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Composition in the form of liquid for maintenance of contact lenses and medical

materials

The subject of the present invention 1s a composition, especially in the form of a liquid
for an external use, for treatment and maintenance of contact lenses, containing
nanocrystalline photocatalyst active upon visible light illumination and eventually hydrogen
peroxide.

The goal of the present invention 1s to deliver a composition tor the production of
solutions exhibiting sterilizing properties upon wrradiation with visible light and theretore
suitable for maintenance ot various materials, especially those requiring physiological use, as
contact lenses, medical materials (catheters, bandages, syringes, etc.).

Unexpectedly, such a defined goal has been achieved by the present invention.

The subject of the present invention 1s the composition containing titantum dioxide
T10, modified on its surface with an organic compound selected from a group encompassing:

1. a compound described by the general formula:

HO  OH
(or -COOH} {or -COCH}

where R denotes -H, -NH>, -NH3;" or —-SOzM, in which M denotes H", K™, Na™, Li",
NH,",
11. ascorbic acid,

111. a compound described by the formula:
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OH OH OH

OH

and additionally preferably an aqueous solution of hydrogen peroxide.

Preferably, the composition according to the invention i1s in the form of liquid
containing a colloidal solution 1n which the dispersed phase i1s composed of the surface
modified nanoparticles of titanium dioxide characterized by the particle size lower than 100
nm, while the aqueous solution of hydrogen peroxide plays the role of the dispersion medium.

Preferably, the composition according to the present invention exhibits visible light

absorption as well as photocatalytic activity in a wavelength range (A) no smaller than ca. 400
nm (the arbitrary threshold between ultraviolet and visible light) to about 600 nm, preferably
to ca. 700 nm, as well as absorption of ultraviolet light (A < 400 nm).

Equally preferably, it exhibits photocatalytic activity upon irradiation with visible light
(wavelengths A higher than 400 nm).

Equally preferably, 1t exhibits photocatalytic activity upon irradiation with ultraviolet
light (wavelengths A below 400 nm).

Preferably, the organic compound 1s a compound selected from the group
encompassing: phthalic acid, 4-sulfophthalic acid, 4-amino-2-hydroxybenzoic acid, 3-
hydroxy-2-naphthylic acid, salicylic acid, 6-hydroxysalicylic acid, 5-hydroxysalicylic acid, 5-
sulfosalicylic acid, 3.,5-dinitrosalicylic acid, disodium salt of 1,4-dihydroxy-1,3-
benzenedisulfonic acid, gallic acid, pyrogallol, 2,3-naphthalenediol, 4-methylcatechol, 3,5-di-
tert-butylcatechol, p-nitrocatechol, 3,4-dihydroxy-L-phenylalanine (DOPA), rutin as well as
ascorbic acid.

Equally preferably, 1t exhibits stability in aqueous solutions at pH of about 7, and the

compound bound to the surface (modifier) 1s a compound selected from the group
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encompassing: disodium salt of 4,5-dihydroxy-1,3-benzenedisulfonic acid, rutin and ascorbic
acid.

Preterably, the composition according to the invention contains additionally a butfer,
preterably 1sotonic, stabilizing pH value within the acceptable pharmaceutical range.

Preterably, the composition according to the invention contains the surtace modified
nanocrystalline titanium dioxide within the concentration range of 0.02 to 1 ¢ dm> and
hydrogen peroxide, preferably in the concentration range of 0.001 to 0.1 ¢ dm .

The composition according to the invention can additionally contain pharmaceutical
carriers and excipients. As carriers and excipients the known carriers and excipients used 1n
pharmacy, that are compatible with the active substance, can be applied.

In an exemplary composition the modified titanium dioxide characterized by particle
size not exceeding 100 nm constitutes stable colloidal systems in solution of PBS buffer,
retaining 1ts photocatalytic activity. Preferably, the composition according to the invention
constitutes a clear, transparent aqueous solution, containing hydrogen peroxide and
nanocrystalline titanium dioxide, the surface of which has been modified with rutin, as the
active substances, together with NaCl and phosphate buffer.

Preferably, the composition according to the invention or the colloidal solution of
titanium dioxide nanoparticles 1s prepared as a concentrate, preferably containing 40-50 times
higher concentration of titanium dioxide as compared to 1ts final concentration in the
composition. To obtain the final composition, the concentrate should be diluted with water,
preferably with aqueous buffer solution, 1sotonic aqueous solution, hydrogen peroxide and
eventually other additives to the final concentration of all ingredients.

Preferably, the composition according to the invention is used to the external use as a
contact lens cleaning solution. In general, the composition can be used in the production of a
preparation for sterilisation or disinfection, preferably in the production of a photosterilising,
photobacteriocidal, photomycocidal, or photocatalytic preparation particularly designed for
use in one of the following areas: cosmetology, dermatology, ophthalmology, laryngology,
urology, gynaecology, rheumatology, oncology, surgery, veterinary medicine, dentistry, in
particular for the sterilization of surfaces and glass or plastic elements, particularly contact
lenses, medical catheters, glass and/or plastic conduits as well as other surfaces, the
sterilization of which 1s desirable and/or required.

The composition according to the present invention exhibits photocatalytic activity

upon irradiation with visible light (A > 400 nm; photocatalysis is the result of the absorption
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ol visible light by the titanium surface complex of the charge-transfer type), as well as
ultraviolet light (A < 400 nm; photocatalysis is the result of the absorption of ultraviolet light
by the titanium surface complex of the charge-transfer type or directly by titanium dioxide).
The irradiation generates so-called reactive oxygen species (OH®, 02", H202, '02).
Unexpectedly it has been shown, that addition of small amounts of peroxides, e.g.
hydrogen peroxide, intensifies the photocatalytic properties of the photocatalyst described
above. The electron transfer from the conduction band of titanium dioxide to the peroxide
molecule leads to the formation of highly oxidative hydroxyl radicals as a consequence of the
peroxide reduction. In the presence of trace amounts of metal ions a catalytic decomposition
of H.0» to OH" may occur; the reaction known as a Fenton process. This process untavorably
influences the stability and durability of the composition, however it can be inhibited by
addition of agents complexing metal ions, e.g. EDTA (ethylenediaminetetraacetic acid or Its
salt), in amounts assuring binding of all transition metal ions present in the composition.
Example embodiments of the prescent invention have been shown in figures, in which
Fig. 1 shows UV-vis absorption spectra of a colloidal solution of T10> nanocrystals modified
respectively with (a) compound K-1 (see Table 2), (b) ascorbic acid and (c¢) rutin (each
concentration: 0.4 g dm=); Fig. 2 shows a TEM image recorded for the material K-1@TiO»;
Fig. 3 shows the results of irradiation with visible light (using cut-off filters) of a reaction
mixture (bovine albumin with a solution of colloidal TiO2 nanocrystals modified respectively
with compound K-1, ascorbic acid and rutin), in the electrophoretic image: K-l@110:: (a) A >
400 nm, (b) & > 435 nm, (c) L > 455 nm, KA@TiOa: (d) X > 400 nm, (e) A > 420 nm,
rutin@Ti02: (f) > 420 nm, (g) A > 455 nm; Fig. 4 shows E. coli viability tests in the presence
of a colloidal solution of TiO2 nanocrystals modified with ascorbic acid (squares) and in the
absence of the photocatalyst (triangles) upon irradiation with light A > 420 nm (a) and E. coli
viability test results in the same system in the dark (b). Figure 5 shows the results described 1n
the Example 5 of the comparative tests of photoactivity of the composition according to the
present tnvention, or its components, in the process of proteins oxidation: (a) rutin@T10; n
PBS with irradiation 5h, (b) rutin@Ti0z in PBS with 2 mM HO; irradiation 5h and (c) 3%
H>O> (after Sh in the dark). Figure 6 shows the results described in the Example 6 of the
comparative tests of photoactivity of the composition according to the present invention, or its

components, in the process of bacteria inactivation: (a) Escherichia coli with rutin(@T10, (0.32

g dm™), (b) Escherichia coli with rutin@TiO> (0.32 g dm™) and H.0> (2 mmol dm™) and (c)

CA 2797491 2017-07-25;
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Escherichia coli in PBS. Figure 7 presents the results of azure B photooxidation proving the

unexpected synergy between activity of the photocatalyst and hydrogen peroxide: (squares)

rt@TiOs», (triangles) H2O2 and (dots) rt@TiO» with H>0s.

CA 2797491 20177-07-25



Example 1. Production of a nanocrystalline photocatalyst active in visible light

The nitial substrate for the synthesis of the materials in question is an unmodified

nanocrystalline TiO2, which may be produced according to various known procedures. One of
them 1s proposed by Wang ez al. (J. Phys. Chem. B, 2000, 104, 93-104). Particles of titanium
dioxide TiO2 smaller than 100 nm (estimated using imaging with a transmission electron
microscope) 1s modified on its surface directly via chemisorption of an organic compound
selected from the group according to the present invention with the formation of charge-
iransfer complexes. Photoinduced electron transfer occurs between the organic compound
molecule and the semiconductor particle. A photoactive colloid according to the present
iInvention 1s characterized by a high degree of dispersion and occurs in the form of a
suspension or emulsion.
Variant 1. A colloidal aqueous solution of TiO2z (1.2 g dm™) containing isopropanol (10%) in
a nitric acid (HNOj) environment (pH = 2.5) was supplemented with crystalline 4,5-
dihydroxy-1,3-benzenedisulfonic acid disodium salt (K-1; Table 2) at a molar ratio of 1:]
(moditier: T102). A yellow precipitate was formed. The resulting suspension was alkalized
with an NaOH solution to pH = 7 (causing the precipitate to dissolve). The solution was
placed in a dialysis tube and dialyzed twice against water or an appropriate buffer (i.e. SSC or
PBS) in order to remove alcohol and the excess of modifier not bound with TiOa2. A yellow,
clear colloidal solution was produced, which was used in further experiments.

The method described is equally suitable for synthesizing nanocrystalline TiO:
modified with catechol derivatives or salicylic acid or phthalic acid derivatives (syntheses 2
and 3, Tables | and 2). In these cases it proved impossible to obtain stable materials (ones that
do not undergo aggregation) at pH =~ 7.

Variant 2. A colloidal aqueous solution of TiO> (1.2 g dm™) containing isopropanol (10%) in
a nitric acid environment (HNOs, pH = 2.5) was supplemented with a compound from the
group A (A-1:A-2; phthalic acid derivatives) or S (S-1:S-7; salicylic acid derivatives; Table 1)
in crystalline form, at a molar ratio of 1: 1 (modifier: TiO2). The colloidal solution changed its
color. The resulting colloidal solution was alkalized with an NaOH solution to pH= 7. The

solution was placed in a dialysis tube and dialyzed twice against water, in order to remove

alcohol and any modifier not bound with TiOs-.

CA 2797491 2017-07-25;
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Table 1. Phthalic acid and salicylic acid derivatives.

Compound symbol Compound name Structural formula
COOH
A-1 phthalic acid COOH
SO,H
A-2 4-sultophthalic acid
O
OH
HO O
COOH
S-1 4-amino-2-hydroxybenzoic acid 0 N/(:EOH

COOH
S-2 3-hydroxy-2-naphthylic acid O‘ OH

©:COOI
S-3 salicylic acid -

O
: : . COOH
S-4 6-hydroxysalicylic acid C[
OH

COOH

OH
S-3 S-hydroxysalicylic acid /@“
HO

HO,S COOH
S-6 S-sulfosalicylic acid \Eji on

O,N COOH
S-7 3.5-dinitrosalicylic acid \E;[OH
NO,

Variant 3. A colloidal aqueous solution of TiO, (1.2 g dm ™) containing isopropanol (10%) in
a nitric acid environment (HNOs, pH = 2.5) was supplemented with a compound from the
oroup K (K-2:K-8; Table 2) at a molar ratio of 1:1 (modifier:T10,). The colloidal solution
changed its color. The resulting colloidal solution was alkalized with an NaOH solution to pH
= 7. The solution was placed in a dialysis tube and dialyzed twice against water, 1in order to

remove alcohol and any modifier not bound with Ti0..
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Table 2. Catechol derivatives.

CA 02797421 2012-10-25
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Compound symbol

Compound name

Structural formula

(DOPA)

CH
OH
K-1 disodium salt of 1,4-dihydroxy-
1,3-benzenedisulfonic acid NaOsS SO,Na
COCH
K-2 gallic acid
HO OH
OH
K-3 pyrogallol HO/Q\OH
CH
CL,
K-4 2,3-naphthalened:iol OH
L,
K-5 4-methylcatechol -
OH
K-6 3.5-di-tert-butylcatechol ﬂ\O:
OH
TN
OH
OH
K-7 p-nitrocatechol ©/
NO
O OH
K-8 3.4-dihydroxy-/-phenylalanine NH.»
OH
OH

Variant 4A. A colloidal aqueous solution of TiO; (1.2 ¢ dm ) containing isopropanol (10%)

in a nitric acid environment (HNO;, pH = 2.5) was supplemented with a compound with the

formula (rutin):
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oL A A

OH OH Oh
OhH

at a molar ratto of 1:1 (rutin:T10;). An orange precipitate was formed. The resulting
suspension was alkalized with an NaOH solution to pH = 9 (causing the precipitate to
dissolve). The solution was placed 1n a dialysis tube and dialyzed three times. The first
dialysis was performed against an aqueous solution of NaOH, pH = 9. The subsequent two
dialyses were performed against distilled water, or appropriate buffer (i.e. SSC or PBS, pH =
7) 1n order to remove alcohol and any modifier not bound with TiO,. An orange, clear
colloidal solution was obtained which was used in subsequent experiments.

Variant 4B. A colloidal aqueous solution of TiO, (1.2 ¢ dm ) containing isopropanol (10%)

in a nitric acid environment (HNOs, pH = 2.5) was supplemented with a crystalline compound

with the formula (rutin):

at a molar ratio of 1:1 (rutin:T10;). An orange precipitate appeared. The resulting suspension
was centrifuged. The precipitate was rinsed several times with an aqueous HCI solution (pH =

2 to 4) until excess modifier (rutin) was rmsed out, which was confirmed
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spectrophotometrically. Next, the precipitate was suspended in water or a buffered aqueous
solution. A clear, stable colloidal solution was produced.

Variant 5. A colloidal aqueous solution of TiO, (1.2 g dm ) containing isopropanol (10%) in
a nitric acid environment (HNO;s, pH = 2.5) was supplemented with a crystalline ascorbic acid
(KA) 1n a molar ratio 1:1 (KA:T10,); appearance of orange color was observed. Then, the
resulting sol was adjusted to pH =7 and placed 1n a dialysis bag and dialyzed twice against an
aqueous solution of ascorbic acid (5 mmol dm ™, pH = 7). Orange, clear, colloidal solution
was obtained, which was used 1n further experiments. Nanocrystals of T10O, modified with
ascorbic acid (KA @T10,) were stable (did not undergo aggregation) at pH = 7.

T10; nanocrystals modified with ascorbic acid or another organic compound according
to the present invention may then be subjected to further modifications consisting of
conjugation with a molecule increasing the specificity of their activity (1.e. an antibody,
peptide, biotin or vitamins).

Example 2 Characteristics of the synthesized materials

Within the group of materials synthesized as described in Example 1 TiO»
nanocrystals modified by modifier K-1 (K-1@7T10,), rutin (rutin@7Ti10,) and ascorbic acid
(KA@T10;) showed stability at pH ="7. Other materials underwent aggregation, which was
manifested 1n the precipitation at pH > 3-4. UV-vis spectrum of the K-1@T10, 1s shown 1n
Fig 1a. Like other materials (stable in acidic solutions) 1t shows absorption of visible light up
to ca. 500-700 nm. The transmission electron microscope 1mage presented in Figure 2
confirms the homogeneity of the material — separated particles, showing no tendency to
ageregate are several to twenty nanometers i size. UV-vis spectrum of the KA@TiO;
material 1s shown in Figure 1b. Like other materials (stable in acidic solutions) KA@Ti10;
shows absorption of visible light up to ca. 600-700 nm. UV-vis spectrum of the rutin@Ti10;

solution 1s shown 1n Fig lc. The material shows absorption of visible light to a wavelength of

600 nm.
Example 3. Photocatalytic activity of the materials

Photodegradation tests were carried out with bovine serum albumin (as a model
protein) upon visible light irradiation in the presence of nanocrystalline TiO, modified by
organic compound selected from the group according to the present invention. The protein
concentration in solution was monitored using semi-quantitative method of polyacrylamide
gel electrophoresis under denaturing conditions (SDS-PAGE). The reaction mixtures,

irrespective of the modification of nanocrystalline T10,, were prepared as follows:
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A solution of modified T10; (1n an amount to yield a final concentration of 0.4 mg/ml
in terms of T10») was mixed with bovine albumin (final concentration 0.4 mg/ml) and water
to a final volume ot 2 ml.

Irradiation was performed using a high-pressure mercury lamp, HBO-500, as a light
source and filters delivering light at a wavelength in the range 420-800 nm. Tests were
performed 1in a quvette purged with a small stream of air during irradiation to ensure a
constant oxygen level 1n solution. During the experiment, samples were taken and subjected
to electrophoresis following denaturation i1n order to monitor the degree of albumin
degradation. The electrophoresis was performed 1n a Laemmli system using a 10% separating
gel and a 4% stacking gel. The results are shown in Fig. 3. Sample 0" corresponds to an image
of 2 ng ot protein.

The photodegradation assays of protein have confirmed the high level of
photocatalytic activity of K-1@Ti10, upon visible light irradiation. The compiled protein
electrophoresis 1mages show protein degradation over the exposure time 1n a sample
containing the protein and modified titanium dioxide in water. In the spectral range of 400-
300 nm (Fig. 3a) one can observe a clear decrease of protein concentration during irradiation.
In a narrower radiation ranges, 435-800 nm and 455-800 nm, the results are slightly poorer
than the 1nitial ones (Fig. 3b and 3¢).

Protein photodegradation assays have confirmed the high level of photocatalytic
activity of KA@Ti10, upon visible light 1rradiation. During irradiation within the spectral
ranges 400-800 nm and 420-800 nm (Fig. 3d and 3e, respectively) a clear decrease 1n protein
concentration can be observed within several minutes.

Protein photodegradation assays have confirmed the high level of photocatalytic
activity of rutin@Ti0O, upon visible light 1rradiation. The compiled protein electrophoresis
1mages show protein degradation over the exposure time 1n a sample containing the protein
and modified titanium dioxide in water. Both in the spectrum range 420-800 nm (Fig. 3f) and
in a narrower range of radiation, 455-800 nm (Fig. 3¢) one can observe clear decrease in
protein concentration throughout the time of exposure.

Example 4. Evaluation of the activity of the material in the photoinactivation of bacteria

The assays of the ability of the new materials to photoinactivate microorganisms were
performed on a model strain of Escherichia colt, and the absence of cytotoxicity in this
material to this bacterial strain was demonstrated. The tests assaying the efficiency of the

photoinactivation of microorganisms were performed thusly:
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A suspension of bacteria 1n water (ca. 10° CFU/ml determined spectrophotometrically)
was supplemented with a colloidal solution of nanocrystalline Ti10O>, modified with an organic
compound selected from the group according to the present 1nvention, to 1its final
concentration of 0.4 mg/ml. The assays were pertormed under the same irradiation conditions
as the protein photodegradation assays (2 ml samples, see above) using a cut-off filter 2 > 420
nm, aerating the sample during irradiation. Small samples were collected 1n order to evaluate

the colony-forming potential of the examined strain. The colony formation ability was

determined 1n dishes through the inoculation of 100 ul aliquots of a serial dilution of the
bacterial suspension onto minimal medium (DIFCQO) and counting the colonies. The results
are shown as cell survival fractions /5.

The results obtained for K-1@Ti10O, demonstrate 1ts high activity 1n the
photoinactivation of microorganisms, using the model strain of E. coli (Fig. 4a). At the same
time, the cytotoxicity of the tested materials was not observed against this strain (Fig. 4b).
Analogous results were obtained for KA @110, (photoinactivation — Fig. 4¢ and cytotoxicity
— Fig. 4d).

Example 5 . Comparison of activity of the composition according to the invention and
composition without the additives active towards proteins

Photodegradation tests were carried out with bovine serum albumin (a protein as a
model substrate) under visible light irradiation in the presence of the composition based on
nanocrystalline TiO, modified with rutin. The protein concentration in solution was
monitored using semi-quantitative method of polyacrylamide gel electrophoresis under
denaturing conditions (SDS-PAGE). The reaction mixtures, irrespective of the modification
of nanocrystalline T10,, were prepared as follows:

The solution of modified Ti0O, (final concentration of 0.32 ¢ dm™ in terms of T10,),
bovine serum albumin (final concentration of 0.2 ¢ dm ) and water were mixed together to a
final volume of 2 ml.

Tests were performed 1n chambers of 2 ml capacity using LEDs as the light source
(Amax = 470 nm, power of 30 mW). During the experiment, collected samples after protein

denaturation were subjected to electrophoretic analysis to determine the extent of albumin
degradation. Electrophoresis was performed using Laemni setup with 10% separating gel and

4% stacking gel. The results of measurements are presented in the following figures (sample

0" corresponds to the image of 1 g of protein):

Figure Sa — rutin @110, 1n PBS + 1urradiation S h
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Figure 5b — rutin@T10; 1n PBS + 2 mM H»,0- irradiation 5 h
Figure 5S¢ — 3% H,0O- (after S h 1n the dark)
Example 6. Comparison of activity of the composition according to the invention with
composition without active ingredients
To a suspension of bacterial strain (Lscherichia coli) of various concentrations in PBS

a sterile colloidal solution of rutin@Ti10, (filtered through a sterile syringe filter 0.20 Wm) was
added (Fig. 6a) or a sterile solution of rutin@Ti10, with the addition of H,O, (Fig. 6b) to reach

its final concentration of 0.32 g dm (in terms of TiO,). Results were compared to the results
obtained for a sterile solution of PBS (Fig. 6¢).

Tests were performed 1in chambers of 2 ml capacity using LEDs as the light source

(Amax =470 nm, power of 30 mW). Suspensions were irradiated for 5 h at ambient
temperature. Small volumes of samples were collected to determine the ability of bacteria to
form colonies after irradiation. Analogous control experiments were done 1n the dark. In this

case chambers were incubated for Sh 1n dark at ambient temperature instead of their

exposition to 1rradiation. Colony forming ability was determined by plating the 100 ul of

serial dilutions of bacterial suspension to the minimum medium (Difco) and counting
bacterial colonies after 24 h of bacterial growth on the solid medium at 37°C. Results were
expressed as survival fraction 5/8¢. The results prove very high activity of tested compositions
towards photoinactivation of microorganisms (Fig. 6). No significant cytotoxicity of tested
materials to bacterial strains was observed 1n the dark.
Example 7. Synergy of the photocatalyst and hydrogen peroxide

The study was performed using a model system 1n which the decomposition of the dye
azur B was monitored. The results are presented in Figure 7. Photodegradation of azur B was
observed in the presence of the photocatalyst rutin@TiO, at the concentration of 0.32 g dm™
(squares), hydrogen peroxide at the concentration of 5 mmol dm ™ (triangles) and the mixture
of the photocatalyst and hydrogen peroxide at the above mentioned concentrations (circles).
The experiment was conducted under the tollowing conditions: initial concentration of azur B
was 0.8x10" mol dm, irradiation with the high-pressure mercury lamp HBO-500 equipped
with the 420 nm cut-off filter (exposure 420 < A < 800 nm).

Surprisingly, the activity of the mixture of the photocatalyst and hydrogen peroxide 1s
considerably strengthened as compared to the separate use of the photocatalyst and hydrogen

peroxide.
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Claims

|. A composition in the form of a liquid containing colloidal solution, comprising:

- surface-modified titanium dioxide nanoparticles smaller than 100 nm as a dispersed
phase, and

- a solution of hydrogen peroxide as a dispcrsing medium,
wherein the surface-modified titanium dioxide nanoparticles are surface-modified with an
organic compound,
wherein the organic compound exhibits stability in aqueous solution with a pH of 7, and 1s

selected from the group consisting of disodium salt of 4,5-dihydroxybenzene-1,3-disulfonic

acid, rutin and ascorbic acid.

2. The composition according to claim 1, wherein the composition shows visible light
absorption in a wavelength range of at least 400 nm to 700 nm, and ultraviolet light absorption

In a wavelength up to 400 nm.

3. The composition according to claim 2, wherein the composition shows visible light

absorption in a wavelength range ot at least 400 nm to 600 nm.

4. The composition according to claim 1, wherein the composition additionally contains a

butfer system, to maintain the pH in a pharmaceutically acceptable range.

5. The composition according to claim 4, wherein the bufter system 1s isotonic.
6. The composition according to claim 4 or 5, comprising the surface-modified titanium

dioxide nanoparticles within a concentration range of 0.02 g dm™ to 1 g dm™, hydrogen

peroxide, and a stabilizer of hydrogen peroxide.

7. The composition according to claim 6, wherein the hydrogen peroxide is within a

concentration range of 0.001 gdm™ to 0.1 g dm™.

CA 2797491 2017-07-25;
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8. The composition according to claim 6 or 7, wherein the stabilizer of hydrogen peroxide is

EDTA.

9. The composition according to any one of claims 4-7, wherein the composition additionally

contains an additive showing bacteriocidal and/or mycocidal activity.

CA 2797491 2017-07-25
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Fig. 5 a) Rutin@Ti10; in PBS + irradiation Sh
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Fig.6 a) Escherichia coli + rutin@TiO, (0.32 ¢ dm™)
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Fig. 6 b) Escherichia coli + rutin@TiO, (0.32 g dm ™) + H,05 (2 mmol dm )
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