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TITLE

Formulation Comprising Nanostructured, Biocompatible and Biocatalytic

Material for the Treatment of Wounds and Infections.

FIELD OF THE INVENTION

This invention relates to a formulation comprising a nanostructured
biocompatible and biocatalytic material to be employed in the treatment and

care of wounds and infections of the skin of animals and humans.

BACKGROUND

Wounds and infections are a serious health problem, specially for patients
sufferinf Diabetes Mellitus. Diabetic patients may suffer with a diminished
neurocapacity and immune response and thereby are prone to develop wounds
and those wounds may easily get infected, these wounds and infections are
usually found in the foot of diabetic patients which results in whats is called
“Diabetic Foot”. Although some treatments exist for this condition such as the
use of normal antibiotics, surgery, and other more complex treatments as use of
growth factors (bFGF). For less invasive procedures, bandages made of
biomaterial with a susteained release capability containing bio-active
substances are also used However, the current treatments are either complex,

expensive, invasive and/or their results are not ideal.

The present invention refers to a formulation comprising nanostructured,
biocompatible and biocatalytic material comprising a solid acid consisting of
mixed oxides of silica and titania (TiO2-SiOz2); supporting in its dispersed matrix:
copper, silver, gold, iron, rutenium, palladium, zinc, manganese, iridium and/or
platinum metals at minimal concentrations, for use in the treatment of wounds

and infections.
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In the past decade, scientists' ability to manipulate materials at the molecular
and atomic levels using nanotechnology has moved from science fiction into
scientific fact. Now, nanotechnology is being developed to prevent, diagnose,
and treat infectious diseases, with some products in or nearing clinical trial
stage. Progress in this field is exponential. Cross-disciplinary nanoscience and
nanomedicine researches involving chemists, physicists, biologists and
engineers is concerned about the need for developing environmentally friendly
and sustainable methods for the synthesis of nanomaterials. There is a current
drive to integrate all the green chemistry approaches to design environmentally
benign materials and processes. Rapid developments are taking place in the
synthesis of biocompatible mixed oxides or simple oxides metallic and bimetallic
nanomaterials and their surface modification for bioactivity and nanomedical
applications. Biosynthesis of nanoparticles as an emerging highlight of the
intersection of nanotechnology and biotechnology has received increased
attention due to a growing need to develop environmentally benign technologies
in material syntheses. Biomolecules as reluctant are found to have a significant

advantage over their counterparts as protecting agents.

The properties of the materials can change notably when its particle size is
reduced to particles in the scale of nanometers. In materials science "particle” is
a general term to describe small solid objects with sizes ranging from atomic
scale (10" m) to the microscopic scale (10 m). However, the particle size
often lies between 10°-10° m. Large particles (> 10°) are commonly called
grains (i. e. zeolites, carbon, Raney metals) and small particles (<15 nm) are
frequently added (metals) to mixed oxides, i.e. TiO2-SiO2, SiO2 or TiO2. All
materials consist of grains (particles) formed by the agglomeration of

nanoparticles.

In conventional materials the grains have a size ranging from 100 micrometers
to millimeters (mm), while the Nanomaterials particles are in the order of a one
billionth of a meter (10-°). A nanometer is around the average diameter of
human hair. The radius of an atom is 1 to 3 Angstrom (A) and a nanometer is

equal to 10 A. Nanomaterials are rigid solid, resistant and are ductile at high
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temperatures, are resistant to degradation, erosion and corrosion, are also very
chemically active. The physical and chemical properties of each nanomaterial or
nanostructured material are determined by the type of interactions compounds
that functionalized the nanoparticles; as well the electronic density and hydroxyl

concentration in the net have an important role in the DNA cracking.

One of the areas in which nanoparticles have increased the importance is in the
field of catalysis and biocatalisis, in order to obtain a distribution of particles with
well defined shape and size to improve the catalytic activity. In particular, it is
necessary to obtain highly dispersed particles in which most of the atoms are
located on the surface. The structure includes a solid area, pore size, as well as
the shape and volume of the pores. These parameters are important in catalysis
and in biocatalysis, because they are responsible to increase the reaction rate.
Although the catalytic activity can be related directly with its total contact area
between the material and the reactive to catalyze, the determination of the area
is generally considered to be an important requirement in the characterization of
the biocatalysts. Furthermore, it is necessary to specify the nature of the
structure of the pores as they control the transport of reagents and products in
the catalytic reaction. In many cases, the course of the reaction is influenced by
the size and shape of the pore but the particle size of the support and the

metals are more definitively.

Titanium dioxide occurs in nature in three crystalline phases; anatase, rutile and
brookite. =~ The anatase and brookite can transform into rutile at high
temperatures. The anatase to rutile can be irreversibly transformed by heating.
There are several factors that influence the phase shift, such as particle size,
crystal morphology, but in particular influence of the poisoning ions to the
network. The literature indicates that the three phases, the anatase has a great
chemical stability, resistance to corrosion, is inert from biological agents and
has high specific surface area. However, the commercial titania Is a mix
(Degussa P25) and contains 60 to 80% anatase. The problem only to produce
the anatase phase is due to the rutile phase is thermodynamically more stable.

Therefore by the sol-gel process is possible to obtain pure anatase and pure
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rutile. The structure of anatase and rutile are tetragonal, whereas brookite is
orthorhombic, each titanium atom is attached to 6 oxygen atoms almost

equidistant and each oxygen atom is linked to three atoms of titanium

Some antecedents of similar materials can be found in: WO 2006/080241, WO
2004/089839 as well as:

U.S. Pat. No. 6 124 367. This patent protects reservoirs used in the Fischer
Tropsch reactions from sintering by imparting a higher degree of mechanical
strength to the reservoir. It incorporates SiO2 and Al203 into the reservoir and
claims a rutile—anatase ratio of 1/9. It is a porous reservoir with either a
spherical or a cylindrical shape. It is made by extrusion, spray drying or

tableting.

U.S. Pat. No. 6117814. This patent describes a titania reservoir which also
incorporates silica and alumina as a binder into the structure. The purpose of
the binder is to impart better mechanical properties to the reservoir. The size
range of this reservoir is from between 20 to 120 microns. The reservoir is

approximately 50% binder, which is fabricated by a sol-gel process.

U.S. Pat No 6087405. This patent describes a reservoir to be used in a Fischer
Tropsch gas synthesis reaction. The reservoir incorporates group VIl metals
into its structure. The rutile-anatase ratio in the structure is a distinguishing

feature of this patent.

Centre National De La Recherche Scientifique. PWO/2003/064324. The
invention relates to a titanium oxide-based polymer composition. The inventive
composition comprises a TiOx(OH)y(H20), (x+y+z=3) titanium oxide-based
polymer in the form of a gel or sol. Said polymer, which has a one-dimensional
(1D) structure, is made from concentrically-wound fibres having a periodicity,
which is deduced from the spacing between said fibres, of between 3.5 A and 4
A. Each fibre comprises TiOs octahedrons and each TiOs octahedron shares
two opposite edges with two adjacent octahedrons (2 x 2.92 A) in order to form

infinite chains which develop along the axis of a fibre. According to the
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invention, two adjacent chains form double lines as a result of the shared edges
(2 x 3.27 A). The inventive polymer is suitable for use as a photosensitive

element in a photovoltaic cell, such as a sunscreen for a window.

WO/2006/079757. Method of preparing stable oxide ceramic precursor sol-gel
solutions based on lead, titanium, zirconium and lanthanide(s) and method of
preparing said ceramic. The invention relates to a method of preparing a stable
oxide ceramic precursor sol-gel solution based on lead, titanium, zirconium and
lanthanide(s). The invention comprises the following successive steps
consisting in: a) preparing a sol-gel solution by bringing a molecular lead
precursor, a molecular titanium precursor, a molecular zirconium precursor and
a molecular lanthanide precursor into contact with a medium comprising a diol
solvent and optionally an aliphatic mono-alcohol; b) leaving the solution thus
obtained to stand for a sufficient period of time in order to obtain a solution
having an essentially-constant viscosity; and c) diluting the solution obtained in
the preceding step with a diol solvent identical to that used in step a or a solvent
that is miscible with said solvent, at a predetermined rate. The invention can be
used to prepare an oxide ceramic material comprising lead, a lanthanide metal,

titanium and zirconium.

WO02007/141590. Sol-gel nanostructured titania reservoirs for use in the
controlled release of drugs in the central nervous system and method of
synthesis. The invention is related to a sol-gel nanostructured titania reservoir
and its synthesis which is biocompatible with brain tissue. The pore size
distribution, crystallite size and the extent of the crystalline phase distribution of
anatase, brookite and rutile can be fully controlled. This device may be used to
contain neurological drugs. It may be inserted directly into brain tissue for the
purpose of the controlled time release of drugs over a period of from 6 months

to three years.

WO093/21969. Novel coating materials for biomedical applications, particularly
for use on biomedical implants, the coating material containing gel-derived
titania where the material is capable of inducing calcium phosphate formation

onto its surface under in vitro conditions, e.g. in a simulated body fluid and/or
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under in vivo conditions, processes for the preparation of the coating materials

as well as their use in biomedical implant technology.

These nanostructured products have thereby an innovative use and, in
particular, provide the foundations of Catalytic Nanomedicine, to completely

eliminate amputation and improve quality of life.

SUMMARY OF THE INVENTION

Formulation comprising nanostructured, biocompatible and biocatalytic material
comprising a solid acid consisting of mixed oxides of silica and titania (TiO2-
SiO2); supporting in its dispersed matrix: copper, silver, gold, iron, rutenium,
palladium, zinc, manganese, iridium and/or platinum metals at minimal

concentrations, for use in the treatment of wounds and infections.

DESCRIPTION OF THE DRAWINGS

Figure 1 is the infrared spectrum with Fourier transform in the interval of 4000-
400 cm™' of the nanostructured biocompatible and biocatalytic material prepared

by the sol-gel method.

Figure 2 is a photograph at three different resolutions, obtained by a scanning
electron microscope of the nanostructured biocompatible and biocatalytic

material prepared by the sol-gel method.

Figure 3 are photographs at three different times after application of : 0 days, 8
days and 20 days, showing effects of the formulation comprising the
nanostructured biocompatible and biocatalytic material.

DETAILED DESCRIPTION

The preseniion invention refers {o a formulation comprising a8 new

nanostructured, biccalalyvtic, biocompatible and non-toxic material oblained by
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the sol-gel chemical synthesis method. The sol-gel methodology is used o
control the physico-chemical properties of the malerial in a thin, nanometric size
and with 2 wide surface area. Biocompatibilily is achieved by the superficial
incorporation of functional groups of sulfates, amines and phosphates that sllow
the easy interaction of the cellular membrane nanoparticle, and thus easily
enter the cell and perform the necessary {(catalylic) specific activity, The
material is a8 nanoparticle characierized by being a solid acid consisting of
mixed oxides of silice and tilapis (08I0}, further specification of the
nanoparticle can be observed in figures 1 and 2 that show the infrared spectrum
with Fourler fransform in the interval of 4000-400 om? of the biocatalyzer
prepared by the solkgel method; supporting i Bs dispersed malrixc copper,
sitver, gold, iron, rutenium, palladium, zine, manganese, iridium and/or platinum
metals al minimal concentrations. The componenis that inlegrate the
ranoparticies arg vary siable and have been tested experimenially exiensively
in wvilro and in vivo, and there iz scientific lifergiure evidence of ils

biocompatibility and low oytotoxicity.

Sol-gel process using metal alkoxides.

At the functional group level, three reactions are generally used to describe the
sol-gel process: hydrolysis, alcohol condensation, and water condensation.
However, the characteristics and properties of a particular sol-gel inorganic
network are related to a number of factors that affect the rate of hydrolysis and
condensation reactions, such as, pH, temperature and time of reaction, reagent
concentrations, catalyst nature and concentration, H2O/M molar ratio (R), aging
temperature and time, and drying. Of the factors listed above, pH, nature and
concentration of catalyst, H-O/M molar ratio (R), and temperature have been
identified as most important. Thus, by controlling these factors, it is possible to
vary the structure and properties of the sol-gel-derived inorganic network over
wide ranges. For example, Sakka et al. observed that the hydrolysis of TEOS
utilizing R values of 1-2 and 0.01 M HCI as a catalyst yields a viscous,
spinnable solution. It was further shown, that these solutions exhibited a strong

concentration dependence on the intrinsic viscosity and a power law
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dependence of the reduced viscosity on the number average molecular

weight@1-34);
[n] = k(Mn)a (1)

Values for a ranged from 0.5 to 1.0, which indicates a linear or lightly branched

molecule or chain.

Values of “a@” in eq. 1 ranged from 0.1 to 0.5, indicating spherical or disk shaped
particles. These results are consistent with the structures which emerge under
the conditions employed by the Strober process, for preparing SiO2 powders. It
was further shown that with hydrolysis under basic conditions and R values
ranging from seven (7) to twenty-five (25), monodisperse, spherical particles

could be produced.
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Generally speaking, the hydrolysis reaction (Eq. 2), through the addition of
water, replaces alkoxide groups (OR) with hydroxyl groups (OH). Subsequent
condensation reactions are made, involving the silanol groups (Si-OH) produce
siloxane bonds (Si-O-Si) plus the by-products water or alcohol in the case of
silica. Under most conditions, condensation commences before hydrolysis is
complete. However, conditions such as, pH, H20/Si molar ratio (R), and catalyst
can force completion of hydrolysis before condensation begins. Additionally,
because water and alkoxides are immiscible, a mutual solvent is utilized. With
the presence of this homogenizing agent, alcohol, hydrolysis is facilitated due to

the miscibility of the alkoxide and water. As the number of siloxane bonds
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increases, the individual molecules are bridged and jointly aggregate in the sol.
When the sol particles are aggregate, or inter-knit into a network, a gel is
formed. Upon drying, trapped volatiles (water, alcohol, etc.) are driven off and
the network shrinks as further condensation can occur. It should be
emphasized, however, that the addition of solvents and certain reaction
conditions may promote esterification and depolymerization reactions. The
hydrolysis/condensation reaction follows two different mechanisms, which
depend of the coordination of metallic central atom. When the coordination

number is satisfied the hydrolysis reaction occurs by nucleophilic substitution

(Sn):
(|)R (|)R \
RO—I\|II—OR HO  Rro—m—0%¥ g " _
|
OR OR H
H. R OR OR

Y N/ |

[
O‘,,—M O"—R| =————= RO—M—0H * ROH

| \J X
W OR H (|)R + RO

Hydrolysis reaction via nucleophilic substitution (Sp).

When the coordination number is major, the hydrolysis reaction takes

place by nucleophilic addition:

OR OR OH

| i | |
RO—I\|II—0R _OH  RO—M—0—R .
|

OR OR

OR ’ OR

| Yo |

RO—M—0O

| ———= RO—M—OH + OH

OR OR
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Hydrolysis reaction via nucleophilic addition (An).

These mechanisms need that the oxygen coordination is increased from 2 to 3,
the additional bond generation involves one electron pair of the oxygen and the
new bond can be equivalent to the other bonds. During the condensation step
5 an enormous concentration of hydroxyl groups are formed. This OH can be

linked between the metallic atoms or only be simple —OH ligand in the surface.

M
\ & “ ¥ \
OH + M—OH,—> OH—M + H0

/

M M y
. o]
¥ /OFI Rn HS 7N +
[ Y — M M 2H,0
H,0 — M N4 2 2
i OH N yd
“ o]
H

O o]

/ \ / H \
I\T—OH—M — M—OH—M + H,0
H2 .+ QH \ O /

« H
Condensation step of the sol-gel method

Acid-Catalyzed Mechanism

10 Under acidic conditions, it is likely that an alkoxide group is protonated in a
rapid first step. Electron density is withdrawn from the silicon atom, making it

more electrophilic and thus more susceptible to attack from water. This results
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in the formation of a penta-coordinate transition state with significant SNo-type
character. 13 The transition state decays by displacement of an alcohol and

inversion of the silicon tetrahedron, wusing silica as example:

IR M geds R
PoE
_— ¥
A \... R f‘w\-\ H
~3~0F + HOW ot .
0 }\;;o T .f.{..««wf-s \{\H | m— Qsﬂl{ s oM o+
(.
5 Acid-Catalyzed Hydrolysis

Base-Catalyzed Mechanism

Base-catalyzed hydrolysis of silicon alkoxides proceeds much more slowly than
acid-catalyzed hydrolysis at an equivalent catalyst concentration. Basic alkoxide
10 oxygens tend to repel the nucleophile, -OH. However, once an initial hydrolysis
has occurred, following reactions proceed stepwise, with each subsequent
alkoxide group more easily removed from the monomer then the previous one.
Therefore, more highly hydrolyzed silicones are more prone to attack.
Additionally, hydrolysis of the forming polymer is more sterically hindered than
15 the hydrolysis of a monomer. Although hydrolysis in alkaline environments is
slow, it still tends to be complete and irreversible. Thus, under basic conditions,
it is likely that water dissociates to produce hydroxyl anions in a rapid first step.
The hydroxyl anion then attacks the silicon atom. Again, an SNa-type
mechanism has been proposed in which the -OH displaces -OR with inversion

20 of the silicon tetrahedron.
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Base-Catalyzed Hydrolysis

The nanoparticle formulation was invented to counteract one of the most terrible
and disabling consequences of Diabetes Mellitus, such as diabetic foot.
Diabetic foot consists of a condition of the blood vessels and nerves, leading to
inadequate vascular and arterial irrigation, as well as lack of sensation, which
promotes the formation of ischemic and / or neuropathic ulcers on the soles of
the feet. Added to this, in many cases, the ulcers are infected by a variety of
microorganisms which further hinder the closure of the lesion and can lead to
the affection of bone and tendons. Both in the animal model and in a clinical trial
with patients, antibacterial and healing effects have been demonstrated,
promoting the granulation, regeneration, angiogenesis and epithelization of the

tissues as shown in figure 3.

This nanoparticle is also capable of promoting the closure of other types of
wounds, for example, but not limited to, fistulas, surgical wounds and burns;

among others.

The nanostructured material is easy to apply by medical personnel with basic
training in wound care. The procedure consists of: 1) washing the affected area
with sterile or boiled water and surgical soap; 2) carving with a gauze and, if

necessary, debride; 3) drying; 4) applying the nanoparticles directly on the
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lesion in a gel, powder or powder dissolved in saline solution formulation; and 5)
dressing the wound. The treatment is applied every third day, except when the
patient treated is very serious and / or under the consideration of the treating

physician. It can be done daily.

It is important to note that no serious short-term side effects were observed (n =

40 patients).
EXAMPLES
Example 1

1.6871 g Of acetil platinum acetonate (Pt(acac)z) were mixed with 246 ml of
acetone. The mixture was maintained under agitation until the platinum complex
was disolved. To this mixture, 1.2501 g of GABA previously dissolved in 20 ml
of deionized water was added. pH was adjusted to 3 with phosphoric acid.
Simultanoeusly, 89 ml of TEOS and 9.8 ml of titanium butoxide dissolved in 70
ml of deionized water were added. Everything was maintained under agitation

and at room temperature until de gel was formed.

Example 2

1.6871 g Of acetil platinum acetonate (Pt(acac)z) were mixed with 246 ml of
acetone. The mixture was maintained under agitation until the platinum complex
was disolved. To this mixture, 1.2501 g of glutamic acid previously dissolved in
20 ml of deionized water was added. pH was adjusted to 3 with phosphoric
acid. Simultanoeusly, 89 ml of TEOS and 9.8 ml of titanium butoxide dissolved
in 15 ml of absolute ethanol. 1.7203 g of ammonium sulphate dissolved in 70 mi
of deionized water was added. Everything was maintained under agitation and

at room temperature until de gel was formed.

Example 3

1.6871 g Of acetil platinum acetonate (Pt(acac)z) were mixed with 246 ml of

acetone. The mixture was maintained under agitation until the platinum complex
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was disolved. To this mixture, 1.2501 g of GABA previously dissolved in 40 ml
of deionized water was added. pH was adjusted to 3 with phosphoric acid.
Simultanoeusly, 89 ml of TEOS and 9.8 ml of titanium butoxide dissolved in 15
ml of absolute ethanol were added. 1.7203 g of ammonium sulphate dissolved
in 140 ml of deionized water was added. Everything was maintained under

agitation and at room temperature until de gel was formed.
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CLAIMS

. Aformulation comprising a nanostructured, biocompatible and biocatalytic

material consisting of a solid acid made of mixed oxides of silica and titania
(TiO2-Si02); supporting in its dispersed matrix: copper, silver, gold, iron,
rutenium, rhodium, cobalt, zinc, palladium, zinc, manganese, iridium
and/or platinum metals at minimal concentrations, for use in the treatment

of wounds and infections.

. The formulation for use in the treatment of wounds and infections of claim

1, wherein the metal supported in the dispersed matrix is acetil platinum

acetonate (Pt(acac)?) .

. The formulation for use in the treatment of wounds and infections of claim

1, wherein the formulation is in the form of a gel.

The formulation for use in the treatment of wounds and infections of claim

1, wherein the formulation is in the form of a liquid.

. The formulation for use in the treatment of wounds and infections of claim

1, wherein the wounds and infections to be treated are wounds and

infections of patients diagnosed with Diabetes Mellitus.
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