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Anovel method for controlled release of compounds having
antimicrobial activity and a novel coating composition
capable of controlled release of compounds having antimi-
crobial activity is provided.

This invention relates to a method for releasing a compound
having antimicrobial activity from a matrix at a controlled
rate, which comprises incorporating an enzyme and a sub-
strate in said matrix beforehand to allow said enzyme and
said substrate to react with each other in said matrix to
thereby produce said compound having antimicrobial activ-
ity; and further relates to a coating composition comprising
a film-forming resin, an enzyme, and a substrate, said
enzyme being capable of reacting with said substrate to
produce a compound having antimicrobial activity.

35 Claims, 1 Drawing Sheet
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METHOD FOR CONTROLLED RELEASE OF
COMPOUNDS HAVING ANTIMICROBIAL
ACTIVITY AND COATING COMPOSITION

TECHNICAL FIELD

The present invention relates to a method for controlled
release of compounds having antimicrobial activity and to a
coating composition.

PRIOR ART

Compounds having antimicrobial activity, inclusive of
antifouling agents, antibacterial agents, antifungal agents,
biocides, and biorepellents, are in broad use today. The
importance of protecting various objects with such com-
pounds against the attack of fouling organisms, bacteria, and
fungi has increased greatly in recent years.

For example, structures in contact with seawater, for
example ships, oceanic constructions, fish farming nets,
buoys and industrial water systems, are constantly exposed
to water inhabited by various organisms. Therefore, as time
passes by, microorganisms such as bacteria and diatoms and,
further, fouling organisms of larger size, for example such
animals and plants as barnacles mussels and sea lettuce,
adhere to and grow on said structures. When the surfaces of
the structures exposed to seawater are covered with such
marine organisms, there take place corrosion of the covered
part; decreased marine fuel efficiency due to increased
frictional resistance of the ship bottom against seawater;
massive deaths of fishes and shellfishes or decreased work-
ing efficiency due to clogging of fish farming nets; and
sinking buoys due to reduced buoyancy. It is therefore very
important to apply an antifouling treatment to such struc-
tures exposed to seawater.

Meanwhile, as can be easily understood from the serious
problem posed by an increasing incidence of nosocomial
infection due to meticillin-resistant staphylococci, it is also
very important to treat interior walls, fixtures, furnishings,
upholstery, etc. against the growth of bacteria and fungi in
order to protect the internal environment of hospitals,
schools, and hotels against such microorganisms.

The antimicrobial technology for the structures exposed
to seawater or the interior walls of a hospital, for instance,
includes a method which comprises incorporating a com-
pound having antimicrobial activity in the very object to be
protected and a method which comprises coating the surface
of an object with a coating composition containing a com-
pound having antimicrobial activity.

For example, the conventional antifouling technology for
structures exposed to seawater comprises coating the surface
of structures with an antifouling paint containing a com-
pound having antimicrobial activity. This antifouling paint is
designed to release such a compound gradually from the film
into water by utilizing its solubility to thereby provide a
sustained antifouling effect.

As the technology for keeping the interior environment of
hospitals, etc., against bacteria and fungi, it is common
practice to apply a coating containing a compound having
antibacterial/antifungul activity to the surface of the interior
walls, fixtures, furnishings, upholstery, etc.

When an object is treated with a compound having
antifouling or antibacterial/antifungal activity, it is of course
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compound itself, satisfactory effect is obtained only for a
limited time period following the treatment. Even when the
content of those active compound is high, the effect declines
rapidly with time, thus failing to insure a sustained long-
term effect. The demand therefore exists for a new method-
ology for insuring a sustained long-term effect.

There are many compounds having antimicrobial activity.
As compounds having antifouling activity for incorporation
in antifouling paints, organotin compounds have been
mostly employed. Moreover, as described in Bohkin Bohbai
Handbook [Handbook of Antibacterial and Antifungal Tech-
nologies (Japanese Society for Protection Against Bacteria
and Fungi ed., Gihodo Publishing Co., 1986)], it is known
that hydrogen peroxide shows high antimicrobial/biocidal
activity against a broad spectrum of bacteria and other
microorganisms. Furthermore, a variety of compounds such
as aliphatic carboxylic acids, aromatic carboxylicacids, ali-
phatic alcohols, and phenolic compounds are also known to
have antimicrobial activity.

However, as pointed out frequently, organotin compounds
have high toxicity and, when formulated in antifouling
paints, find their way into the seawater to contaminate the
marine environment. In addition, the protection of workers
against hazards adds to the difficulty of use of those com-
pounds.

Hydrogen peroxide is highly safe and free from the above
problems. Because hydrogen peroxide is an unstable
compound, however, it has been practically impossible to
use it directly as an ingredient in antifouling or antibacterial/
antifungal paints.

Aliphatic carboxylic acids, aromatic carboxylic acids,
aliphatic alcohols, and phenolic compounds are free from
safety and pollution problems just as is hydrogen peroxide.
However, when those compounds are directly formulated
into an antifouling paint and applied to the structures in
water, they are eluted from the films into the surrounding
water in a very brief period of time because of their highly
solubility fir water. It is thus impossible to maintain an
elution level necessary for displaying antifouling property
for a long period of time. When these compounds are
formulated into an antibacterial/antifungal paint and applied
to the interior walls of hospitals, they are readily evaporated
off or driven off by the water contained in the atmosphere as
it is the case with said antifouling paint. Thus it also fails to
provide a long-term antibacterial/antifungal effect. Besides,
carboxylic acids in general emanate intense foreign odors so
that they are difficult to use just as are toxic compounds.

In the above state of the art, the present invention has for
its object to provide a novel method for sustained release of
compounds having antimicrobial activity and a coating
composition capable of releasing a safe and effective com-
pound having antimicrobial activity at a controlled rate.

SUMMARY OF THE INVENTION

The present invention relates to a method for releasing a
compound having antimicrobial activity from a matrix at a
controlled rate, which comprises incorporating an enzyme
and a substrate in said matrix beforehand to allow said
enzyme and said substrate to react with each other in said
matrix to thereby produce said compound having antimi-
crobial activity.

The present invention further relates to a coating compo-
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BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a diagrammatic representation of the amount of
release versus the duration of release of butyric acid in
Example 1 and Comparative Example 1, where the ordinate
represents the amount of release of butyric acid (ug/cm?/
day) and the abscissa represents the duration of release

(day).

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is now described in detail.

According to the method for controlled release of a
compound having antimicrobial activity according to the
present invention, an enzyme and a substrate are incorpo-
rated in a matrix beforehand and allowed to react with each
other in the matrix to thereby produce a compound having
antimicrobial activity.

The matrix is not particularly restricted in kind but
includes a paint film, a self-supporting film, a textile fabric,
a synthetic resin film or sheet, and an inorganic wall paint,
among others.

The compound having antimicrobial activity is not
restricted, provided it is produced as the result of enzyme-
substrate reaction. As such, there can be mentioned many
compounds having antifouling activity, compounds having
antibacterial/antifungal activity, compounds having biocidal
activity, and compounds having biorepellent activity, etc.

As mentioned above, the compound having antimicrobial
activity is produced by enzymatic reaction between an
enzyme and a substrate. It should be understood that said
compound having antimicrobial activity may be a compound
obtained as the direct result of enzymatic reaction between
the enzyme and the substrate or a compound formed from
the product of such enzymatic reaction through further
enzymatic or chemical reaction. The former case in which
the compound having antimicrobial activity is the direct
product of enzymatic reaction typically includes the case in
which said substrate is a precursor of the compound having
antimicrobial activity. Typical of the latter case in which the
compound having antimicrobial activity is formed from such
an enzymatic reaction product through further enzymatic or
chemical reaction is the case in which such an enzymatic
reaction product is a precursor of the objective compound
having antimicrobial activity.

Furthermore, said compound having antimicrobial activ-
ity may be other than products whose major structural
portions are originated from the substrate among the prod-
ucts obtained by said enzyme-substrate reaction. Falling into
this category is the case in which the substrate is deaminated
or oxidized/reduced by deamination or oxidation/reduction
reaction to produce an amino-containing compound or a
peroxide.

The above-mentioned compound having antimicrobial
activity includes but is not limited to carboxyl group-
containing compounds, hydroxyl group-containing
compounds, amino group-containing compounds, aldehyde
group-containing compounds, hydrogen peroxide, and
decomposition products of chitosan.

The carboxyl group-containing compound is not particu-
larly restricted in kind but includes a variety of organic acid
compounds, e.g. aliphatic acids such as formic acid, acetic
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dibasic acids such as oxalic acid etc.; aromatic carboxylic
acids such as benzoic acid, p-chlorobenzoic acid,
p-hydroxybenzoic acid, salicylic acid, cinnamic acid, etc.;
and their derivatives and halides.

There is no particular limitation on an enzyme-substrate
combination capable of producing such a carboxyl group-
containing compound. Typical are the case in which the
enzyme is an esterase and the substrate is an ester bond-
containing compound and the case in which the enzyme is
an amidase and the substrate is an amide bond-containing
compound.

The esterase is not particularly restricted in kind but
includes esterases such as carboxylesterase, arylesterase,
acetylesterase, etc.; lipases such as triacylglycerol lipase,
lipoprotein lipase, etc.; and proteases such as subtilisin,
chymotrypsin, tripsin, elastase, cathepsin, papain,
chymopapain, pepsin, etc., and so forth.

The ester bond-containing compound mentioned above is
not particularly restricted in kind but includes, among
others, esters of any of said carboxyl group-containing
compounds with aliphatic alcohols such as methyl alcohol,
ethyl alcohol, propyl alcohol, butyl alcohol, pentyl alcohol,
caproyl alcohol, caprylyl alcohol, capryl alcohol, lauryl
alcohol, myristyl alcohol, palmityl alcohol, oleyl alcohol,
etc.; esters of any of said carboxyl group-containing com-
pounds with aromatic alcohols such as phenol, benzyl
alcohol, etc.; esters of any of said carboxyl group-containing
compounds with polyhydric alcohols such as ethylene
glycol, glycerol, etc.; and esters of any of said carboxyl
group-containing compounds with derivatives or halides of
said aliphatic alcohols, aromatic alcohols, or polyhydric
alcohols.

The ester bond-containing compound mentioned above is
hydrolyzed by said esterase in the above-mentioned matrix
to produce said carboxylic group-containing compound.
This enzymatic reaction proceeds when water is present in
the reaction system, as follows.

R'COOR?+H,0—R*COOH+R?*0H

In the above reaction schema, R represents carboxylic
residue and R? represents an alcohol residue. The water
necessary for the above enzymatic reaction is supplied as
follows. Thus, when the above matrix is present in the
atmosphere, the water contained in the atmosphere migrates
into the matrix to supply the necessary water to the reaction
system. When the matrix exists in water such as seawater,
the very water penetrates into the matrix to supply the
necessary water to the reaction system. Therefore, even
when said ester bond-containing compound and said
esterase coexist in the matrix, the above-mentioned enzy-
matic reaction does not proceed unless water penetrates into
the matrix, with the result that said carboxyl group-
containing compound cannot be produced. On the other
hand, when the matrix contacts air or scawater and conse-
quently water finds its way into the matrix, the above
enzymatic reaction proceeds, with the result that said car-
boxyl group-containing compound is produced in the
matrix. Thus, in accordance with the present invention, said
carboxyl group-containing compound is persistently pro-
duced within the matrix at a constant rate to obtain the
objective controlled release.

The amidase mentioned above is not particularly
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The amide bond-containing compound mentioned above
is not particularly restricted in kind but includes, among
others, amides of any of said carboxyl group-containing
compounds with aliphatic amines such as butylamine,
hexylamine, octylamine, decylamine, laurylamine,
stearylamine, oleylamine, etc.; and amides of any said
carboxyl group-containing compounds with aromatic
amines such as aniline, toluidine, xylidine, and alkylanilines
such as hexylaniline, octylaniline, nonylaniline,
dodecylaniline, and so forth.

The hydroxyl group-containing compound mentioned
above is not particularly restricted in kind but includes,
among others, aliphatic alcohols such as methyl alcohol,
ethyl alcohol, propyl alcohol, isopropyl alcohol, butyl
alcohol, isobutyl alcohol, pentyl alcohol, isopentyl alcohol,
hexyl alcohol, etc.; aromatic alcohols such as phenol,
chlorophenol, and alkylphenols such as cresol, xylenol, etc.,
resorcinol, benzyl alcohol, etc.; and the derivatives and
halides of said aliphatic or aromatic alcohols.

There is no particular limitation on an enzyme-substrate
combination capable of producing the hydroxyl group-
containing compound. Preferred is the case in which the
enzyme is an esterase and the substrate is an ester bond-
containing compound.

The esterase and the ester bond-containing compound are
not particularly restricted in kind but each includes the
species mentioned hereinbefore.

The amino group-containing compound mentioned above
is not particularly restricted in kind, either, but includes
aliphatic amines such as butylamine, hexylamine,
octylamine, decylamine, laurylamine, stearylamine,
oleylamine, cyclohexylamine, etc.; and aromatic amines
such as aniline, toluidine, xylidine, p-n-hexylaniline, p-n-
octylaniline, p-nonylaniline, p-dodecylaniline, and so forth.

There is no particular limitation on an enzyme-substrate
combination capable of producing said amino group-
containing compound. Preferred, however, is the case in
which the enzyme is an amidase and the substrate is an
amide bond-containing compound.

The amidase and the amide bond-containing compound
are not particularly restricted in kind but each includes the
species mentioned hereinbefore.

The aldehyde group-containing compound is not particu-
larly restricted in kind but includes aliphatic aldehydes such
as formaldehyde, glyoxal, succinaldehyde, glutaraldehyde,
capronaldehyde, caprylaldehyde, caprinaldehyde,
laurinaldehyde, stearinaldehyde, oleinaldehyde, etc.; ben-
zaldehyde and its derivatives such as p-n-
hexylbenzaldehyde, p-octylbenzaldehyde,
p-oleylbenzaldehyde, vaniline, piperonal, etc.;
salicylaldehyde, cinnamaldehyde, and so forth.

An enzyme-substrate combination capable of producing
said aldehyde group-containing compound is not particu-
larly restricted but includes the case in which the enzyme is
alcohol dehydrogenase and the substrate is an aliphatic
alcohol, e.g. methanol, ethanol, etc.; the case in which the
enzyme is alcohol oxidase and the substrate is an aliphatic
alcohol such as methanol, ethanol, etc.; the case in which the
enzyme is arylalcohol dehydrogenase and the substrate is an
aromatic alcohol such as phenol, cresol, etc.; and the case in
which the enzyme is amine oxidase and the substrate is an
aliphatic amine such as butylamine, hexylamine, and so
forth.

An enzyme-substrate combination capable of producing
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A combination of said oxidase with said compound to be
oxidized thereby is not particularly restricted but specifically
includes such combinations as malate oxidase-malic acid;
glucose oxidase-glucose; hexose oxidase-glucose; choles-
terol oxidase-cholesterol; arylalcohol oxidase-arylalcohol:
galactose oxidase-galactose; alcohol oxidase-alcohol;
lathosterol oxidase-lathosterol; aspartate oxidase-aspartic
acid; L-amino-acid oxidase-L-amino acid; D-amino-acid
oxidase-D-amino acid; amine oxidase-amine; D-glutamate
oxidase-glutamine; ethanolamine oxidase-ethanolamine;
NADH oxidase-NADH; urate oxidase (uricase)-uric acid,
superoxide dismutase-superoxide radical; and so forth.

The enzymatic reaction between said oxidase and its
substrate compound yields hydrogen peroxide. As shown
below, this enzymatic reaction proceeds when either oxygen
or oxygen and water are present in the reaction system.

1) Compound A (substrate)+oxygen—Compound B (oxide
of Compound A)+hydrogen peroxide

2) Compound C (substrate)+oxygen+water—Compound
D+hydrogen peroxide+ammonium ion

3) Compound E (substrate)+oxygen+water—Compound F
(oxide of Compound E)+hydrogen peroxide

4) Superoxide radical+proton—hydrogen peroxide+oxygen

The above-mentioned oxygen is supplied not only from
atmospheric air but also from seawater containing dissolved
oxygen as the oxygen permeates into the matrix from its
surface in contact with seawater or the like. Therefore, even
in water such as seawater, the enzymatic reaction proceeds
in the matrix as water penetrates into the matrix, with the
result that hydrogen peroxide is produced in the matrix.

An enzyme-substrate combination capable of producing
said decomposition product of chitosan is not particularly
restricted. Preferred is the case in which the enzyme is a
chitosan-decomposing enzyme and the substrate is chitosan.

The chitosan-decomposing enzyme is not particularly
restricted in kind but includes chitosanase, cellulose,
lysothyme, and so forth.

In the present invention, the enzyme for use as incorpo-
rated in the matrix may be any of a purified enzyme, a crude
enzyme, or enzyme-containing cells. The source of the
enzyme is not restricted, either, but includes
microorganisms, plants, and animals. Moreover, in incorpo-
rating an enzyme in the matrix, the enzyme may be directly
incorporated or it can be used after modification with
another compound, or in the form of an immobilized
enzyme. The specific forms of said modified enzyme and
immobilized enzyme are not particularly restricted but
include enzymes entrapped in reverse micelles; enzymes
modified with lipids or surfactants; enzymes modified with
polyethylene glycol; and enzymes immobilized on polymer
matrices, among other forms.

Generally, enzymatic reaction between an enzyme and a
substrate proceeds in the presence of water as the medium.
Thus, even if both an enzyme and its substrate coexist,
enzymatic reaction does not proceed unless they encounter
each other through the water. In the method for controlled
release of a compound having antibiotic activity according
to the present invention, the controlled release of the com-
pound having antimicrobial activity is achieved by exploit-
ing the above characteristic of enzymatic reaction. Thus, an
enzyme and its substrate occurring as dispersed in a matrix
are brought into contact by the water penetrating into the
matrix from the atmospheric air or other environment with
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