The acylated derivative was isolated from the reaction mixture in the subsequent
precipitation process using the 4-fold of absolute isopropanol. After having undergone
decantation. the precipitate was repeatedly washed initially with the aqueous solution of
isopropanol (85% by vol.) in order to remove DMAP from the derivative and subsequently
with absolute isopropanol in order to remove water from the derivative. Afterwards, the
precipitate was being dried under the temperature of 40°C for 48 hours and subsequently it

was lyophilized for the purpose ot removing the residual solvents.

DS 15% (determined from NMR)

'H NMR (D,0) signals of acyl: & 2.4 ppm (m. 2H, o CH>), § 1.6 ppm (m, 2H, p CHy), &
1.3 ppm (m. 12H, v, d.€, {n.6 CH>). 8 0.8 (m, 3H, CHj).
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Example 6. Preparation of the caprinyl (C10) derivative of hyaluronic acid by means of

the mixed anhydride of 2,4,6-trichlorobenzoic acid and capric acid

1 g ot sodium hyaluronate (2.5 mmol. 15 kDa) was dissolved in 10 mL of demineralized
water. Afterwards, 3 mL of THF were gradually added. Then, TEA (1.05 mL, 3 eq.) and
DMAP (8.0 mg. 0.025 eq.) were added to the solution. Simultaneously, decanoic acid (0.8
g, 4 eq.) was dissolved in 5 mL of THF and then TEA (1.05 mL, 3 eq.) and 2.4,6-
trichlorobenzoyl chloride (0.8 mL, 4 eq.) were added to the solution. Following the
activation of the acid. the precipitate was filtered into the prepared solution of HA. The
reaction was taking place under room temperature for 3 hours. Afterwards, the reaction
mixture was diluted with 5 mL of demineralized water containing the addition of 0,25 g of
NaCl. The acylated derivative was isolated from the reaction mixture in the subsequent
- precipitation process using the 4-fold of absolute isopropanol. After having undergone
decantation, the precipitate was repeatedly washed initially with the aqueous solution of
isopropanol (85% by vol.) in order to remove THF and DMAP from the derivative and
subsequently with absolute isopropanol in order to remove water from the derivative.
Afterwards, the precipitate was being dried under the temperature of 40°C for 48 hours and

subsequently it was lyophilized for the purpose of removing the residual solvents.

DS 40% (determined from NMR)

'"H NMR (D;0) signals of acyl: 8 2.4 ppm (m. 2H, o CH,), 5 1.6 ppm (m, 2H. B CHa), &
1.3 ppm (m, 12H, v, d.&, {n.6 CH2), 8 0.8 (m, 3H, CH3).

Example 7. Preparation of palmitoyl (C16) derivative of hyaluronic acid by means of the

mixed anhydride of 2,4,6-trichlorobenzoic acid and palmitic acid

0.5 g of sodium hyaluronate (1.25 mmol, 38 kDa) were dissolved in 20 mL of
- demineralized water. Afterwards, 10 mL of THF were gradually added. Then, TEA (0.52
mL. 3 eq.) and DMAP (8.0 mg. 0.05 eq.) were added to the solution. Simultaneously,
palmitic acid (0.16 g, 0.5 eq.) was dissolved in 10 mL of THF and then TEA (0.52 mL, 3
eq.) and 2,4,6-trichlorobenzoyl chloride (0.098 mL, 0.5 eq.) were added to the solution.
Following the activation of the acid. the precipitate was filtered into the prepared solution
of HA. The reaction was taking place under room temperature for 3 hours. Afterwards, the
reaction mixture was diluted with 5 mL of demineralized water containing the addition of

0.25 g of NaCl. The acylated derivative was isolated from the reaction mixture in the
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subsequent precipitation process using the 4-fold of absolute isopropanol. After having
undergone decantation, the precipitate was repeatedly washed initially with the aqueous
solution of isopropanol (85% by vol.) in order to remove DMAP from the derivative and
subsequently with absolute isopropanol in order to remove water from the derivative.
Afterwards. the precipitate was being dried under the temperature of 40°C for 48 hours and

subsequently it was lyophilized for the purpose of removing the residual solvents.

'"H NMR (D-O) signals of acyl: 8 2.4 ppm (m. 2H, a CHa), § 1.6 ppm (m, 2H. p CHy), &
1.3 ppm (m, 24H, v, 8. &, {, , 8 CH3), & 0.8 (m, 3H. CHj3). DS 14 % (determined
from NMR)

Example 8.  Preparation of stearyl (C18) derivative of hyaluronic acid by means of the

mixed anhydride of 2,4,6-trichlorobenzoic acid and stearic acid

0.5 g of sodium hyaluronate (1.25 mmol. 15 kDa) were dissolved in 10 mL of
demineralized water. Afterwards. 5 mL of THF were gradually added. Then, TEA (0.52
mL. 3 eq.) and DMAP (8.0 mg, 0.05 eq.) were added to the solution. Simultaneously,
stearic acid (0.711 g, 2 eq.) was dissolved in 5 mL of THF and then TEA (0.52 mL. 3 eq.)
and 2.4.6-trichlorobenzoyl chloride (0.391 mL, 2 eq.) were added to the solution.
Following the activation of the acid, the precipitate was filtered into the prepared solution
of HA. The reaction was taking place under the room temperature for 3 hours and
subsequently the reaction mixture was being warmed up at 50°C for 1 hour. Afterwards.
the reaction mixture was diluted with 5 mL of demineralized water containing the addition
of 0.25 g of NaCl. The acylated derivative was isolated from the reaction mixture in the
subsequent precipitation process using the 4-fold of absolute isopropanol. After having
undergone decantation, the precipitate was repeatedly washed initially with the aqueous
solution of isopropanol (85% by vol.) in order to remove DMAP from the derivative and
subsequently with absolute isopropanol in order to remove water from the derivative.
Afterwards. the precipitate was being dried under the temperature of 40°C for 48 hours and

subsequently it was lyophilized for the purpose of removing the residual solvents.

DS 7% (determined from NMR)

'H NMR (D,0) signals of acyl: & 2.4 ppm (m, 2H, a CH>), 8 1.6 ppm (m, 2H, § CH,), 8
1.3 ppm (m, 28H. v. 3., {,1,6 CHa), 6 0.8 (m. 3H, CH3).
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Example 9. Preparation of oleyl (C18:1) derivative of hyaluronic acid by means of the

mixed anhydride of 2,4,6-trichlorobenzoic acid and oleic acid

0.5 g of sodium hyaluronate (1.25 mmol, 15 kDa) were dissolved in 10 mL of
demineralized water. Afterwards, 5 mL of THF were gradually added. Then, TEA (0.52
mL. 3 eq.) and DMAP (15.0 mg. 0.1 eq.) were added to the solution. Simultaneously, oleic
acid (0.18 g, 0.5 eq.) was dissolved in 5 mL of THF and then TEA (0.52 mL, 3 eq.) and
2,4,6-trichlorobenzoyl chloride (0.098 mL, 0.5 eq.) were added to the solution. Following
| the activation ot the acid. the precipitate was tiltered into the prepared solution of HA. The
reaction was taking place under room temperature for 3 hours. Afterwards, the reaction
mixture was diluted with 5 mL of demineralized water containing the addition of 0.25 g of
NaCl. The acylated derivative was isolated from the reaction mixture in the subsequent
precipitation process using the 4-fold of absolute isopropanol. After having undergone
decantation, the precipitate was repeatedly washed initially with the aqueous solution of
isopropanol (85% by vol.) in order to remove DMAP from the derivative and subsequently
with absolute isopropanol in order to remove water from the derivative. Afterwards, the
precipitate was being dried under the temperature of 40°C for 48 hours and subsequently it

was lyophilized for the purpose of removing the residual solvents.
DS 10 % (determined from NMR)

"H NMR (D,0): 8 0.88 (t, 3H, -CH,-CHj3), 6 1.22-1.35 (m, 26H, (-CH>-)4.

_ 8 1.60 (m, 2H, -CHy-CH,-CO-), § 2.41 (t. 2H, -CHa-CO-), § 5.41 (d. 2H, CH=CH)

Example 10. Preparation of oleyl (C18:1) derivative of hyaluronic acid by means of the

mixed anhydride of 2,4,6-trichlorobenzoic acid and oleic acid

0.5 g of sodium hyaluronate (1.25 mmol, 130 kDa) were dissolved in 5 mL of
demineralized water. Afterwards, 3 mL of isopropanol were gradually added. Then. TEA
(0.52 mL, 3 eq.) and DMAP (15.0 mg, 0.1 eq.) were added to the solution. Simultaneously,
oleic acid (0.4 mL. 1 eq.) was dissolved in 5 mL of isopropanol and then TEA (0.52 mL, 3
eq.) and 2.4.6-trichlorobenzoyl chloride (0.195 mL, 1 eq.) were added to the solution.
Following the activation of the acid. the precipitate was filtered into the prepared solution
of HA. The reaction was taking place under room temperature for 3 hours. Afterwards, the
reaction mixture was diluted with 5 mL ot demineralized water containing the addition of

0.25 g of NaCl. The acylated derivative was isolated trom the reaction mixture in the
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subsequent precipitation process using the 4-fold of absolute isopropanol. After having
undergone decantation, the precipitate was repeatedly washed initially with the aqueous
solution of isopropanol (85% by vol.) in order to remove DMAP from the derivative and

subsequently with absolute isopropanol in order to remove water from the derivative.

_ Afterwards. the precipitate was being dried under the temperature of 40°C for 48 hours and

subsequently it was lyophilized for the purpose of removing the residual solvents.

DS 12 % (determined from NMR)
"H NMR (D;0): & 0.88 (1. 3H. -CH,-CH3). 6 1.22-1.35 (m, 26H. (-CH>-)14.

8 1.60 (m, 2H. -CH,-CH,-CO-), 8 2.41 (t, 2H, -CH»-CO-), § 5.41 (d, 2H, CH=CH)

Example 11. Preparation of oleyl (C18:1) derivative of hyaluronic acid by means of the

mixed anhydride of isobutyryl chloride and oleic acid

1.0 g of sodium hyaluronate (2.5 mmol, 15 kDa) were dissolved in 10 mL of demineralized
water. Afterwards, 5 mL of THF were gradually added. Then, TEA (1.05 mL. 3 eq.) and
DMAP (15.0 mg, 0.05 eq.) were added to the solution. Simultaneously, oleic acid (0,787
mL, 1 eq.) was dissolved in 5 mL of THF and then TEA (1.05 mL, 3 eq.) and isobutyryl
chloride (0.26 mL, 1 eq.) were added to the solution. Following the activation of the acid,

the precipitate was filtered into the prepared solution of HA. The reaction was taking place

- under room temperature for 3 hours. Afterwards, the reaction mixture was diluted with 3

mL of demineralized water containing the addition of 0.50 g of NaCl. The acylated
derivative was isolated from the reaction mixture in the subsequent precipitation process
using the 4-fold of absolute isopropanol. After having undergone decantation, the
precipitate was repeatedly washed initially with the aqueous solution of isopropanol (85%
by vol.) in order to remove DMAP from the derivative and subsequently with absolute
isopropanol in order to remove water from the derivative. Afterwards, the precipitate was
being dried under the temperature of 40°C for 48 hours and subsequently it was

lyophilized for the purpose of removing the residual solvents.
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DS 11 % (determined from NMR)
'H NMR (D,0): & 0.88 (t, 3H, -CH»-CH3), 6 1.22-1.35 (m. 26H. (-CHj-)14,

d 1.60 (m. 2H, -CH,-CH>-CO-), § 2.41 (t, 2H, -CH,-CO-), § 5.41 (d. 2H. CH=CH)

Example 12. Preparation of oleyl (C18:1) derivative of hyaluronic acid by means of the

mixed anhydride of 2,4,6-trichlorobenzoic acid and oleic acid

0.5 g of sodium hyaluronate (1.25 mmol, 130 kDa) were dissolved in 5 mL of
demineralized water. Afterwards, 3 mL of THF were gradually added. Then, TEA (1.2
mL. 3 eq.) and DMAP (15.0 mg, 0.1 eq.) were added to the solution. Simultaneously, oleic
acid (0.787 mL, 2 eq.) was dissolved in 10 mL of THF and then TEA (0.52 mL. 3 eq.) and
2,4,6-trichlorobenzoyl chloride (0.391 mL, 2 eq.) were added to the solution. Following
the activation of the acid, the precipitate was filtered into the prepared solution of HA. The
reaction was taking place under room temperature for 3 hours. Afterwards, the reaction
mixture was diluted with 5 mL of demineralized water containing the addition of 0.25 g of

NaCl. The acylated derivative was isolated from the reaction mixture in the subsequent

" precipitation process using the 4-fold of absolute isopropanol. After having undergone

decantation, the precipitate was repeatedly washed initially with the aqueous solution of
isopropanol (85% by vol.) in order to remove DMAP from the derivative and subsequently
with absolute isopropanol in order to remove water from the derivative. Afterwards, the
precipitate was being dried under the temperature of 40°C for 48 hours and subsequently it

was lyophilized for the purpose of removing the residual solvents.
DS 18 % (determined from NMR)
"H NMR (D,0): & 0.88 (t, 3H. -CH,-CHj3). §1.22-1.35 (m, 26H, (-CH1-) 4,

8 1.60 (m, 2H, -CH,-CH,-CO-). § 2.41 (t. 2H. -CH,-CO-), § 5.41 (d, 2H, CH=CH)

Example 13. Preparation of the linoley! (C18:2) derivative of hyaluronic acid by means

of the mixed anhydride of 2,4,6-trichlorobenzoic acid and linoleic acid

0.5 ¢ of sodium hyaluronate (1.25 mmol, 15 kDa) were dissolved in 10 mL of
" demineralized water. Then, TEA (0.52 mL. 3 eq.) and DMAP (8 mg, 0.05 eq.) were added
to the solution. Simultaneously. linoleic acid (0,77 mL, 2 eq.) was dissolved in 3 mL of
THF and then TEA (1,2 mL, 7 eq.) and 2,4,6-trichlorobenzoyl chloride (0.391 mL. 2 eq.)

were added to the solution. Following the activation of the acid, the precipitate was filtered
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into the prepared solution of HA. The reaction was taking place under room temperature
for 3 hours. Afterwards, the reaction mixture was diluted with 5 mL of demineralized
water containing the addition of 0.5 g of NaCl. The acylated derivative was isolated from
the reaction mixture in the subsequent precipitation process using the 4-fold of absolute
isopropanol. After having undergone decantation, the precipitate was repeatedly washed
initially with the aqueous solution of isopropanol (85% by vol.) in order to remove DMAP
from the derivative and subsequently with absolute isopropanol in order to remove water
from the derivative. Afterwards. the precipitate was being dried under the temperature of
40°C for 48 hours and subsequently it was lyophilized for the purpose of removing the

residual solvents.
DS 16% (determined from NMR)

'H NMR (D,0): 5 0.88 (t, 3H. -CHy-CH3). 8 1.22-1.35 (m, 24H, (-CHa-)14).

-8 1.63 (m, 2H. -CHy-CH,-CO-). § 2.44 (t, 2H, -CH,-CO-). § 2.83 (m, 2H, =CH-CH,-CH=),

6 5.45 (m, 4H, CH=CH)

Example 14. Preparation of linoleyl (C18:2) derivative of hyaluronic acid by means of

the mixed anhydride of 2,4,6-trichlorobenzoic acid and linoleic acid

0.5 g of sodium hyaluronate (1.25 mmol. 15 kDa) were dissolved in 10 mL of
demineralized water. Then, TEA (0.52 mL, 3 eq.) and DMAP (8 mg, 0.05 eq.) were added
to the solution. Simultaneously, linoleic acid (0.77 mL, 2 eq.) was dissolved in 3 mL of
THF and then TEA (1.2 mL. 7 eq.) and 2.4.6-trichlorobenzoyl! chloride (0.391 mL, 2 eq.)
were added to the solution. Following the activation of the acid, the precipitate was filtered
into the prepared solution of HA. The reaction was taking place under room temperature
for 3 hours and subsequently the reaction mixture was being warmed up at 50°C for |
hour. Afterwards, the reaction mixture was diluted with 5 mL of demineralized water
containing the addition of 0.75g of NaCl. The acylated derivative was isolated from the
reaction mixture in the subsequent precipitation process using the 4-fold of absolute
isopropanol. After having undergone decantation, the precipitate was repeatedly washed
initially with the aqueous solution of isopropanol (85% by vol.) in order to remove DMAP
from the derivative and subsequently with absolute isopropanol in order to remove water

from the derivative. Afterwards. the precipitate was being dried under the temperature of
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40°C for 48 hours and subsequently it was lyophilized for the purpose of removing the

residual solvents.
DS 20 % (determined from NMR)
"H NMR (D,0): § 0.88 (t. 3H. -CH>-CH3), 0 1.22-1.35 (m, 24H, (-CH3-)14).
5 8 1.63 (m. 2H, -CH,-CH,-CO-), 8 2.44 (t, 2H, -CH»-CO-), § 2.83 (in. 2H, =CH-CH,-CH=),

§ 5.45 (m, 4H. CH=CH)

Example 15. Preparation of linolenyl (C18:3) derivative of hyaluronic acid by means of

- the mixed anhydride of 2,4,6-trichlorobenzoic acid and linolenic acid

0.5 g of sodium hyaluronate (1.25 mmol, 15 kDa) were dissolved in 10 mL of

10 demineralized water. Then. TEA (0.52 mL, 3 eq.) and DMAP (8 mg. 0.05 eq.) were added
to the solution. Simultaneously, linolenic acid (0.765 mL, 2.0 eq.) was dissolved in 5 mL

of THF and then TEA (0.52 mL. 3 eq.) and 2,4,6-trichlorobenzoyl chloride (0.391 mL., 2.0

¢q.) were added to the solution. Following the activation of the acid, the precipitate was
filtered into the prepared solution of HA. The reaction was taking place under room

15  temperature for 3 hours. Afterwards. the reaction mixture was diluted with 5 mL of
demineralized water containing the addition of 0.75 g of NaCl. The acylated derivative

was isolated from the reaction mixture in the subsequent precipitation process using the 4-

fold of absolute isopropanol. After having undergone decantation, the precipitate was
repeatedly washed initially with the aqueous solution of isopropanol (85% by vol.) in order

20 to remove DMAP from the derivative and subsequently with absolute isopropanol in order
_ to remove water from the derivative. Afterwards, the precipitate was being dried under the
temperature of 40°C for 48 hours and subsequently it was lyophilized for the purpose of

removing the residual solvents.

DS 15 % (determined from NMR)
25 "HNMR (D-0): 8 0.88 (t, 3H, -CH>-CHj3), 8 1.22-1.35 (m. 22H, (-CHy-)14),
8 1.61 (m, 2H, -CHy-CH,-CO-). § 2.43 (1, 2H. -CH;-CO-), 8 2.83 (m, 2H. =CH-CH,-CH=),

8 5.45 (m, 4H, CH=CH)
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Example 16, Preparation of the linolenyl (C18:3) derivative of hyaluronic acid by

means of the mixed anhydride of 2,4,6-trichlorobenzoic acid and linolenic acid

0.5 g of sodium hyaluronate (1.25 mmol. 15 kDa) were dissolved in 10 mL of
demineralized water. Then, TEA (0.52 mL, 3 eq.) and DMAP (8 mg, 0.05 eq.) were added
to the solution. Simultaneously, linolenic acid (0.382 mL, 1 eq.) was dissolved in 5 mL of

THF and then TEA (0.52 mL. 3 eq.) and 2,4,6-trichlorobenzoy! chloride (0.195 mL, 1 eq.)

were added to the solution. Following the activation ot the acid. the precipitate was filtered

into the prepared solution of HA. The reaction was taking place under room temperature
for 3 hours and subsequently the reaction mixture was being warmed up at 50°C for |
hour. Afterwards, the reaction mixture was diluted with 5 mL of demineralized water
containing the addition of 0.25 g of NaCl. The acylated derivative was isolated from the
reaction mixture in the subsequent precipitation process using the 4-fold of absolute
isopropanol. After having undergone decantation, the precipitate was repeatedly washed
initially with the aqueous solution of isopropano!l (85% by vol.) in order to remove DMAP
from the derivative and subsequently with absolute isopropanol in order to remove water
from the derivative. Afterwards. the precipitate was being dried under the temperature of
40°C for 48 hours and subsequently it was lyophilized for the purpose of removing the

residual solvents.

DS 10% (determined from NMR)

"H NMR (D-0): 5 0.88 (t, 3H. -CH,-CH3), 5 1.22-1.35 (m. 22H, (-CHz-)14),

6 1.61 (m, 2H, -CH>-CH»-CO-). 8 2.43 (t, 2H. -CH,-CO-), 8 2.83 (m, 2H, =CH-CH,-CH=),

8 5.45 (m, 4H, CH=CH)

Example 17. Encapsulation of tocopherol (vitamin E) into the capronyl (C6) derivative

of hyaluronic acid

100 mg of the acylated derivative of hyaluronan, which had been prepared according to
Example 1, were being dissolved in 5 mL of water under continuous stirring for 3 hours.
The resulting solution was gradually supplemented with the solution of tocopherol (10 mg in
3 mL of CHCIs) under continuous stirring and under the temperature ranging between 235
and 40°C and afterwards another 3 mL of CHCI; were gradually added. Subsequently,

CHCl; was removed from the solution in a continuous evaporation process. Following the
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removal ot CHCI;, the aqueous phase was completely dried, rehydrated over an aqueous

bath and filtered to an | um glass filter. The filtrate was lyophilized.

The amount of bound tocopherol (determined by means of the HPLC method) was: 2.3 %
(w/w)

Example 18. Encapsulation of Nile red into the capronyl (C6) derivative of hyaluronic

acid

100 mg of the acylated derivative of hyaluronan, which had been prepared according to
Example 1. were being dissolved in 5 mL of water under continuous stirring for 3 hours.
The resulting solution was gradually supplemented with the solution of Nile red (10 mg in 3
mL of CHCl;) under continuous stirring and under the temperature ranging between 25 and
40°C and afterwards another 3 mL of CHCl; were gradually added. Subsequeﬁtly, CHCl;
was removed from the solution in a continuous evaporation process. Following the removal
of CHCl;, the aqueous phase was completely dried, rehydrated over an aqueous bath and

filtered to an 1 um glass filter. The filtrate was lyophilized.

The amount of bound Nile red (determined by means of the UV-Vis method) was: 0.4 %

(W/w)

“Example 19. Encapsulation of paclitaxel into the capronyl (C6) derivative of

hyaluronic acid

100 mg of the acylated derivative of hyaluronan, which had been prepared according to
Example 1. were being dissolved in S mL of water under continuous stirring for 3 hours.
The resulting solution was gradually supplemented with the solution of paclitaxel (10 mg
in 3 mL of CHCI;) under continuous stirring and under the temperature ranging between
25 and 40°C and afterwards another 3 mL of CHCl; were gradually added. Subsequently,
CHCl; was removed from the solution in a continuous evaporation process. Following the
removal of CHCls. the aqueous phase was completely dried, rehydrated over an aqueous

bath and filtered to an 1 pm glass filter. The filtrate was lyophilized.

The amount of bound paclitaxel (determined by means of the HPLC method): 5 % (w/w)

Example 20. Encapsulation of phosphatidylcholine into capronyl (C6) derivative of

hyaluronic acid
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100 mg of the acylated derivative of hyaluronan, which had been prepared according to
Example 1. were being dissolved in 5 mL of water under continuous stirring for 3 hours.
~The resulting solution was gradually (dropwise) supplemented with the solution of
phosphatidylcholine (10 mg in 5 mL of EtOH) under continuous stirring. EtOH was
removed from the solution in a continuous evaporation process. Subsequently, the residual
aqueous phase was completely dried, rehydrated over an aqueous bath and filtered to an 1

um glass filter. The filtrate was lyophilized.

The amount of bound phosphatidyicholine (determined by means of the HPLC method):
3.0 % (w/w).

Example 21. Encapsulation of coenzyme QIl0 into palmitoyl (C16) derivative of

hyaluronic acid

100 mg of the acylated derivative of hyaluronan, which had been prepared according to
Example 7, were being dissolved in 10 mL of water under continuous stirring overnight.
The resulting solution was gradually supplemented with the solution coenzyme Q10 (20
mg in 5 mL of CHCl;) under continuous stirring and under the temperature ranging
between 30 and 40°C and afterwards another 3 mL of CHCl; were gradually added.
Subsequently, CHCI; was removed from the solution in a continuous evaporation process.
Following the removal of CHCI;. the aqueous phase was completely dried, rehydrated over

an aqueous bath and filtered to an | pm glass filter. The filtrate was lyophilized.

The amount of bound coenzyme Q10 (determined by means of the UV-Vis method) was:

12 % (w/w)

When the product is dissolved in the 0.9% solution of NaCl, a coacervate or gel-like

solution is formed in dependence on the concentration of the dissolved product.

Example 22. Encapsulation of tocopherol (vitamin E) into stearyl (C18) derivative of

hyaluronic acid

100 mg of the acylated derivative of hyaluronan, which had been prepared according to
Example 8, were being dissolved in [0 mL of water under continuous stirring overnight.
The resulting solution was gradually supplemented with the solution of tocopherol (about
50 mg in 5 mL of ethanol) under continuous stirring and under the temperature ranging

between 25 and 40°C. Subsequently, cthanol was removed from the solution in a
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“continuous evaporation process. Following the removal of EtOH. the aqueous phase was

completely dried, rehydrated over an aqueous bath and filtered to an 1 um glass filter. The

filtrate was lyophilized.

The amount of bound tocopherol (determined by means of the UV-Vis method) was: 30 %

(W/W)

Example 23. Encapsulation of tocopherol (vitamin E) into oleyl (C18:1) derivative of

hyaluronic acid

100 mg of the acylated derivative of hyaluronan, which had been prepared according to
Example 9. were being dissolved in 10 mL of water under continuous stirring overnight.
The resulting solution was gradually supplemented with the solution of tocopherol (about
50 mg in 5 mL of isopropanol) under continuous stirring and under the temperature

ranging between 25 and 40°C. Subsequently. isopropanol was removed from the solution

_in a continuous evaporation process. Following the removal of isopropanol. the aqueous

phase was completely dried, rehydrated over an aqueous bath and filtered to an 1 um glass

filter. The filtrate was lyophilized.

The amount of bound tocopherol (determined by means of the UV-Vis method) was: 40 %
(w/w)

Example 24. Encapsulation of coenzyme QI0 into palmitoyl (C16) derivative of

ltyaluronic acid

100 mg of the acylated derivative of hyaluronan. which had been prepared according to
Example 7, were being dissolved in 10 mL of water under continuous stirring overnight.
The resulting solution was gradually supplemented with the solution of coenzyme Q10
(about 30 mg in 2 mL of EtOH) under continuous stirring. After having been stirred for 3
hours. the resulting mixture was being subject to sonication (100 W) for 30 minutes.
Subsequently. the mixture underwent intensive dialysis (for 2 days) against distilled water

and it was filtered through a 1 pm glass filter and lyophilized.

The amount of bound coenzyme Q10 (determined by means of the UV-Vis method) was:
4.6 % (Wiw)

When the product is dissolved in the 0.9% solution of NaCl, a coacervate or gel-like

solution is formed in dependence on the concentration of the dissolved product.
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Example 25. Encapsulation of paclitaxel into the palmitoyl (C16) derivative of

hyaluronic acid

100 mg of the acylated derivative of hyaluronan, which had been prepared according to
Example 7, were being dissolved in 10 mL of water under continuous stirring overnight.
The resulting solution was gradually supplemented with the solution of paclitaxel Q10
(about 40 mg in 2 mL of EtOH) under continuous stirring. After having been stirred for 3
hours, the resulting mixture was being subject to sonication (100 W) for 30 minutes.
Subsequently, the mixture underwent intensive dialysis (3.5 kDa cut off) against distilled

water and it was filtered through an S4 porcelain frit and lyophilized.

The amount of bound paclitaxel (determined by means of the HPLC method): 25 % (w/w)

) Example 26. Encapsulation of hop extract into oleyl (C18:1) derivative of hyaluronic
acid
100 mg of the acylated derivative of hyaluronan. which had been prepared according to
Example 9, were being dissolved in 10 mL ot water under continuous stirring overnight,
The resulting solution was gradually supplemented with the solution of a hop extract blend
(about 30 mg in 5 mL of isopropanol) under continuous stirring. Subsequently, isopropanol
was removed from the solution in a continuous evaporation process. Following the
removal of isopropanol, the aqueous phase was completely dried, rehydrated over an

aqueous bath and filtered to an 1 um glass filter. The filtrate was lyophilized.

The amount of bound tocopherol (determined by means of the UV-Vis method) was: 40 %

(W/w)

Example 27. Determination of the critical micellar (aggregation) concentrations of

- acylated derivatives of hyaluronic acid
(a) Fluorescence method

The critical micellar (aggregation) concentration was determined from the dependence of
the fluorescence intensity on the solution concentrations (Figure 1). The emission spectra
(580-700 nm) of the aqueous solutions of the acylated derivatives HAC6 (DS = 60%) and
HACI16 (DS = 14%) with bound Nile red, which had been prepared in the concentration

range from 0.00002 to 1.5 mg.mL"' in accordance with the procedure described in example
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18, were measured in the fluorometric apparatus RF-5301 (Shimadzu) working with the

excitation wavelength of 543 nm.

The following critical micellar (aggregation) concentrations were determined: for HA C6:
0.001-0.003 mg.mL"', for HA C16: 0.00006-0.0002 mg.mL'| (Figure 1). The same

measurement value was obtained for PBS with the 0.9% NaCl solution.
(b) Static light scattering method

The critical micellar (aggregation) concentration was determined from the dependence of

the intensities of scattered light (/go) on the solution concentrations (Figure 2). The

intensity of the scattered light in the aqueous solutions of the acylated derivatives HAC6

(DS = 60%) and HAC16 (DS = 14%) with bound Nile red. which had been prepared in the
concentration range from 0.00002 to 0.06 mg.mL"' in accordance with the procedure
described in example 18, were measured at the angle of 90 ° in the photometric apparatus

DAWN EOS (Wyatt Technology Corporation) working with the wavelength of 632 nm.

The following critical micellar (aggregation) concentrations were determined: for HA C6:
0.002-0.004 mg.mL", for HA C16: 0.00006-0,0001 mgmL" (Figure 2). The same

measurement value was obtained for PBS with the 0.9% NaCl solution.

Example 28. Determination of the zeta potential of hyaluronan nanomicelles

The zeta potential was determined in the apparatus Zetasizer Nano-ZS (Malvern
Instruments) equipped with a He-Ne laser (633 nm). Independently on the encapsulated
substance, the zeta potential exhibited by the nanomicelles in aqueous solutions was ~ — 50
mV at 5 mg.mL"' and from ~ —60 to -70 mV after a 10-fold dilution. In the 0.9% solution
of NaCl, the zeta potential range was reduced (-30 to -23 mV). Thus, the absolute value of
the zeta potential indicates a high stability of the prepared nanomicelles in aqueous

solutions and a relatively high stability ot the same in salt solutions.

Example 29. Morphological analysis of hyaluronan nanomicelles

The microscopic analyses were carried out at -135°C in the scanning microscope JEOL
7401F working with the beam accelerating voltage of 2 kV (i.¢. in a fine beam mode). For
the purpose of the above analyzes, 2-3 uL of a concentrated sample (about 20 mg/0,4 mL)

were dripped onto am Al plate and immersed into liquid nitrogen filled in the cryochamber



5

15

WO 2014/082609 PCT/CZ2013/000156

35

Alta 2500 (Gatan). Subsequently, they were being coated with the Pt/Pd mixture for 2

minutes.

The size of nanomicelles of hyaluronan C6 with encapsulated vitamin E (Example 17) and
hyaluronan C16 with encapsulated paclitaxel (example 25) was in the range: 20-50 nm

(Figure 3).

_Example 30. Distribution of acylated chains and nonpolar substances in hyaluronan

nanomicelles

The separation of the nanomicelles of hydrophobized hyaluronan with encapsulated
vitamin E was carried out by means of the flow field-flow fractionation (FIFFF) method
using a frit-inlet separation channel. For the purpose of the analysis, 10 mg of lyophilized
acylated hyaluronan with bound vitamin E (prepared from the derivatives listed in Table 1
in accordance with the procedure described in Example 23) were dissolved in 1 mL of the
mobile phase (50 mM NaNOs with 0.02% NaNj;) and filtered through a glass syringe filter
with 1 um pore size. Subsequently, 100 pl were injected into the FIFFF apparatus.

The separation was carried out by means of the cross-flow gradient from 2 mL/min to 0.1
mL/min during a 5 minute interval. The flowrate of the mobile phase fed into the detector

was kept constant. the setpoint being 1mL/min.

The separation took place under laboratory temperature. The eluate was monitored by

- means of the light scattering detector DAWN EOS, the differential refractometer Optilab

rEX (both made by the Wyatt Technology Corporation) and the UV detector working with

the wavelength of 292 nm (Shimadzu).

When applying the above method. it is possible to determine both the percentage of the
bound substance and hydrophobized hyaluronan firmly incorporated inside the

nanomicelles and the percentage of the same present outside the aggregated structures (see
Table 1).

Table 1. Distribution of acylated chains and vitamin E (tocopherol) inside and outside the

hyaluronan aggregates (nanomicelles)

Carrier (degree of Bonding  Non-aggregated  Aggregated Free vitamin Bound
substitution) capacity  acylated groups  acylated E (%) vitamin E
of (%) groups (90)

tocophero (%)
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|
(w/w %)
HAC6 (DS=55%) 6.9 91.5 8.5 0.5 99.5
HACS8 (DS = 15%) 12.4 82.1 17.9 0.4 99.6
_HACI10 (DS = 15%) 18.5 47.2 52.8 0.5 995
HACI8 (DS = 10%) 40 21.5 78.5 0.3 99.7

The results listed in Table | clearly show that the distribution of the acylated chains in the
hyaluronan nanomicelles is primarily influenced by the length of an acyl chain. The degree
of aggregation of acyl chains increases with the increasing length of the same. The
incorporation of a nonpolar substance into a nanomicelle takes place independently on the
length of the respective acyl chain. In this particular case, the distribution of a nonpolar

substance in a micelle always entirely prevails (> 99.5%).

Example 31. Cytotoxicity of nanomicelles carrying a paclitaxel based cytostatic drug

Paclitaxel linked to the acylated derivatives of hyaluronan C6 and C16, which had been
prepared in accordance with the procedures described in examples 19 and 25 respectively,
was dissolved in a cultivating medium (containing 10% of FBS), the final concentration
being 100 pg/mL. Cells of human dermal fibroblasts (NHDF), a celi line of human breast
- carcinoma (MCF-7) and a cell line of human colon carcinoma (HCT 116) were used for
testing the paclitaxel concentrations of 0.001, 0.01, 0.1, 1.0, 10.0 and 100.0 pg/mL carried
by the derivatives of acylated hyaluronan C6 and C16, the test being based on the
measurements of the cell viability. The effect of paclitaxel carried by the derivatives of
acylated hyaluronan C6 and C16 was the compared to that of paclitaxel on its own (Figure
4). The measurement of cell viability is based on the detection of the activity of the
dehydrogenase enzyme, which is active in live cells and transforms the yellow substrate
into a violet solution. The absorbance of the latter, which is detected at 540 nm, is

proportional to the percentage of live cells.

The increasing concentration of the carrier caused. particularly when HAC16 was used. a

slight reduction of the cytostatic effectiveness ot paclitaxel (Figure 4).

The acylated derivatives themselves did not exhibit any cytostatic effects.
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Example 32. Transfer of encapsulated substances into cells

-The substances doxorubicin and 7-aminoactinomycin D (7-AAD, which is as substance
that only penetrates into dead and permeabilized cells) were encapsulated into the acylated
derivative of hyaluronan C6 in accordance with the procedure described in example 18
(where 7-AAD was substituted for Nile red). Cells of human dermal tibroblasts (NHDF), a
cell line of human breast carcinoma (MCF-7) -and a cell line of human colon carcinoma
(HCT 116) were used for testing the existence of a difference between the penetration of
an substance into a cell when the substance is applied in a solution, in which it is present
on its own) or in an acylated derivative of hyaluronan C6. The tests were carried out by
means of the fluorescence microscopy method (inverted microscope Nikon Eclipse Ti).
Doxorubicin was tested in the concentration of 5,0 pg/mL (Figure 5) and 7-AAD was

tested in the concentration of 15 pg/mL (Figure 6).

The transfer of the substances from the carrier into the cells was successful.

Example 33. Release of encapsulated oil red from nanomicelles into a solution

15 The release of oil red (Oil Red O. solvent red 27) encapsulated in HAC6 in accordance

20

25

30

with the procedure described in example 18 (where Oil Red O was substituted for Nile red)
into solutions was studied in vitro. The target solutions used were PBS and PBS with the
addition of 1% of TWEEN 80. The aqueous solutions of acylated derivatives with bound
oil red (in the concentration range between | and 10 mg.mL™") were dissolved in PBS or in
PBS with the addition of 1% of TWEEN 80, quantitatively transferred into the dialysis
tubing (MWCO 12-14 kDa, Spectrum Laboratories) and dialysed under the temperature of
37 °C against PBS or against PBS with the addition of 1% of TWEEN 80. In predefined
time intervals, 4 mL of the dialysate were being sampled and replaced with a fresh
medium. The released amount of oil red was determined by means of the UV-Vis method

(Figure 7).

The slow release of the bound substance is indicative of a high stability of carrier systems
in PBS.

Example 34. Release of encapsulated paclitaxel from nanomicelles into a solution

The release of paclitaxel encapsulated in HAC6 and HAC16 in accordance with the

procedure described in example 19 and 25 respectively into a solution was studied in vitro
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under the temperature of 37 °C. The aqueous solutions of acylated derivatives containing
paclitaxel in the total concentration of 0.2 mg were dissolved in PBS, quantitatively
transferred into the dialysis tubing (MWCO 12-14 kDa, Spectrum Laboratories) and
dialysed under the temperature of 37 °C against 50 mL of PBS. In predefined time
intervals, the dialysate was being replaced with a fresh medium. The released amount of
paclitaxel was determined after subjecting the same to the extraction into chloroform,

evaporation and subsequent dissolution in acetonitrile by means of HPLC (Figure 8).

The release registered for HAC16 was slower in comparison to HAC6. The slow release of

the bound substance is indicative of a high stability of carrier systems in PBS.

Example 35. Preparation of nanoemulsions and microemulsions from the oleyl

derivative (C18:1) of hyaluronic and oleic acids

80 mg of the acylated derivative of hyaluronan. which had been prepared according to
Example 11, were being dissolved in 4 mL of water under continuous stirring overnight.
The resulting solution was gradually supplemented with the 8 mg of oleic acid under
continuous stirring. Atter having been stirred. the resulting mixture was subject to two-step
sonication (Ultrasonic Processor, UPS 200S, 200 W output). The first step, which was a
continuous one (50% amplitude) was followed by the second step, which was a pulsation
one (0.8 s pulses, 70% amplitude). each step lasting 25 minutes. During the sonication
process, the receptacle containing the mixture being processed was immersed into ice bath

in order to be protected from overheating.

Particle size (determined in Zetasizer): 200-300 nm. The size was dependent on the

amount of oil phase in the mixture.

Example 36. Preparation of nanoemulsions and microemulsions from the oleyl

derivative (C18:1) of hyaluronic and oleic acids with dissolved coenzyme Q10

~ 80 mg of the acylated derivative of hyaluronan, which had been prepared according to
Example 11, were being dissolved in 4 mL of water under continuous stirring overnight.
The resulting solution was gradually supplemented with the 8 mg of oleic acid containing
coenzyme Q10 already dissolved therein (about 0.5 mg) under continuous stirring. After
having been stirred, the resulting mixture was subject to two-step sonication (Ultrasonic
Processor, UPS 200S, 200 W output). The first step. which was a continuous one (50 %

amplitude) was followed by the second step, which was a pulsation one (0.8 s pulses, 70%
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amplitude), cach step lasting 25 minutes. During the sonication process. the receptacle
containing the mixture being processed was immersed into ice bath in order to be protected

from overheating.

Particle size (determined in Zetasizer): 200-300 nm. The size was dependent on the

amount of oil phase in the mixture.

Example 37. Preparation of stabilized nanomicelles through covalent cross-linking

10 g of sodium hyaluronate (25 mmol, 38 kDa) were dissolved in 200 mL of demineralized
water. Then, TEA (6.97 mL, 2 eq. relative to a dimer of HA) and DMAP (153 mg. 0.05
¢q.) were added to the solution. Activation: 3.5 g of 3-(2-furyl)acrylic acid (25 mmol) were
-dissolved in 50 mL of tetrahydrofuran and 19,2 mL of TEA (2 eq.). Subsequently, the
resulting solution was cooled down in an ice bath and supplemented with trichlorobenzoyl
chloride (1.2 mL). The reaction was taking place for 15 minutes. Afierwards, the activated
acid was added to the hyaluronan solution and the reaction was taking place under the
temperature of 25°C for 24 hours. The resulting reaction mixture was diluted with eater.
The acrylated derivative was isolated from the reaction mixture in the subsequent
precipitation process using the 4-fold of absolute isopropanol. After having undergone
decantation. the precipitate was repeatedly washed with the aqueous solution of
isopropanol (85% by vol.). Afterwards, the precipitate was being dried under the
temperature of 40°C for 48 hours. The obtained acrylated derivative was acylated (see
example 1) and subsequently dissolved in water and lyophilized for the purpose of

removing the residual solvents.

The carrier system, which had been prepared from oil red (Oil red O) and from the
_acrylated derivative according to Example 18 (where oil red was substituted for Nile red).
was dissolved to form an 1% aqueous solution. In the resulting solution, the carrier system

was cross-linked by means of ammonium peroxydisulfate (10 eq.) used as trigger.

DS 20 % of the active group for photo cross-linking (determined from NMR)

'H NMR (D;0): & 7.83, 6.87 (d, J=3,5), 6.87. 6.61 (bs), 7.83. 7.59 (Jrans=16.01), 6.39
(Jerans=15.85).

Example 38. Topical application of hyaluronan nanomicelles — penetration into skin,

hairs and mucous membranes
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Swine skin, bovine vaginal mucous membrane and bovine buccal mucous membrane were
donated by the company MasoEko, s.r.o.. based in Kun¢ice 243, Letohrad. Immediately
after having been taken. the samples were subject to the passive action of the solution of
acylated hyaluronan C6 and C10 (10 mg.mL™") with encapsulated Nile red (prepared in
5 accordance with the procedure described in example 18) and the penetration into the
samples was compared by measuring the fluorescence values in the inverted microscope
Nikon Eclipse Ti (equipped with the objective lens Plan Fluor 4x). Subsequent incubation
_under the temperature of 37°C: skin samples for 20 hours (Figure 9), hair samples for 15

minutes (Figure 10) and samples of mucous membranes for 4 hour (Figures 11 and 12).

10 The carriers have enabled a more efficient penetration into skin, hairs and mucous

membranes to be achieved when compared with oil and aqueous solvents.
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CLAIMS

C¢-Cig-acylated derivative of hyaluronic acid according to a general formula (I):

oR'
0L OR
ORO o)
1
RO OR1 NH n

/
CH,CO

(D,

wherein R is H™ or Na” and R' is H or -C(=0)C H, or -C(=0)CH=CH-het, wherein x is
an integer ranging between 5 and 17 and y is an integer ranging between 11 and 35 and
CiH, is a linear or branched, saturated or unsaturated Cs-C;7 chain and het is a
heterocyclic or heteroaromatic group having a selectable content of N, S or O atoms, at
least one repeating unit containing one or more R! -C(=0)C xHy or -C(=O0)CH=CH-het

groups, and wherein n ranges between 12 and 4000.

. Cs-Cyg-acylated derivative of hyaluronic acid according to claim 1, characterized in

that R represents H or Na" and R' je -C(=0)(CH,),-CH=CH-(CH,),-CHj3.

. Method of preparation of a derivative of hyaluronic acid according to the general

formula (I), characterized in that hyaluronic acid reacts with Cs-Cg-carboxylic acid
activated with a chloride of 2,4,6-trichlorobenzoic acid or activated with an organic
chloride of R3-CO-Cl, wherein R; is an aliphatic or branched C,-Cjp-alkyl, a
heteroaromatic functional group or an aromatic functional group, under the presence of a

base and a catalyst in a mixture of water and a water-miscible aprotic solvent.

. Method of preparation according to claim 3, characterized in that hyaluronic acid is in

the free acidic form or the form of a pharmaceutically acceptable salt and it has a
molecular weight ranging preferably between 5x10° g/mol and 1.6x10° g/mol. more
preferably between 15x10° g/mol and 250x10° g/mol. and the most preferably between
15x10° and 50x10° g/mol.



WO 2014/082609 PCT/CZ2013/000156
42

Y

5. Method of preparation according to claim 3 or claim 4, characterized in that
hyaluronic acid is dissolved in a mixture of water and a water-miscible aprotic solvent,
the latter being a polar organic solvent. the water content being in the range between 10

and 99% by volume. preferably 50% by volume.

6. Method of preparation according to any of the claims 3 to 5, characterized in that the
water-miscible aprotic solvent js dimethyl sulfoxide, tetrahydrofuran, acetone,

acetonitrile or isopropanol.

7. Method of preparation according to any of the claims 3 to 6, characterized in that the
reaction mixture contains an R';N base, wherein R' is a linear or branched C.Hp,
hydrocarbon chain, wherein n is an integer ranging between 1 and 4 and m is an integer
ranging between 3 and 9, e.g. triethylamine. in the amount of 0.01 to 20 equivalents,
preferably 6 equivalents, relative to a dimer of hyvaluronic acid. and the catalyst is
selected from the group comprising substituted pyridinines, such as
dimethylaminopyridine, in the amount of 0.01 to 1 equivalent, preferably 0.05

equivalent, relative to a dimer of hyaluronic acid.

8. Method of preparation according to any of the claims 3 to 7. characterized in that first
the activation of C4-C,g-carboxylic acid is performed in a polar organic solvent under
the presence of a base and of 2,4,6-trichlorobenzoic acid or its derivatives or under the
presence of a base and an organic chloride and subsequently the mixture containing
activated C¢-Cg-carboxylic acid is added to hyaluronic acid, which was dissolved in a
mixture of water. an organic solvent, a base and a catalyst, the product of the resulting

reaction being the derivative according to the general formula (I).

9. Method of preparation according to any of the claims 3 to 8. characterized in that said
C¢-Cig-carboxylic acid is selected from the group containing caproic, enanthic,

caprylic, capric, palmitic, stearic, oleic, linoleic and linolenic acids.

10. Method of preparation according to any of the claims 3 to 9, characterized in that the
amount of activated C¢-C3-carboxylic acid ranges between 0.01 and 5 equivalents,

preferably between 0.5 and 2 equivalents, relative to a dimer of hyaluronic acid.
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. Method of preparation according to any of the claims 3 to 10, characterized in that

the activation of C¢-C g-carboxylic acid takes places for 5 to 120 minutes, preferably
for 30 minutes, under the temperature between 20 and 60°C, preferably under the

temperature ot 23°C.

. Method of preparation according to any of the claims 3 to 11, characterized in that

the reaction of hyaluronic acid with activated Cs-C g-carboxylic acid takes places for 1
to 24 hours, preferably for 2 to 3 hours, under the temperature between 20 and 60°C,

preferably under the temperature of 25°C.

Method of preparation according to any of the claims 3 to 12, characterized in that
the C¢-Cig-acylated derivative of hyaluronic acid is subsequently separated from the

reaction mixture, washed, dried and !yophilized.

Method of preparation according to claim 13. characterized in that the C4-Cs-
acylated derivative of hyaluronic acid is separated from the reaction mixture in a

precipitation process using NaCl and alcohol.

Method of preparation according to claim 13 or 14, characterized in that the C¢-C -
acylated derivative of hyaluronic acid is washed with alcohol, particularly with

isopropanol or ethanol.

Nanomicellar composition on the basis of a C¢-Cjg-acylated derivative of hyaluronic
acid according to the general formula (I). characterized in that a composition contains
nanomicelles which comprise a hydrophobic core formed by C¢-Cs-acyl groups linked
to hyaluronic acid and a hydrophilic shell formed by hydrophilic functional groups of
hyaluronic acid, one or more biologically active substances being physically bounded

in the nanomicelle.

. Nanomicellar composition according to claim 16, characterized in that it contains 0.3

to 50% by weight of a biologically active substance relative to the mass content of the
Cs-Cg-acylated derivative of hyaluronic acid, the biologically active substance being

selected from a group comprising pharmaceutically and cosmetically active substances.
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particularly vitamins, medicines, cytostatics, phytoextracts, phytocomplexes or

phytoactive substances, mineral or vegetable oils, or a mixture thereof.

Nanomicellar composition according to claim 17, characterized in that the

biologically active substance is tocoferol, paclitaxel, phosphatidylcholine or coenzyme

Q10.

. Nanomicellar composition according to any of the claims 16 to 18, characterized in

that it contains C4-C s-acylated derivative of hyaluronic acid in a concentration which

is higher than its critical aggregation concentration.

Nanomicellar composition according to any of the claims 16 to 19, characterized in
that the concentration of the C4-Cg-acylated derivative of hyaluronic acid ranges
between 0.0001 mg.mL™" and 30 mg.mL", preferably between 1 and 20 mg.mL"', when

the composition is in an aqueous solution.

. Nanomicellar composition according to any of the claims 16 to 20, characterized in

that the biologically active substance is a mineral or vegetable oil in the amount of
0.05 to 40% by weight, preferably 1 to 20% by weight, relative to the mass content of

the C¢-Cg-acylated derivative of hyaluronic acid.

. Nanomicellar composition according to any of the claims 16 to 21, characterized in

that it contains a biologically active substance which is liquid and insoluble in water,

said substance containing an additional biologically active substance dissolved therein.

Nanomicellar composition according to claim 22. characterized in that the
biologically active substance, which is liquid and insoluble in water, is a mineral or
vegetable oil, and the additional biologically active substance belongs among
pharmaceutically or cosmetically active substances, particularly vitamins, medicines,
cytostatics, phytoextracts. phytocomplexes or phytoactive substances, or mixtures

thereof.

. Nanomicellar composition according to any of the claims 16 to 23, characterized in

that it is in the form of a solution, nanoemulsion, microemulsion, coacervate or gel.

. Method of preparation of the nanomicellar composition defined in any of the claims 16

to 24. characterized in that the Cq-Cs-acylated derivative of hyaluronic acid
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according to the general formula (1) is dissolved in water, the biologically active
substance is dissolved in an organic solvent, the resulting solutions are mixed together

and afterwards the organic solvent is removed.

. Method of preparation according to claim 25, characterized in that the organic

solvent is removed by vacuum evaporation. subsequently the aqueous phase is dried
and rehydrated and the resulting nanomicellar structures are filtered and finally

lyophilized.

. Method of preparation according to claim 24, characterized in that the organic

solvent is removed by dialysis. subsequently the resulting nanomicellar structures are

filtered and finally lyophilized.

. Method of preparation according to any of the claims 25 to 27, characterized in that

the organic solvent is a volatile chlorinated solvent, such as trichloromethane, or an

alcohol, such as ethanol or isopropanol.

Method of preparation of the nanomicellar composition defined in claim 16,
characterized in that the C¢-C g-acylated derivative of hyaluronic acid according to
the general formula (1) is dissolved in water and subsequently mixed together with a
biologically active substance, which is liquid and insoluble in water, whereupon the
resulting mixture is homogenized by sonication to form a microemulsion or

nanoemulsion.

Method of preparation of the nanomicellar composition defined in claim 22 or 23,
characterized in that the C¢-Cjg-acylated derivative of hyaluronic acid according to
the general formula (I) is dissolved in water and subsequently mixed together with a
biologically active substance, which is liquid and insoluble in water and in which an
additional biologically active substance is dissolved. whereupon the resulting mixture

is homogenized by sonication to form a microemulsion or nanoemulsion.

Use of the nanomicellar composition defined in any of the claims 16 to 24 in

pharmaceutical or cosmetic applications, preferably in topical applications.

Method of preparation of a stabilized nanomicellar composition, characterized in

that a C¢-C 5-acylated hyaluronan according to the general formula (11) is prepared:
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wherein R represents H" or Na®, one or more R' members are represented by a linear
C¢-Cig-chain in at least one repeating unit, which linear chain can contain unsaturated
bonds, and by 3-(2-thienylacrylic acid or by 3-(2-furyl)acrylic acid or by derivatives
of said acids in another at least one repeating unit, whereupon a nanomicellar
composition is prepared from the C¢-C3-acylated hyaluronan according to the general

formula (11), which composition is then stabilized in a cross-linking reaction.

Method of preparation according to claim 32, characterized in that first hyaluronic
reacts with 3-(2-thienylacrylic acid or 3-(2-furyl)acrylic acid or with a derivative of
either acid under the presence of a base and a catalyst in a mixture of water and a
water-miscible aprotic solvent, said acids being activated with a chloride of
2.4,6-trichlorobenzoic acid or activated with an organic chloride of R3-CO-Cl, wherein
R; is an aliphatic or branched C;-Csp-alkyl, possibly containing a heteroaromatic or

aromatic functional group, to form an acrylated hyaluronan according to the formula
(1L):

= 0 HD"‘\. O
5 s p
't (1D,
QH NH
jf
CH,CO
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afterwards, the acrylated hyaluronan according to the formula (TI) reacts with Cy-C g~

carboxylic acid activated with activated with a chloride of 2,4.6-trichlorobenzoic acid or

“activated with an organic chloride of R;-CO-Cl, wherein R; is an aliphatic or branched C)-

Cio-alkyl, occasionally containing a heteroaromatic or aromatic functional group, under the
presence of a base and a catalyst in a mixture of water and a water-miscible aprotic solvent
to form Cg-Cig-acylated hyaluronan according to the formula (II). subsequently a
nanomicellar composition is prepared from said hyaluronan according to the formula (1)
using the method defined in any of claims 25 to 30, which composition is then subject to a

cross-linking reaction by radical reactions.
34. Method of preparation according to any of claims 32 and 33, characterized in that the
radical reaction is catalyzed by a cross-linking agent.

35. Method of preparation according to claim 34, characterized in that the cross-linking

agent is ammonium peroxydisulfate.



WO 2014/082609 PCT/CZ2013/000156
1/12

hydrophobized HA + NILE RED

20 -
18 W *
16 A .
14
12 *HACSH
10 cmc (HA C16)

mv)

»

w®. cmc{HA C6) BHAC16

l ﬂ“.' i’ *i}**’

oo
i

o n
= am B e

0,00001 0,0001 0,001 0,01 0.1

¢ {mgmiL-1)

[on N S T N &)
:

intensity of fluorescence

FIG. 1




WO 2014/082609 PCT/CZ2013/000156

2/12
7 -
& - +
S 5+ B
g 4 |
5
£ 3 - & * 4
§ 5 ©me (HA L“AS}‘ s ome (HA CB) 4 BCls
=
é‘) P - l “@
P N LLEEE Bl ’
0,00007 0001 0,001 0,01 g
concentration {(mg/mil)

FI1G. 2



WO 2014/082609 PCT/CZ2013/000156
3/12

-

GB-L  SEI 30K X50000 WD3Omm  100mm

SE GB-L  SEI 30KV X100,000 ‘WD 80mm Onm

FIG. 3



WO 2014/082609

< relative cell viability in %

1A

NHOF

BPIX wLBPIX DCWHIXD ¢ 180

i

BPTK S LEPIX HCISIR. (0 -

HPTL FOEPTE wCASPIX

4/12

MCF-7

#£PIX 5 CBPEK HCEHPIXE

23 hod

e

ot @V HCRPTE HLIEPTX

TR WHLEPTX HCIG-PIX

wii B2
1 i

iy

<~-concentration of paclitaxel pug/ml -

FIG. 4

PCT/CZ2013/000156

HCT116

140 BPVK w CHHFIR HCIHPTX

®PTX @ CEPIX #CIRPIX




WO 2014/082609 PCT/CZ2013/000156
5/12

HCT 116 MCE-7

DOX 5 pg/mi

Cé DOX S ug/mi

FI1G.5



WO 2014/082609 PCT/CZ2013/000156
6/12

FIG. 6



WO 2014/082609

PCT/CZ2013/000156
7/12
14 -
=
1,2
o |
g
& |
=
~t
=
(3
%
3
St
= &
& 4 2 3
o 20 40 60 80 100 120 140
time of release (h)
¢ TWEENIOMG/ML B TWEENI MG/ML
| 0,6

0,5 - = =
2 04-
=
=
7]
o 0,3 -
e =
-
=
g
e & @ & % .
o

o 30 50 30 120 150
time of release (h)
% PBS 10 MG/ML B PBS 1 MG/ML

FIG. 7



WO 2014/082609 PCT/CZ2013/000156
8/12
PBS (37°C)
-~ CB+PTX
-~C16+PTX |

cumulative amount of released PTX (%)

10

FIG. 8



WO 2014/082609 PCT/CZ2013/000156
9/12

s

S

o
|

800 ey

FIG. 9



WO 2014/082609 PCT/CZ2013/000156
10/12

FIG. 10



WO 2014/082609 PCT/CZ2013/000156
11/12

(C10)+NR

oil+NR

FIG. 11



WO 2014/082609 PCT/CZ2013/000156
12/12

HA(C6)+NR HA(C10)+NR:

oil+NR

FIG. 12



INTERNATIONAL SEARCH REPORT

International application No

PCT/CZ2013/000156

ADD.

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61K47/36 C08B37/08 Co8L5/08

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61K CO8B CO8L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

EENSCHOOTEN, C.; GUILLAUMIE, F.;
KONTOGEORGIS, G. M.; STENBY, E. H.;
SCHWACH-ABDELLAOUI, K.: "Preparation and
structural characterisation of novel and
versatile amphiphilic octenyl succinic
anhydride-modified hyaluronic acid
derivatives",

CARBOHYDRATE POLYMERS,

vol. 79, no. 3, 2010, pages 597-605,
XP0026806649,

cited in the application

page 597, column 2, line 18 - page 598,
column 1, line 15; figure 1

page 604, column 1, paragraph 3

_/__

1-35

Further documents are listed in the continuation of Box C.

See patent family annex.

filing date

means

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other

* Special categories of cited documents :

"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed

"&" document member of the same patent family

Date of the actual completion of the international search

31 March 2014

Date of mailing of the international search report

04/04/2014

Name and mailing address of the ISA/

Tel. (+31-70) 340-2040,

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Authorized officer

Fax: (+31-70) 340-3016 Zellner, Armin

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/CZ2013/000156
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y WO 2007/033677 Al (NOVOZYMES BIOPOLYMER AS 1-35
[DK]; TOEMMERASS KRISTOFFER [SE];
EENSCHOOTEN) 29 March 2007 (2007-03-29)
cited in the application
page 3, line 10 - page 4, line 16; figures
2,3
Y EP 1 538 166 Al (IND TECH RES INST [TW]) 1-35
8 June 2005 (2005-06-08)
cited in the application
paragraph [0098]
Y LIU, Y.; SUN, J.; CAO. W.; YANG, J.; LIAN, 1-35
H.; LI, X.; SUN, Y.; WANG, Y.; WANG, S.;
HE, Z.: "Dual targeting folate-conjugated
hyaluronic acid polymeric micelles for
paclitaxel delivery",
INTERNATIONAL JOURNAL OF PHARMACEUTICS,
vol. 421, no. 1, 2011, pages 160-169,
XP0028108693,
cited in the application
paragraphs [03.3], [03.4]; figure 14
Y SHEN, Y.; LI, Q.; TU, J.; ZHU, J.: 1-35
"Synthesis and characterization of low
molecular weight hyaluronic acid-based
cationic micelles fbr efficient siRNA
delivery",
CARBOHYDRATE POLYMERS,
vol. 77, no. 1, 2009, pages 95-104,
XP0026019568,
cited in the application
figure 1
Y CN 101 897 976 A (UNIV SHENYANG 1-35
PHARMACEUTICAL)
1 December 2010 (2010-12-01)
abstract
Y LNANAGA, J.; HIRATA, K.; SAEKI. H.; 1-35
KATSUKI, T.; YAMAGUCHI, M.: "A Rapid
Esterification by Means of Mixed Anhydride
and Its Application to Large-ring
Lactonization",
BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN,
vol. 52, no. 7, 1979, pages 1989-1993,
XP001117758,
cited in the application
the whole document
Y WO 2005/028632 A2 (JAMES SUSAN P [US]; 1-35
ZHANG MIN [US]; UNIV COLORADO STATE RES
FOUND [US]) 31 March 2005 (2005-03-31)
examples 1,2
- / -

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/CZ2013/000156

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

Y,P

US 2010/316682 Al (CHEN JUI-HSIANG [TW] ET
AL) 16 December 2010 (2010-12-16)

cited in the application

figures 6a, 6b, 6¢

KEDAR, U.; PHUTANE, P.; SHIDHAYE, S.;
KADAM, V.: "Advances in polymeric
micelles for drug delivery and tumor
targeting",

NANOMEDICINE: NANOTECHNOLOGY, BIOLOGY AND
MEDICINE,

vol. 6, no. 6, 2010, pages 714-729,
XP27547528,

cited in the application

the whole document

LAURA MAYOL ET AL: “Amphiphilic
hyaluronic acid derivatives toward the
design of micelles for the sustained
delivery of hydrophobic drugs",
CARBOHYDRATE POLYMERS,

vol. 102, 1 February 2014 (2014-02-01),
pages 110-116, XP055109658,

ISSN: 0144-8617, DOI:
10.1016/j.carbpo1.2013.11.003

figure 1

1-35

1-35

1-35

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 3 of 3




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/CZ2013/000156
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2007033677 Al 29-03-2007 AU 2006294207 Al 29-03-2007
BR PI10616298 A2 14-06-2011
CA 2621899 Al 29-03-2007
CN 101273065 A 24-09-2008
DK 1931713 T3 11-03-2013
EP 1931713 Al 18-06-2008
JP 5155866 B2 06-03-2013
JP 2009510186 A 12-03-2009
US 2009252810 Al 08-10-2009
US 2011319357 Al 29-12-2011
US 2012283213 Al 08-11-2012
WO 2007033677 Al 29-03-2007

EP 1538166 Al 08-06-2005 AT 423143 T 15-03-2009
CN 1624002 A 08-06-2005
CN 1876185 A 13-12-2006
DK 1538166 T3 11-05-2009
EP 1538166 Al 08-06-2005
GB 2408741 A 08-06-2005
TW 1246516 B 01-01-2006
US 2005123505 Al 09-06-2005

CN 101897976 A 01-12-2010  NONE

WO 2005028632 A2 31-03-2005 CA 2538793 Al 31-03-2005
US 2006281912 Al 14-12-2006
WO 2005028632 A2 31-03-2005

US 2010316682 Al 16-12-2010 US 2010316682 Al 16-12-2010
US 2012283429 Al 08-11-2012

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - wo-search-report
	Page 63 - wo-search-report
	Page 64 - wo-search-report
	Page 65 - wo-search-report

