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COMPOSITION HAVING ANTIMICROBIAL ACTIVITY

*k*k*k

DESCRIPTION

Field of the invention

The present invention relates to the medical-
pharmaceutical field, and more specifically to the
field of ©preparations for topical wuse which have
antimicrobial activity which find application in a wide
range of uses. For example, the composition can be
applied in all those areas where it 1s necessary to
eliminate or reduce the risk of infection caused by
microbes on a wide range of surfaces, in particular on
the epithelial surface.

Background of the invention

Microbial infections represent an important
global health risk affecting millions of people around
the world. Over the years, many drugs and antimicrobial
devices have been developed to improve the treatment or
prevention of microbial infections. However, we are
witnessing at this time a progressive loss of efficacy
of the antibiotic therapies in use and the emergence of
infections resistant to these drugs represents a
potentially devastating damage for the <collective
health, the health systems, and the economies of the
whole world. It is therefore necessary to counterattack
as soon as possible, acting on two fronts: that of
prevention, aimed at avoiding or containing the
development of further resistance and the spread of
infections, which is played on the ground of
surveillance, correct use of antibiotics, and protocols

in hospitals. The other front is the research and
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development of new active ingredients and compositions
with such an activity.

Therefore, the need is strongly felt for new and
alternative compositions with antimicrobial activity
which allow widening the range of action against the
microbial determinants of ©pathologies harmful for
humans and animals.

US patent application US2013/0216606 relates to a
liposomal formulation for administering drugs in the
eye comprising (i) liposomes comprising at least one
lipid bilayer and (ii) a prostaglandin drug and/or a
prostaglandin derivative associated in liposomes,
wherein the liposomes have an average diameter of less
than 2uymn, and the pharmaceutical product comprising the
liposomal formulation and a method for producing the
liposomal formulation for the release of ocular drugs.
In one embodiment thereof, the claimed pharmaceutical
composition is in a form of a viscous aqueous carrier,
wherein the viscous aqueous carrier comprises an
agueous solution of ©polysaccharides, wherein the
polysaccharide is hyaluronic acid.

In literature, the article “Hyaluronic Acid and
its Composites as a Local Antimicrobial /Antiadhesive
Barrier” of the JOURNAL OF BONE AND JOINT INFECTION,
vol.2, no.l, January 1, 2017 (2017-01-01) pages 63-72
reports a study of the antibacterial activity of
hyaluronic acid as such, in particular focused on HA's
ability to destroy Dbiofilms. In particular, great
potential is provided in the case of implants and
tissues of the host. Adhesion studies are conducted in

the case of S. aureus (see summary, figures 2-5).
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The article “Influence of hyaluronic acid on
bacterial and fungal species, including <c¢linically
relevant opportunistic pathogens” on JOURNAL OF
MATERIALS SCIENCE: MATERTIALS IN MEDICINE, KLUWER
ACADEMIC PUBLKISHERS, BO, VOL.22, NO.10, September 4,
2011 ’ pages 2329 -2338), is a study on the
antibacterial effect of hyaluronic acid as such against
certain strains of different Dbacteria. Developmental
inhibition is observed in vitro in many cases and 1is
dose—-dependent (see summary; figures 1-4).

Drulis—-Kawa Zuzanna et Al. in thye article: ™A
comparison of the vitroantimicrobial activity of
liposomes containing meropenem and gentamicin”
published in CELLULAR & MOLECULAR BIOLOGY LETTERS,
UNIVERSITY OF WROCAW. INSTITUTE OF BIOCHEMISTRY,
WROCAW; PL, vol. 11, no.3 January 1901, pages 360-375,
reports a study on the effect of drug encapsulation
(meropenem and gentamicin) with liposomes which are
positively or negatively charged or are neutral.
Meropenem and Gentamicin are antibiotics whose activity
is changed by the type of encapsulation. Cholesterol
and phosphatidylcholine liposomes are preparations to
support octadecylamine and the antibacterial effect of
the antibiotic drugs carried by liposomes is observed.

Unlike the prior art, the present invention
proposes the association of stearylamine in liposomes,
and of hyaluronic acid, or a salt thereof, both in
cross—linked and non-cross—linked form, of which the
marked antimicrobial properties are shown, where the
concentration of each component as well as the molar

ratio between phospholipids and stearylamine in
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liposomes are well defined.

Summary of the invention

The ©present invention first relates to the
association of stearylamine in liposomes and of
hyaluronic acid, or a salt thereof, both in cross-
linked and non-cross—linked form.

The present invention secondly relates to such an
association of stearylamine in liposomes and hyaluronic
acid, or a salt thereof, both in cross-linked and non-
cross—linked form, for use in the treatment of
infections caused by microorganisms of various nature
including bacteria, fungi and yeasts.

The present invention further relates to
compositions comprising said association of
stearylamine in liposomes and hyaluronic acid, or a
salt thereof, both in cross—-linked and non-cross—-linked
form, to be used in personal hygiene for disinfecting
the Dbody surface of humans and animals, for the
disinfection of surfaces in a domestic environment
and/or 1in food service areas, hospitals and in the
treatment and prophylaxis of microbial infections.

In a particularly preferred embodiment, the
composition comprises the association of stearylamine
in liposomes and a cross—linked hyaluronic acid salt
for use 1in the treatment and prophylaxis of ocular
infections caused by microorganisms.

Brief description of the drawings

Figure 1 shows the logarithmic diagram of the
concentration of the inoculum pool of the strains
analyzed in contact with the composition 1 comprising

0.005% w/w Stearylamine.
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Figure 2 shows the logarithmic diagram of the
concentration of the inoculum pool of the strains
analyzed in contact with the composition 2 comprising
0.005% w/w Stearylamine with hyaluronic acid sodium
salt.

Figure 3 shows the logarithmic diagram of the
concentration of the inoculum pool of the strains
analyzed in contact with the composition 3 comprising
0.005% w/w Stearylamine with cross-linked hyaluronic
acid sodium salt.

Figure 4 shows the logarithmic diagram of the
concentration of the inoculum pool of the strains
analyzed in contact with the composition 1 comprising
0.005% w/w Stearylamine liposomes.

Figure 5 shows the logarithmic diagram of the
concentration of the inoculum pool of the strains
analyzed in contact with the composition 5 comprising
0.005% w/w Stearylamine liposomes with hyaluronic acid
sodium salt.

Figure 6 shows the logarithmic diagram of the
concentration of the inoculum pool of the strains
analyzed in contact with the composition 3 comprising
0.005% w/w Stearylamine liposomes with cross-linked
hyaluronic acid sodium salt.

Figure 7 shows the logarithmic diagram of the
concentration of the inoculum pool of the strains
analyzed in contact with the composition 7 comprising
0.00125% w/w Stearylamine liposomes and cross—linked
hyaluronic acid sodium salt.

Figure 8 shows the logarithmic diagram of the

concentration of the inoculum pool of the strains
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analyzed in contact with the composition 8 comprising
0.00125% w/w Stearylamine liposomes and hyaluronic acid
sodium salt.

Figure 9 shows the logarithmic diagram of the
concentration of the inoculum pool of the strains
analyzed in contact with the composition 9 comprising
0.00125% w/w Stearylamine liposomes.

Figure 10 shows the logarithmic diagram of the
concentration of the inoculum pool of the strains
analyzed in contact with the composition 10 comprising
0.0025% w/w Stearylamine liposomes and cross-linked
hyaluronic acid sodium salt.

Figure 11 shows the logarithmic diagram of the
concentration of the inoculum pool of the strains
analyzed in contact with the composition 11 comprising
0.0025% w/w Stearylamine liposomes and hyaluronic acid
sodium salt.

Figure 12 shows the logarithmic diagram of the
concentration of the inoculum pool of the strains
analyzed in contact with the composition 12 comprising
0.0025% w/w Stearylamine liposomes.

Detailed description of the invention

The following description relates in detail to
some particularly preferred embodiments for the
implementation of the invention, with particular
reference to the large experimental section from which
those skilled in the art can easily understand the
considerable advantages related to and resulting from
the use of the present invention.

The various embodiments of the present invention

provide liposomal formulations containing stearylamine
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of wvarious molar ratio Dbetween phospholipids and
stearylamine, where, according to the invention, the
active ingredient is given Dby the association of
liposomes containing stearylamine with hyaluronic acid,
or a salt thereof, preferably in cross—-linked form,
but, as will Dbe shown by the experimental data
presented below, the liposomal formulation containing
stearylamine therein has an antimicrobial effect higher
than non-liposome stearylamine, and furthermore the
addition of hyaluronic acid salt allows obtaining an
enhanced antibacterial and antifungal effect.

In the context of the present description, the
expression “liposomal formulation” indicates a liposome
formulation, where liposomes are artificially prepared
vesicles consisting of double lipid layers which form a
thin membrane consisting of two layers of 1lipid
molecules; double 1lipid layers may be unique or
multiple. These vesicular structures can be filled or
loaded with drugs or active ingredients and used
precisely for the transmission thereof in some
districts otherwise difficult to reach. Therefore, the
drug or active ingredient can be associated with
liposomes, where the term “associated” generally refers
to being coupled, linked, correlated, bound or
encapsulated.

In the wvarious embodiments, the liposomes may
comprise lipids selected from the group of: fatty
acids, glycerolipids, phospholipids,
glycerophospholipids, sphingolipids, saccharolipids,
polyketides sterols and prenols. Liposomes may consist

of natural phospholipids with mixed 1lipid chains or



CA 03099892 2020-11-10

WO 2019/215700 PCT/IB2019/053888

10

15

20

25

30

other surfactants.

In a particularly preferred embodiment of the
present invention, the lipids of the lipid formulation
are phospholipids. Phospholipids are amphipathic
molecules, 1.e. organic compounds having a water-
soluble phosphate-based polar head and a non-water-—
soluble apolar tail, i.e. not soluble in water and
soluble in apolar solvents.

The interest of liposomes 1is clearly linked to
the structural and, therefore, functional properties of
their membrane, whose structure, composition and
proportions are similar to those of the cell membrane.
In an agueous medium, the hydrophobic tails of the
phospholipids attract each other, while the hydrophilic
heads arrange themselves 1in contact with the outside
and with the internal agueous environment, with an
arrangement similar to that of the micelles. Therefore,
double 1lipid layers are formed which close, thus
forming small wvesicles similar to the cells of the
organism and of the organelles thereof.

Such spheres or liposomes form small deposits
which may contain an antigen, an antibiotic, an
allergen, a drug or a gene {(gene therapy) and be
introduced into the Dbody without <causing immune
rejection reactions. In particular, the liposoluble
molecules will Dbe housed in the double layer, the
water—-soluble molecules inside the liposome and the
molecules with mixed properties, Dbetween the double
layer and the inside.

Furthermore, the features of liposomes can be

modified according to the different drugs conveyed. For
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example, 1in order to decrease the degradation rate of
the liposome and slow down the release of the contents
thereof, the composition and dimensions are modified.
It 1is also possible to increase the affinity of the
liposomes for a given tissue Dby changing their
composition and electric charge. For example, according
to the present invention, the addition of stearylamine
gives the liposomal formulation a positive charge.

Hyaluronic acid is a high molecular weight
polysaccharide of the glycosaminoglycan group.
Hyaluronic acid consists of a linear chain consisting
of disaccharide wunits o©of N-acetylglucosamine and
glucuronic acid. Hyaluronic acid 1is one of the main
components of connective tissue and has an important
structural role in the skin, along with collagen and
elastin. The main property of hyaluronic acid is to
bind a high number of water molecules ensuring the
hydration of the skin. Due to its high affinity with
water, hyaluronic acid is used as a skin moisturizer.
In fact, when applied to the skin, it forms a thin film
which keeps i1t smooth and hydrated. Finally, the
smaller molecules are able to penetrate the
subcutaneous layers giving firmness to the tissues and
causing a temporary filling and smoothing of small
wrinkles.

Surprisingly, it has been found that the
stearylamine liposomes associated with hyaluronic acid
or a salified form of hyaluronic acid, in particular in
cross—linked form, are provided with antimicrobial
activity, preferably the salt is a sodium salt.

In the association according to the present
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invention, stearylamine ranges between 0.001 and 0.01%
by weight, preferably Dbetween 0.0125 and 0.005% by
weight, more preferably in the association according to
the invention, stearylamine is present in a
concentration equal to 0.025% by weight.

Hyaluronic acid, or salt thereof, preferably
sodium salt, in the association according to the
invention, is at a concentration ranging from 0.05 to
0.5% by weight, preferably from 0.1 to 0.3% by weight,
more preferably 1in the association according to the
invention, the hyaluronic acid salt is present at a
concentration of 0.15% by weight. In a particularly
preferred embodiment, hyaluronic acid is cross—-linked.

In another aspect, the present invention relates
to the composition comprising the liposomal formulation
described above and pharmaceutically accepted
excipients. Said composition may further comprise
active 1ingredients, buffering agents, preservatives,
diluents, carriers and wetting agents.

The technical features of the second composition
are such as to allow sterilization Dby 0.Z2-micron
filtration, making it suitable for all uses in which
sterility is required.

The formulation of the composition according to

the invention is given below by way of example:

Example 1
Ingredient S w/w
Phospholipids E8Q 0.500
Stearylamine 0.001-0.010
Cross—linked hyaluronic acid 0.05-0.5
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Sodium chloride 0.480
Monobasic sodium phosphate

0.225
dihydrate
Dibasic sodium phosphate dihydrate 0.685
Trehalose 0.30
Distilled water g.s. to 100 g

According to the formulation of example 1, the
buffering capacity is provided by the monobasic/dibasic
sodium phosphate system, however it will be apparent to
those skilled in the art that in some embodiments
according to the present invention other buffer systems
known in the field may be used, such as for example the
citrate or borate buffer system, which have been shown
to provide adequate buffering capacity to maintain the
pPH wvalue in the desired range, as 1n example 2

presented below.

Example 2

Ingredient % w/w
Phospholipids E8Q 0.500
Stearylamine 0.001-0.010
Cross—linked hyaluronic acid 0.05-0.5
Sodium chloride 0.450
Boric acid 0.775
Sodium tetraborate decahydrate 0.125
Trehalose 0.30
Distilled water g.s. to 100 g
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According to a further aspect of the invention,
the described composition is used by exploiting its
antimicrobial activity, demonstrated in particular with
respect to Dbacteria, fungi and yeasts; therefore, it
can be useful in deep cleaning and personal hygiene for
disinfecting the body surface of humans and animals,
for the disinfection of surfaces 1in a domestic
environment, 1in food service areas, in hospitals and
the like, and for use in the treatment and prophylaxis
of microbial infections.

In particular, another aspect of the present
invention relates to pharmaceutical compositions
comprising the liposomal formulation of stearylamine in
association with hyaluronic acid, or a salt thereof, in
particular in a cross—-linked form, where the salt 1is
sodium salt.

In a particularly preferred embodiment, such
pharmaceutical compositions are in the form of an
ophthalmic solution with antimicrobial activity for use
in the treatment of eye infections caused by bacteria,
fungi and vyeasts, such as, by way of example,
Pseudomonas aeruginosa, Staphylococcus aureus,
Aspergillus niger and Candida albicans.

The presence of stearylamine makes the liposomal
formulation, and therefore the pharmaceutical
composition for ophthalmic use, positively charged and
therefore particularly adapted to be retained on the
surface of the corneal epithelium, which like all cell
membranes is negatively charged. Therefore, the
electrostatically attracted ophthalmic composition 1is

retained on the ocular surface and able to perform
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better the delivery action and its therapeutic action.
On the contrary, anionic compositions tend not to be
integrated into the epithelium, but rather repulsed by
the epithelium and remain in the tear film, thus being
more effective as artificial tears or lipid film
integrators.

By way of example, the formulations of the
ophthalmic composition according to the present
invention comprising the liposome formulation of
stearylamine and cross—linked hyaluronic acid sodium

salt are given in a particularly preferred embodiment.

Example 3
Ingredient S w/w
Phospholipids E8Q 0.500
Stearylamine 0.0025
Cross—linked hyaluronic acid 0.15
Sodium chloride 0.480
Monobasic sodium phosphate
0.225
dihydrate
Dibasic sodium phosphate dihydrate 0.685
Trehalose 0.30
Distilled water g.s. to 100 g
Example 4
Ingredient S w/w
Phospholipids E8Q 0.500
Stearylamine 0.0025
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Cross—linked hyaluronic acid 0.05-0.5
Sodium chloride 0.450
Boric acid 0.775
Sodium tetraborate decahydrate 0.125
Trehalose 0.30
Distilled water g.s. to 100 g
Example 5

Ingredient % w/w
Phospholipids E8Q 0.500
Stearylamine 0.00125
Cross—linked hyaluronic acid 0.05-0.5
Sodium chloride 0.450
Boric acid 0.775
Sodium tetraborate decahydrate 0.125
Trehalose 0.30
Distilled water g.s. to 100 g

The technical effect of the present invention in
the various aspects and 1in the various embodiments
thereof will now be described through the
experimentation conducted, by means of which those
skilled in the art will be able to appreciate the
advantages deriving from its use.

EXPERIMENTAL PART

The antimicrobial activity of the composition
comprising the combination of stearylamine liposomes
and hyaluronic acid, or of a salt thereof, both in
cross—-linked and non-cross-linked form, according to

the invention was evaluated by “Challenge test” and the
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synergistic effect given by the particular association

of ingredients o©f the 1liposomal formulation was
analyzed by comparing the activity of similar
compositions which differ in the ©presence of a
5 component or a technical feature, for example the
liposomal formulation, or the cross—-linked or non-—
cross—linked form.
CHALLENGE TEST 1
Analyzed compositions:
10 Composition 1: 0.005% w/w stearylamine solution;
Composition 2: 0.005% w/w stearylamine solution
with hyaluronic acid sodium salt;
Composition 3: 0.005% w/w stearylamine solution
with cross—-linked hyaluronic acid sodium salt;
15 Composition 4: 0.005% w/w stearylamine liposomes;
Composition 5: 0.005% w/w stearylamine solution
liposomes with hyaluronic acid sodium salt;
Composition 6: 0.005% w/w stearylamine liposomes
with cross—-linked hyaluronic acid sodium salt.
20 Table 1 shows the differences in composition of
the solutions tested in the following study.
Table 1
Composit | Composit | Composit | Composit | Composit | Compositi
ion 1 ion 2 ion 3 ion 4 ion 5 on 6
Phosph - - - 0.5% 0.5% 0.5%
olipid (w/w) (w/w) (w/w)
s E80
Steary 0.005% 0.005% 0.005% 0.005% 0.005% 0.005%
lamine (w/w) (w/w) (w/w) (w/w) (w/w) (w/w)
Cross— - - -0.15 % - - 0.15 Sw/w
linked w/w
hyalur
onic
acid
Hyalur - 0.15 - - 0.15 -
onic Sw/w Sw/w
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acid
Sodium 0.48% 0.48% 0.48% 0.48% 0.48% 0.48%
chlori (w/w) (w/w) (w/w) (w/w) (w/w) (w/w)
de
Monoba 0.225% 0.225% 0.225% 0.225% 0.225% 0.225%
sic (w/w) (w/w) (w/w) (w/w) (w/w) (w/w)
sodium
phosph
ate
dihydr
ate
Dibasi 0.685% 0.685% 0.685% 0.685% 0.685% 0.685%
c (w/w) (w/w) (w/w) (w/w) (w/w) (w/w)
sodium
phosph
ate
dihydr
ate
Trehal | 3% (w/w) | 3% (w/w) 3% (w/w) 3% (w/w) | 3% (w/w) 3% (w/w)
ose
Distil g.s. to g.s. to g.s. to g.s. to g.s. to g.s. to
led 100 100 100 100 100 100
water

Strains analyzed:

Pseudomonas aeruginosa ATCC 9027;

Staphylococcus aureus ATCC 6538;

Candida albicans ATCC 10231;

5 Aspergillus niger ATCC 16404.

The counts of the colonies on the plate were
performed at T@h, Toans T7dd, Tisadr To28aa according to the
method of the F.U.I. (Farmacopea Ufficiale Italiana,
Italian Official Pharmacopoeia), XII edition. The

10 reference values set by the F.U.I. XII ed. provide an
inoculation of bacteria of between 10’ 10® cfu/ml,
and an inoculation of fungi and yeasts of between 10° -
10° cfu/ml.

The F.U.I. XII ed. distinguishes between criteria

15 A, which represent the effectiveness that is

recommended to be achieved, and criteria B which apply

in justified cases where criteria A cannot be met, for
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example due to an increased risk of undesired

reactions. Table 4 shows the fulfillment of the

10

15

20

25

criteria recommended by the F.U.I. XII ed. In order to

be able to meet the criteria A, a composition must be

capable of providing a reduction of 2 logarithmic units
of the concentration of the bacterial inoculum after 6

hours from contact and of three logarithmic units

within 24 hours from contact. Criteria B includes the

composition capable of providing the reduction of a

logarithmic unit within 24 hours and of three

logarithmic wunits within 7 days. As regards fungal

strains, the composition meets the criteria A of the

Pharmacopoceia when it is —capable of providing a
reduction of 2 logarithmic wunits of the initial
inoculum concentration after 7 days from contact, the
composition meets the criteria B when the reduction
amounts to one logarithmic unit after 14 days.

Table 2 - logarithmic reduction

Ten Toan Traa T144q T2844

Criteria A bacteria 2 units | 3 units - - NR
Criteria B bacteria - 1 unit 3 units - No increase, NI
Fungi/yeast criteria A - - 2 - NI
Fungi/yeast criteria B - - - 1 NI

Results

Composition 1 - 0.005% w/w stearylamine solution.

The results relating to the composition 1

comprising 0.005%

tables 3 and 4.
Table 3 -

as a function of time.

Count of living microorganisms

by weight stearylamine are shown in

(cfu/ml)
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Pseudomonas aeruginosa ATCC cfu/ml Log
9027
Inoculum 7x107 7.8
Ten 1x10° 6.0
Toan 1x1072 2.0
To4a 1x102 2.0
T1oaa 1x107? 2.0
T284a 7x10! 1.8
Staphylococcus aureus ATCC cfu/ml Log
6538
Inoculum 1x10°® 8.0
Ten 1x107 7.0
Tosn 3x10° 4.5
T74q 3x10* 4.5
T1oaq 3x10* 4.5
T284a 1x10° 4.0
Candida albicans ATCC 10231
Inoculum 2x10° 6.3
Ten 1x10° 6.0
Toan 5x10° 3.7
T4q 5x10° 3.7
T1oaq 5x10° 3.7
Trgaa 2x10° 3.3
Aspergillus niger ATCC 16404
Inoculum 1x10° 6.0
Ten 7x10° 5.8
Toan 3x10° 3.5
T7aq 3x10° 3.5
T1cad 3x10° 3.5
Trgaa 1x10° 3.0
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Table 4 - Logarithmic reduction in the number of

microorganisms as a function of time.

Ten Toan Traq Ti4a9 Tr8aa
Pseudomonas 1.8 5.8 5.8 5.8 6.0
aeruginosa ATCC 9027
Staphylococcus aureus 1.0 3.5 3.5 3.5 4.0
ATCC 6538
Candida albicans ATCC 0.3 2.6 2.6 2.6 3.0
10231
Aspergillus niger 0.2 2.5 2.5 2.5 3.0
ATCC 16404

The composition 1 according to the ©present
invention comprising only stearylamine at a
concentration of 0.005% by weight, meets the criteria B
recommended by the Italian Official Pharmacopoeia XII
ed.; the Dbacteriostatic activity thereof against
Staphylococcus aureus (T24n—T1424q) and the gradual
decrease 1in the concentration of the microorganism
after 28 days have been demonstrated. Bacteriostatic
activity has also Dbeen shown against Pseudomonas
aeruginosa (To4n—T1444q) with slow decrease of the
microorganism at 28 days. Finally, the composition 3
tested showed fungistatic action towards Candida
albicans and Aspergillus niger (Tysn—Ti14qq), SlOw decrease
in the concentration of inocula at 28 days. The results
obtained in wvitro with composition 1 are plotted in
figure 1.

Composition 2 - 0.005% w/w stearylamine solution

with hyaluronic acid sodium salt.

The results relating to composition 2 comprising
the association of 0.005% by weight stearylamine and
non—-cross—linked hyaluronic acid sodium salt are shown

in tables 5 and 6.
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Table 5 - Count of living microorganisms (cfu/ml) as a
function of time.
Pseudomonas aeruginosa cfu/ml Log
ATCC 9027
Inoculum 7x107 7.8
Ten 3x10° 6.5
Tosn 8x10* 4.9
Toad 4x10* 4.6
T14aq 4x%10* 4.6
Tog4a 1x10° 3.0
Staphylococcus aureus ATCC cfu/ml Log
6538
Inoculum 1x10°8 8.0
Tep, 1x10’ 7.0
Toun 2x10? 4.3
To4a 2x10* 4.3
T14aq 2x10? 4.3
T28ad 4x%10° 3.6
Candida albicans ATCC 10231
Inoculum 2x10° 6.3
Tep, 1x10° 5.0
Toun 2x102 2.3
Taa 7x10" 1.8
T144a 7x10" 1.8
T28ad 4x%10* 1.6
Aspergillus niger ATCC 16404
Inoculum 1x10° 6.0
Tep, 1x10° 5.0
Tosn 2x102 2.3
To4a 1x102 2.0
T14aq 1x10° 2.0
T28ad 3x10° 1.5
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Table 6 - Logarithmic reduction in the number of
microorganisms as a function of time.
T6h T24h T7dd T14dd T28dd
Pseudomonas 1.3 2.9 3.2 3.2 4.8
aeruginosa ATCC 9027
Staphylococcus aureus 1.0 3.7 3.7 3.7 4.4
ATCC 6538
Candida albicans ATCC 1.3 4.0 4.5 4.5 4.7
10231
Aspergillus niger 1.0 3.7 4.0 4.0 4.5
ATCC 16404
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The composition 2 according to the present
invention comprising the association of 0.005% Dby
weight stearylamine and non-cross—linked hyaluronic
acid sodium salt meets the criteria B recommended by
the Italian Official Pharmacopoeia XII ed. The
composition was provided with bacteriostatic ability
against Staphylococcus aureus (Tysn—Tiaaqy with a gradual
decrease in the concentration of the microorganism at
28 days, bacteriostatic activity (T7qa—T14aq) and
subsequent fair decrease (T7qq—Ti14qq) thereof is reported
against Pseudomonas aeruginosa. Likewise, the analyzed
composition has been shown to have fungistatic activity
towards Candida albicans and Aspergillus niger (Tjgqq—
T14aq4) - The results obtained in vitro with composition 2
are plotted in figure 2.

Composition 3 - 0.005% w/w stearylamine solution

with cross—linked hyaluronic acid sodium salt.

The results relating to composition 3 comprising
the association of 0.005% by weight stearylamine and
cross—linked hyaluronic acid sodium salt are shown in

tables 7 and 8.
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Table 7 - Count of living microorganisms (cfu/ml) as a
function of time.
Pseudomonas aeruginosa cfu/ml Log
ATCC 9027
Inoculum 7x10’ 7.8
Ten 5x107 7.7
Tosn 1x10* 4.0
T7aa 1x10° 4.0
T14aq 1x10* 4.0
Tr8aa 1x10! 1.0
Staphylococcus aureus ATCC cfu/ml Log
6538
Inoculum 1x10°8 8.0
Tep, 1x10° 8.0
T,un 6x107 7.8
T7aq 1x10° 4.0
T144a 1x10° 4.0
T2eaa 17x10" 2.2
Candida albicans ATCC 10231
Inoculum 2x10° 6.3
Tep, 1x10° 6.0
T,an 4x10° 3.6
T7aq 2x10° 3.3
Ticaa 25x10" 2.4
T28ad 2x10?! 1.3
Aspergillus niger ATCC 16404
Inoculum 1x10° 6.0
Tep, 7x10° 5.8
Tosn 5x10° 3.7
Toua 1x10° 3.0
T14aq 1x107? 2.0
T28ad 1x10! 1.0
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Table 8 - Logarithmic reduction in the number of
microorganisms as a function of time.
T6h T24h T7dd T14dd T28dd
Pseudomonas 0.1 3.8 3.8 3.8 6.8
aeruginosa ATCC 9027
Staphylococcus aureus 0.0 0.2 4.0 4.0 5.8
ATCC 6538
Candida albicans ATCC 0.3 2.7 3.0 3.9 5.0
10231
Aspergillus niger 0.2 2.3 3.0 4.0 5.0
ATCC 16404
The composition 3 according to the present
invention comprising the association of 0.005% Dby

10

15

20

weight stearylamine and cross—-linked hyaluronic acid

sodium salt meets the criteria B recommended Dby the

Italian Official Pharmacopoeia XIIT ed.; the

bacteriostatic activity against Pseudomonas aeruginosa

and Staphylococcus aureus (T7qa—Ti12qq) has

(T24n—T14qq4)

been demonstrated, then a good decrease in the

concentration of the inocula is observed at 28 days,
especially against Pseudomonas aeruginosa. Satisfactory
activity against Candida albicans and Aspergillus
niger. The results obtained in vitro with composition 3
are plotted in figure 3.

0.005% w/w

Composition 4 - stearylamine

liposomes.

The results relating to the composition 4
comprising liposomes of 0.005% by weight stearylamine

are shown in tables 9 and 10.
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Table 9 - Count of living microorganisms (cfu/ml) as a
function of time.
Pseudomonas aeruginosa cfu/ml Log
ATCC 9027
Inoculum 6x10°8 8.8
Ten 6x10° 6.8
Toan 6x10" 1.8
Toad 6x10" 1.8
T14aq 6x10! 1.8
Togad 6x10! 1.8
Staphylococcus aureus ATCC cfu/ml Log
6538
Inoculum 4x10° 8.6
Ten 2x10° 6.3
Toun 20x10! 2.3
To4a 20x10! 2.3
T14aq 2x10?! 2.0
T28ad 1x10! 1.0
Candida albicans ATCC 10231
Inoculum 12x10° 6.1
Ten 2x10° 5.3
Toun 1x10* 1.0
T7aa NR NR
T14aq NR NR
T284a NR NR
Aspergillus niger ATCC 16404
Incculum 1x10° 6.0
Ten 2x10° 5.3
Toun 1x10* 1.0
T7aa NR NR
T144a NR NR
T284a NR NR
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Table 10 - Logarithmic reduction in the number of

microorganisms as a function of time.

T6h T24h T7dd T14dd T28dd
Pseudomonas 2.0 7.0 7.0 7.0 7.8
aeruginosa ATCC 9027
Staphylococcus aureus 2.3 6.3 6.3 7.3 7.6
ATCC 6538
Candida albicans ATCC 0.8 5.1 NR NR NR
10231
Aspergillus niger 0.7 5.0 NR NR NR
ATCC 16404

The composition 4 according to the present
invention comprising the liposomal formulation of
0.005% by weight stearylamine meets the criteria A
recommended by the Italian Official Pharmacopoeia XII
ed.; the bacteriostatic activity against Staphylococcus
aureus (T24n—T7a4) with a gradual decrease 1in the
concentration of the microorganism at 28 days, and
against Pseudomonas aeruginosa (Tesn—Tiaa) wWith a gradual
decrease in the concentration of the microorganism at
28 days, has Dbeen demonstrated. Good activity 1is
observed against Candida albicans and Aspergillus
niger. The results obtained in vitro with composition 4
are plotted in figure 4.

Composition 5 - Liposomes of 0.005% w/w

stearylamine solution with hyaluronic acid sodium salt.

The results relating to the composition 5
comprising the liposomal formulation of 0.005%
stearylamine in association with the non-cross-linked
hyaluronic acid sodium salt are shown in tables 11 and

12.
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Table 11 - Count of living microorganisms (cfu/ml) as a
function of time.
Pseudomonas aeruginosa cfu/ml Log
ATCC 9027
Inoculum 3x10°8 8.5
Ten 3x10° 6.5
Toan 3x10! 1.5
T7aa 3x10?! 1.5
T14aa 3x10! 1.5
T284a 1x10°! 1.0
Staphylococcus aureus ATCC cfu/ml Log
6538
Inoculum 2x10°8 8.3
Ton 1x10° 6.0
Toun 1x10* 4.0
To4a 1x10* 1.0
T1sqa 1x10°! 1.0
Togad 1x10" 1.0
Candida albicans ATCC
10231
Inoculum 12x10° 6.1
Ton 12x10° 5.1
Toan 1x10* 1.0
T7aa NR NR
T1sqa NR NR
Tosad NR NR
Aspergillus niger ATCC
16404
Inoculum 1x10° 6.0
Ten 1x10° 5.0
Toan 1x10* 1.0
T7aa NR NR
T1aaa NR NR
T2s4q NR NR
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Table 12 - Logarithmic reduction in the number of

microorganisms as a function of time.

T6h T24h T7dd T14dd T28dd
Pseudomonas 2.0 7.0 7.0 7.0 7.5
aeruginosa ATCC 9027
Staphylococcus aureus 2.3 4.3 7.3 7.3 7.3
ATCC 6538
Candida albicans ATCC 1.0 5.1 NR NR NR
10231
Aspergillus niger 1.0 5.0 NR NR NR
ATCC 16404

The composition 5 according to the ©present
invention comprising the liposomal formulation of
0.005% Dby weight stearylamine and non-cross—-linked
hyaluronic acid sodium salt meets the criteria A
recommended by the Italian Official Pharmacopoeia; its

bacteriostatic activity against Staphylococcus aureus

(T+7aa—T28ad) and the Dbacteriostatic activity against
Pseudomonas aeruginosa (Toan—T1244) have been
demonstrated, with gradual decrease of the

microorganism at 28 days, while the microbicidal
activity is good against Candida albicans and
Aspergillus niger. The results obtained in wvitro with
composition 5 are plotted in figure 5.

Composition 6 - Liposomes of 0.005% w/w
stearylamine solution with cross-linked hyaluronic acid
sodium salt.

The results relating to the composition 5
comprising the liposomal formulation of 0.005%
stearylamine in association with the <cross—-linked
hyaluronic acid sodium salt are shown in tables 13 and

14.
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Table 13 - Count of living microorganisms (cfu/ml)
as a function of time.
Pseudomonas aeruginosa cfu/ml Log
ATCC 9027
Inoculum 1x10°8 8.0
Ton 1x10° 6.0
Tosn No recovery, NR NR
T7aa NR NR
Tioaa NR NR
T284a NR NR
Staphylococcus aureus ATCC cfu/ml Log
6538
Inoculum 2x10°8 8.3
Ton 1x10° 6.0
Toan 1x10* 1.0
T7aq 1x10" 1.0
T1sqa NR NR
T284a NR NR
Candida albicans ATCC
10231
Inoculum 12x10° 6.1
Ton 7x10° 4.8
Toan 1x10* 1.0
Toaa NR NR
T1sqa NR NR
Tosaa NR NR
Aspergillus niger ATCC
16404
Inoculum 1x10° 6.0
Ten 1x10° 5.0
Toan 1x10* 1.0
Toaa NR NR
T1sqa NR NR
Tosaa NR NR
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Table 14 - Logarithmic reduction in the number of

microorganisms as a function of time.

Ton Togn T7a4 T14a4 T2g8ad
Pseudomonas 2.0 7.0 NR NR NR
aeruginosa ATCC 9027
Staphylococcus aureus 2.3 7.3 7.3 7.3 NR
ATCC 6538
Candida albicans ATCC 1.3 5.1 NR NR NR
10231
Aspergillus niger 1.0 5.0 NR NR NR
ATCC 16404

The composition 6 according to the present
invention comprising the 1liposomal formulation in
association with 0.005% stearylamine and cross-linked
hyaluronic acid sodium salt meets the criteria A
recommended by the Italian Official Pharmacopoeia, its
bacteriostatic activity against Staphylococcus aureus
(T24n—T14qq4) has been demonstrated, no recovery of the
microorganism has been observed at 28 days while the
microbicidal activity is good against Pseudomonas
aeruginosa, Candida albicans and Aspergillus niger. The
results obtained in vitro with composition 6 are
plotted in figure 6.

The data obtained from the in vitro
experimentation conducted by means of Challenge test
showed first of all the better microbicidal performance
of the composition according to the invention
comprising the association of a liposomal formulation
of 0.005% by weight stearylamine and a sodium salt of
hyaluronic acid with respect to the composition having
similar formulation but without liposomes (compositions
4, 5, and 6 vs. compositions 1, 2 and 3). The liposomal
formulation definitely gives the composition a
technical character which improves the final effect
thereof. Moreover, another unexpected data i1s obtained

from the experimentation, i.e. the sodium salt of
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hyaluronic acid in cross—-linked form with respect to
the non-cross—linked form represents an improving
technical feature of the final effect of the
composition, both in the liposomal formulation and in
the formulation without liposomal structures, as can be
seen 1in the accompanying graphs (composition 2 vs.
composition 3, and composition 5 vs. composition 6).

However, stearylamine at a concentration of 0.005%
by weight is associated with a certain toxicity which,
although not contraindicated in the composition of a
product for sanitizing use, for example, to be used for
cleaning the house or food or even on the skin of the
hands, may not allow hypothesizing the use thereof in a
pharmaceutical composition for topical wuse on the
surface of the corneal epithelium.

To this end, the microbicide activity was analyzed
using the Challenge test method on the same microbial
strains of compositions which according to the present
invention comprise the association of a liposomal
formulation of stearylamine with hyaluronic acid sodium
salt, both in cross—-linked form and in non-cross-linked
form, at the stearylamine concentration equal to
0.00125 and 0.0025% by weight, respectively.

CHALLENGE TEST 2

Given the improved performance of the
compositions comprising the liposomal formulation, it
was decided to focus attention on the latter.

Analyzed compositions:

Composition 7 0.00125% w/w stearylamine liposomes

with cross—linked hyaluronic acid sodium salt;
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Composition 8 0.00125% w/w stearylamine solution

liposomes with hyaluronic acid sodium salt;
0.00125% w/w

Composition 9 stearylamine

liposomes;

5 Composition 10 0.0025% w/w stearylamine liposomes
with cross—linked hyaluronic acid sodium salt;
Composition 11 0.0025% w/w stearylamine liposomes
with hyaluronic acid sodium salt;
Composition 12: 0.0025% stearylamine liposomes.
10 Table 15 shows the differences in the composition
of the solutions tested in the following study.
Table 15
Composition Composition Composition Composition Composition Composition
7 8 9 10 11 12
Phospholipid 0.5% (w/w) 0.5% (w/w) 0.5% (w/w) 0.5% (w/w) 0.5% (w/w) 0.5% (w/w)
s E80
Stearylamine 0.00125% 0.00125% 0.00125% 0.0025% 0.0025% 0.0025%
Y (w/w) (w/w) (w/w) (w/w) (w/w) (w/w)
Cross-linked 0.15 & w/w - 0.15 & w/w
hyaluronic
acid
Hyaluronic - 0.15 % w/w - - 0.15 & w/w
acid
Sodium 0.48% (w/w) | 0.48% (w/w) | 0.48% (w/w) | 0.48% (w/w) | 0.48% (w/w) | 0.48% (w/w)
chloride
Monobasic 0.225% 0.225% 0.225% 0.225% 0.225% 0.225%
sodium (w/w) (w/w) (w/w) (w/w) (w/w) (w/w)
phosphate
dihydrate
Dibasic 0.685% 0.685% 0.685% 0.685% 0.685% 0.685%
sodium (w/w) (w/w) (w/w) (w/w) (w/w) (w/w)
phosphate
dihydrate
Trehalose 3% (w/w) 3% (w/w) 3% (w/w) 3% (w/w) 3% (w/w) 3% (w/w)
Distilled g.s. to 100 g.s. to 100 g.s. to 100 g.s. to 100 g.s. to 100 g.s. to 100
water
Composition 7 — Liposomes of 0.00125% w/w
stearylamine solution with cross-linked hyaluronic acid
15 sodium salt.

20

The results relating to composition 7 comprising

the liposomal formulation of 0.00125% Dby weight

stearylamine and cross—linked hyaluronic acid sodium

salt are shown in tables 16 and 17.
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Table 16 - Count of living microorganisms (cfu/ml)
as a function of time.
Pseudomonas aeruginosa cfu/ml Log
ATCC 9027
Inoculum 3x10° 8.5
Tgp 3x10° 6.4
Toan 1x10* 1.0
T7aa NR NR
T1sqa NR NR
T2s4a NR NR
Staphylococcus aureus ATCC cfu/ml Log
6538
Inoculum 9x10° 8.9
Top 6x10° 6.8
Toan 3x107 2.5
T7aq 6x10" 1.8
T1444 3x10" 1.5
T2s4q 1x10! 1.0
Candida albicans ATCC
10231
Inoculum 1x10° 6.0
Ten 1x10* 4.0
Toan 1x10* 1.0
Toaa NR NR
T144a NR NR
Tr84a NR NR
Aspergillus niger ATCC
16404
Inoculum 2x10° 6.3
Ton 1x10° 4.0
Toan 1x10* 1.0
Toaa NR NR
T1449 NR NR
Tr84a NR NR

Table 17 - Logarithmic reduction in the number of



CA 03099892 2020-11-10

WO 2019/215700 PCT/IB2019/053888

10

15

20

33

microorganisms as a function of time.

T6h T24h T7dd T14dd T28dd
Pseudomonas 2.1 7.5 NR NR NR
aeruginosa ATCC 9027
Staphylococcus aureus 2.1 6.4 7.1 7.4 7.9
ATCC 6538
Candida albicans ATCC 2.0 5.0 NR NR NR
10231
Aspergillus niger 2.3 5.3 NR NR NR
ATCC 16404

The composition 7 according to the ©present
invention comprising the liposomal formulation of
0.00125% by weight stearylamine and cross—-linked
hyaluronic acid sodium salt meets the criteria A
recommended by the Italian Official Pharmacopoceia: the
total reduction of the 1initial <concentration of
Pseudomonas aeruginosa, Candida albicans and
Aspergillus niger inocula at Tjgqq 1s reported. 1In
relation to the Staphylococcus aureus strain, a good
reduction in the initial concentration of the inoculum
is observed at 7 days and subsequent decrease at 28
days.

The results obtained in wvitro with composition 7 are
plotted in figure 7.

Composition 8 - Liposomes of 0.00125% w/w

stearylamine solution with hyaluronic acid sodium salt.

The results relating to composition 8 comprising
the liposomal formulation of 0.00125% Dby weight
stearylamine and cross—linked hyaluronic acid sodium

salt are shown in tables 18 and 19.

Table 18 — Count of living microorganisms (cfu/ml) as a

function of time.

Pseudomonas aeruginosa cfu/ml Log
ATCC 9027

Inoculum 3x10°8 8.5
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Top 3x10° 6.5
Toan 1x102 2.0
T7aq 3x10" 1.5
Ty 2x10" 1.3
Toeaa 1x10* 1.0
Staphylococcus aureus ATCC cfu/ml Log
6538
Inoculum 9x10°8 8.9
T, 9x10° 6.9
Toan 3x10* 4.5
T7aa 9x102 2.9
T1449 5x10* 1.7
T284a 1x10°! 1.0
Candida albicans ATCC
10231
Inoculum 1x10° 6.0
Ton 1x10° 4.0
Toan 1x10* 1.0
Toaa NR NR
T1sqa NR NR
T284a NR NR
Aspergillus niger ATCC
16404
Inoculum 2x10° 6.3
Ton 1x10° 4.0
Toan 1x10* 1.0
Toaa NR NR
T1sqa NR NR
Tr84a NR NR
Table 19 - Logarithmic reduction in the number of

microorganisms as a function of time.
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T6h T24h T7dd T14dd T28dd
Pseudomonas 2.0 6.5 7.0 7.2 7.5
aeruginosa ATCC 9027
Staphylococcus aureus 2.0 4.4 6.0 7.2 7.9
ATCC 6538
Candida albicans ATCC 2.0 5.0 NR NR NR
10231
Aspergillus niger 2.3 5.3 NR NR NR
ATCC 16404

The composition 8 according to the present
invention comprising the liposomal formulation of
0.00125% by weight stearylamine and non-cross—linked
hyaluronic acid sodium salt meets the criteria A
recommended by the Italian Official Pharmacopoceia. The
results of the trial showed good antifungal activity
towards Candida albicans and Aspergillus niger (no
recovery at Tyqq), while for the Staphylococcus aureus
strain (contact time Tosnw—Tosaq) Slow decrease of the
initial concentration of the inoculum. For Pseudomonas
aeruginosa (contact times T,4n—T2gad), @ gradual and slow
decrease in the initial concentration of the inoculum
is observed, although a good reduction is already
evident at shorter contact times (contact times Ten—
Tomm) -

The results obtained in vitro with composition 8
are plotted in figure 8.

Composition 9 - 0.00125% w/w stearylamine

liposomes.

The results relating to composition 9 comprising
the liposomal formulation of 0.00125% Dby weight
stearylamine in association with cross—linked
hyaluronic acid sodium salt are shown in tables 20 and
21,

Table 20 - Count of living microorganisms (cfu/ml) as a

function of time.
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Pseudomonas aeruginosa cfu/ml Log
ATCC 9027
Inoculum 3x10° 8.5
Top 3x10° 6.5
Toan 1x107? 2.0
T7aq 5x10" 1.7
T1sqa 2x10" 1.3
Toeaa 1x10* 1.0
Staphylococcus aureus ATCC cfu/ml Log
6538
Inoculum 9x10° 8.9
Top 6x10° 6.8
Toan 3x107 2.5
T7aq 1x10° 2.0
Ti4aa 3x10! 1.5
Toeaa 1x10* 1.0
Candida albicans ATCC
10231
Inoculum 1x10° 6.0
Ten 1x10* 4.0
Toan 1x102 2.0
Toaa NR NR
Ti24a NR NR
T284a NR NR
Aspergillus niger ATCC
16404
Inoculum 2x10° 6.3
Ton 1x10° 4.0
Toan 1x102 2.0
Toaa NR NR
Ti24a NR NR
Toeaa NR NR
Table 21 - Logarithmic reduction the number of

microorganisms as a function of time.
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Ten Toan Traq Ti4a9 Tr8aa
Pseudomonas 2.0 6.5 6.8 7.2 7.5
aeruginosa ATCC 9027
Staphylococcus aureus 2.1 6.4 6.9 7.4 7.9
ATCC 6538
Candida albicans ATCC 2.0 4.0 NR NR NR
10231
Aspergillus niger 2.3 4.3 NR NR NR
ATCC 16404

The composition 9 according to the present
invention comprising the liposomal formulation of
0.00125% by weight stearylamine in association with
non-cross—linked hyaluronic acid sodium salt meets the
criteria A recommended Dby the Italian Official
Pharmacopoceia. The results of the trial showed good
antifungal activity towards Candida albicans and
Aspergillus niger (no recovery at T7dd), while for the
Staphylococcus aureus and Pseudomonas aeruginosa
strains, gradual decreases are observed in the initial
concentrations of inocula at 28 days (contact times
T7q4—T284d) , although a good reduction is already
observed at shorter contact times (Ten—Tosn) - The
results are shown in the graph in figure 9.

Composition 10 - Liposomes of 0.0025% w/w

stearylamine solution with cross-linked hyaluronic acid
sodium salt.

The results relating to composition 10 comprising
the liposomal formulation of 0.0025% by weight
stearylamine and cross—linked hyaluronic acid sodium
salt are shown in tables 22 and 23.

Table 22 - Count of living microorganisms (cfu/ml) as a

function of time.
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Pseudomonas aeruginosa cfu/ml Log
ATCC 9027

Inoculum 6x107 7.8
Ten 6x107 7.8
Tyup 6x10° 5.8
T7aq 19x10° 5.3
T1sqa 7x10* 4.8
Toeaa 19x10° 4.3
Staphylococcus aureus ATCC cfu/ml Log
6538

Inoculum 1x10° 8.0
Ten 1x10°8 8.0
Toun 1x10° 8.0
T7aq 1x10° 6.0
Ti4aa 3x10° 4.5
Toeaa 1x10*? 4.0

Candida albicans ATCC

10231

Inoculum 1x10° 6.0
Ten 1x10° 6.0
T2an 1x10° 6.0
Toag 3x10° 3.5
Tisaa 1x10° 3.0
T28ad 1x10° 3.0

Aspergillus niger ATCC

16404

Inoculum 7x10° 5.8
Tep, 7x10° 5.8
T2an 7x10° 5.8
Toaa 6x102 2.8
T1saa 6x102 2.8
T28ad 6x107 2.8
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Table 23 - Logarithmic reduction in the number of
microorganisms as a function of time.

T6h T24h T7dd T14dd T28dd
Pseudomonas 0.0 2.0 2.5 3.0 3.5
aeruginosa ATCC 9027
Staphylococcus aureus 0.0 0.0 2.0 3.5 4.0
ATCC 6538
Candida albicans ATCC 0.0 0.0 2.5 3.0 3.0
10231
Aspergillus niger | 0.0 0.0 3.0 3.0 3.0
ATCC 16404

The composition 10 according to the present
invention comprising the liposomal formulation of
0.0025% by weight stearylamine in association with non-
cross—linked hyaluronic acid sodium salt does not meet
the criteria recommended by the Italian Official
Pharmacopoceia. XII ed. since criteria A are met only
for fungi and yeasts, and for Pseudomonas aeruginosa
only criteria B are met. Indeed, the results of the
Challenge test showed no reduction in the initial
concentration of the Pseudomonas aeruginosa inoculum at
6 hours and a slow reduction up to 28 days, although a
reduction of 2 logarithmic units was evident at the 24-
hour contact time. For Staphylococcus aureus, there 1is
no reduction in the initial concentration of the
inoculum at 24 hours and a gradual reduction up to 28
days, although a reduction of 1.5 logarithmic units is
recorded at contact times T739-T1444-

For Candida albicans and Aspergillus niger, no
reduction of the initial concentrations of the inocula
at 24 hours and fungistatic activity in the contact
time T7qa—T28qa has been highlighted, although a
logarithmic reduction appears at Tiqq according to the

specifications A of the Pharmacopoeia.
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The results obtained in vitro with composition 10
are plotted in figure 10.

Composition 11 - Liposomes of 0.0025% w/w

stearylamine solution with hyaluronic acid sodium salt.

The results relating to composition 11 comprising
the liposomal formulation of 0.0025% stearylamine and
non—-cross—linked hyaluronic acid sodium salt are shown

in tables 24 and 25.

Table 24 — Count of living microorganisms (cfu/ml) as a

function of time.

Pseudomonas aeruginosa
ATCC 9027 cfu/ml Log
Inoculum
1x10°® 8.0
T6h 5
1x10 6.0
T24h 1
1x10 1.0
T7dd
NR NR
T14dd
NR NR
T28dd
NR NR
Staphylococcus aureus ATCC
6538 cfu/ml Log
Inoculum
9x10° 8.9
T6h 5
6x10 6.8
T24h 2
4x10 2.6
T7dd 2
1x10 2.0
T14dd 1
2x10 1.3
T28dd 1
1x10 1.0
Candida albicans ATCC
10231
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Inoculum
1x10° 6.0
T6h 4
1x10 4.0
T24h
NR NR
T7dd
NR NR
T14dd
NR NR
T28dd
NR NR
Aspergillus niger ATCC
16404
Inoculum
2x10° 6.3
T6h 3
6x10 3.8
T24h
NR NR
T7dd
NR NR
T14dd
NR NR
T28dd
NR NR
Table 25 - Logarithmic reduction in the number of
microorganisms as a function of time.
T6h T24h T7dd T14dd T28dd
Pseudomonas 2.0 7.0 NR NR NR
aeruginosa ATCC 9027
Staphylococcus aureus 2.1 6.3 6.9 7.6 7.9
ATCC 6538
Candida albicans ATCC 2.0 NR NR NR NR
10231
Aspergillus niger 0.0 NR NR NR NR
ATCC 16404

The composition 11 according to the present invention
comprising the liposomal formulation of 0.0025% by
5 weight stearylamine in association with non-cross-—
linked hyaluronic acid sodium salt meets the criteria A
recommended by the Italian Official Pharmacopoeia. XII

ed. since good antibacterial activity against
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Pseudomonas aeruginosa (no recovery at 7 days) and
antifungal activity against Candida albicans and
Aspergillus niger was observed, no recovery at 24
hours. For Staphylococcus aureus strain, a good
reduction in the initial concentration of the inoculum
is observed at 7 days and subsequent gradual decrease
at 28 days. The results obtained are shown in the graph
in figure 11.

Composition 12 - Stearylamine liposomes of 0.0025%

w/w.

The results relating to the composition 12
comprising 0.00125% stearylamine liposomes are shown in
tables 26 and 27.

Table 26 — Count of living microorganisms (cfu/ml) as a

function of time.

Pseudomonas aeruginosa cfu/ml Log
ATCC 9027

Inoculum 2x10’ 7.3
Tep, 19x10°° 4.3
Toan NR NR
T74a NR NR
T144a NR NR
T28ad NR NR
Staphylococcus aureus ATCC cfu/ml Log
6538

Inoculum 1x10° 8.0
Ten 1x10° 6.0
Tosn 1x10° 3.0
Toua NR NR
T14aq NR NR
T28ad NR NR
Candida albicans ATCC

10231

Inoculum 1x10° 6.0
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Ten 1x10* 4.0
T,an NR NR
Toaa NR NR
T1oaa NR NR
Trgaa NR NR
Aspergillus niger ATCC
16404
Inoculum 7x10° 5.8
Ten 6x10° 3.8
T,an NR NR
To4a NR NR
T1oaa NR NR
T,saa NR NR
Table 27 - Logarithmic reduction in the number of
microorganisms as a function of time.

T6h T24h T7dd T14dd T28dd
Pseudomonas 3.0 NR NR NR NR
aeruginosa ATCC 9027
Staphylococcus aureus 2.0 5.0 NR NR NR
ATCC 6538
Candida albicans ATCC 2.0 NR NR NR NR
10231
Aspergillus niger 2.0 NR NR NR NR
ATCC 16404

The composition 12 according to the present invention
comprising the liposomal formulation of 0.0025%
stearylamine meets the criteria A recommended by the
Italian Official Pharmacopoeia. The results of the
trial showed a good antibacterial and antifungal
activity against all the strains tested in the test. In
particular, the total reduction of the initial
concentration of the Pseudomonas aeruginosa, Candida
albicans and Aspergillus niger inocula is reported at
To,yn and at Togq against the Staphylococcus aureus
strain.

The results obtained in vitro with composition 12 are

plotted in figure 12.
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From the results of this second Challenge test
conducted on liposomal formulations according to the
present invention, the Dbest performance of the
compositions with the association of stearylamine and
hyaluronic acid sodium salt was confirmed, in
particular those in which this salt is in cross—-linked
form. Furthermore, by decreasing the concentration of
stearylamine, the problem of the possible toxicity of
the composition is eliminated, thus making it suitable
for countering microbial infections even in a topical
use on delicate epithelia of the human and animal body,
such as the corneal epithelium, thus providing an
ophthalmic composition with proven antimicrobial

activity.
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AMENDED CLAIMS
received by the International Bureau on 04 October 2019 (04.10.2019)

1. An association of stearylamine liposomes with
hyaluronic acid, or a sodium salt thereof, wherein
phospholipids and stearylamine are at wvarious molar
ratio in liposomes, with phospholipids equal to 0.5% by
weight and stearylamine ranging between 0.001 and
0.010% by weight.

2. An association for use according to claim 1,
wherein stearylamine ranges between 0.0012 and 0.005%
by weight, and hyaluronic acid, or the sodium salt
thereof, ranges between 0.05 and 0.5% by weight.

3. An association for use according to claim 2,
wherein stearylamine is equal to 0.025% by weight and
hyaluronic acid or the sodium salt thereof ranges
between 0.1 and 0.3 by weight, preferably 0.15% by
weight.

4. An association for use according to claims 1,
2 and 3, wherein hyaluronic acid 1is 1in cross—-linked
form.

5. An association for use according to claim 1,
wherein the microbial infections are caused Dby
bacteria, fungi and Candida albicans.

6. An association for use according to claim 4,
wherein the infections are ophthalmic infections.

7. Use of an association of stearylamine
liposomes with hyaluronic acid, or a sodium salt
thereof, wherein phospholipids and stearylamine are at
various molar ratio in liposomes, with phospholipids
equal to 0.5% by weight and stearylamine ranging
between 0.001 and 0.010% by weight, in a treatment

method for cleaning and disinfecting surfaces in a

AMENDED SHEET (ARTICLE 19)
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domestic environment and/or food service areas,
hospitals and the like.

8. An association of stearylamine liposomes with
hyaluronic acid, or a sodium salt thereof, wherein
phospholipids and stearylamine are at wvarious molar
ratio in liposomes, with phospholipids equal to 0.5% by
weight and stearylamine ranging between 0.001 and
0.010% by weight, for use in a method of treating the
surface of a human and animal body and in personal
hygiene.

9. Use of the association according to claim 7,
wherein stearylamine ranges between 0.0012 and 0.005%
by weight, and hyaluronic acid, or the sodium salt
thereof, ranges between 0.05 and 0.5% by weight.

10. Use of the association according to claim 7,
wherein hyaluronic acid is in a cross-linked form.

11. Association of stearylamine liposomes with
hyaluronic acid, or a sodium salt thereof, wherein
phospholipids and stearylamine are at wvarious molar
ratios in liposomes, as in claim 8, where hyaluronic
acid is in cross—-linked form.

12. A composition comprising an association of
stearylamine liposomes with hyaluronic acid, or a
sodium salt thereof, wherein phospholipids and
stearylamine are at various molar ratio in liposomes,
with phospholipids equal to 0.5% Dby weight and
stearylamine ranging between 0.001 and 0.010% Dby
weight, and pharmaceutically accepted excipients.

13. A composition according to claim 12, wherein
stearylamine ranges Dbetween 0.0012 and 0.005% Dby

weight, and hyaluronic acid, or the sodium salt

AMENDED SHEET (ARTICLE 19)
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thereof, ranges between 0.05 and 0.5% by weight.

14. A composition according to claim 13, wherein
stearylamine is 0.025% by weight and hyaluronic acid,
or the sodium salt thereof, ranges between 0.1 and 0.3%
by weight.

15. A composition according to claim 14, wherein
stearylamine is 0.025% by weight and hyaluronic acid,
or the sodium salt thereof, i1s equal to 0.15% by
weight.

16. A composition according to any one of claims
12-15, wherein hyaluronic acid is in cross—-linked form.

17. A composition according to claims 12 to 16
further comprising active ingredients, buffering
agents, preservatives, diluents, carriers and wetting
agents.

18. A composition according to claim 17, wherein
the buffering agents are the monobasic/dibasic sodium
phosphate system, the borate system and the citrate
buffer system.

19. A composition according to any one of claims
12 to 18 having the following formulation, where the

amount of each ingredient is expressed in percentage by

weight:
Phospholipids ES80 0.500% w/w
Stearylamine 0.0025% w/w
Cross—linked hyaluronic acid 0.15% w/w
Sodium chloride 0.480% w/w

Monobasic sodium phosphate dihydrate 0.225% w/w

Dibasic sodium phosphate dihydrate 0.685% w/w

Trehalose 0.30% w/w
Distilled water g.s. to 100 g.

AMENDED SHEET (ARTICLE 19)
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20. A composition according to any one of claims
12 to 18 having the following formulation, where the

amount of each ingredient is expressed in percentage by

weight:

Phospholipids ES80 0.500% w/w
Stearylamine 0.0025% w/w
Cross—linked hyaluronic acid 0.15% w/w
Sodium chloride 0.480% w/w
Boric acid 0.775% w/w
Sodium tetraborate decahydrate 0.125% w/w
Trehalose 0.30% w/w
Distilled water g.s. to 100 g.

21. A composition according to any one of claims

12 to 20 sterilized by filtration at 0.25 microns of
porosity.

22. A composition according to any one of claims
12 to 21 for medical use.

23. A composition according to any one of claims
12 to 21 for wuse 1in the treatment of microbial
infections.

24. A composition according to claim 23, wherein
the microbial infections are caused by bacteria, fungi
and Candida albicans.

25. A composition according to claim 24, wherein
the infections are ophthalmic infections.

26. A composition according to claims 12 to 20 for
use in a treatment for the disinfection of the surface
of the human and animal body, and for personal hygiene.

27. Use of a composition according to claims 12
to 20 for cleaning and disinfecting surfaces in a

domestic environment and/or food service areas,

AMENDED SHEET (ARTICLE 19)
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hospitals.

AMENDED SHEET (ARTICLE 19)
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