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(57) ABSTRACT

The present invention relates to a composition comprising at
least one biologically active protease and at least one
biologically active glycosidase wherein the proteases and
the glycosidases are present in an activity ratio of from
1,000,000:1 to 1:1,000,000 and wherein the composition has
a total enzyme activity of at least 2 U/ml. Furthermore, the
present invention relates to a process of producing such an
enzyme comprising composition and to processes of remov-
ing caries. Moreover, the invention relates to the use of one
or more enzyme comprising compositions for producing a
treatment agent for removing caries.
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ENZYME CONTAINING COMPOSITION,
PROCESS OF PRODUCING SAID COMPOSITION
AND ITS USE

[0001] The present invention relates to a composition
comprising at least one biologically active protease or at
least one biologically active protease and at least one
biologically active glycosidase wherein the proteases and
the glycosidases are present in an activity ratio of from
1,000,000 U:1 U to 1 U:1,000,000 U. Furthermore, the
present invention relates to a process of producing this
enzyme comprising composition and to processes of remov-
ing caries. The invention also relates to the use of enzyme
comprising compositions for producing a treatment agent for
removing caries.

[0002] Caries which is also called tooth decay is one of the
most frequently occuring human diseases. Caries is a bac-
terial damage of the tooth which may even cause teeth to fall
out. From the outside, teeth are protected by a cover of hard
enamel enclosing the softer dentin which in turn encloses the
so-called pulp. The enamel itself consists of about 95%
inorganic compounds, especially hydroxyapatite, and about
5% organic compounds and water. Dentin is softer than
enamel and consists of about 65% inorganic compounds
(mainly hydroxylapatite), about 20% organic compounds,
(mainly collagen and polysaccharides) and about 15% water.

[0003] A caries disease often starts with the formation of
plaque and tartar which develops from plaque. Plaque is a
whiteish film on the tooth which mainly consists of a
bacteria, proteins, and polysaccharides containing mass
which is difficult to wipe off. The term “plaque” describes all
microorganisms present on the surface of the tooth and their
organic matrix. From plaque, caries and tartar can develop,
the latter of which is so damaging to the gums and consists
of calcified plaque. Even with careful brushing tartar cannot
be removed from the surface of the tooth.

[0004] Caries develops in several steps by bacterial fer-
mentation of carbohydrates, in particular by bacterial fer-
mentation of sugar to acids. The acids resulting from said
bacterial fermentation firstly dissolve the hard enamel,
whereas bacteria attack mainly the organic components such
as food particles having remained on the teeth.

[0005] If the enamel becomes porous and soft by the
bacteria induced influence of acids, bacteria may reach the
dentin layer below the tartar and infect it with caries. A
caries disease often results in an inflammation of the pulp
under the dentin. An inflammation of the pulp is extremely
painful and may cause a serious risk to the health of the
patient if it is not treated quickly.

[0006] The region where the enamel or enamel and dentin
are dissolved the most is called the caries lesion. A caries
lesion normally consists of a multitude of distinct com-
pounds, partly of bacterial origin and partly coming from
saliva as well as from food particles.

[0007] Contrary to damages to other living body tissue,
there is no endogenous way of repairing tooth damage
caused by caries. Only in the early phase of caries healing
by means of remineralisation of the hard substance of the
tooth is possible. At a later stage of caries there is a need for
a treatment, wherein a region of the tooth damaged by caries
is removed. The empty space resulting from removing the
caries affected tooth tissue is called cavity. Upwards from a
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certain size of a cavity and after the caries affected tooth
tissue has been removed the cavity is normally filled with an
artificial filling.

[0008] The damages of the tooth caused by caries are
normally removed by drilling out the carious tooth tissue
with a dental drill. Depending on indication and technique,
drill velocities of up to 400,000 rpm are obtained. The drills
used are hard metal or diamond instruments. Since drilling
causes an enormous release of heat and the removed tooth
substances contaminate the site of the treatment, a mixture
of water and air is usually required to cool and clean the
cavity.

[0009] However, this method of treatment for removing
caries using a dental drill has several disadvantages.

[0010] A serious disadvantage, for example, is that this
method of treatment is generally associated with consider-
able pain for the patient. As pain caused by drilling, the
patient feels especially the fine vibrations of the rotating drill
instruments at the regions of the tooth which are often
inflamed. Additionally there is a whistling drill sound which
is perceived as being very unpleasant. Therefore, many
patients often wait too long before they have a tooth treated
which is affected and damaged by caries.

[0011] A further disadvantage regarding this method of
treatment is that drilling damages and removes healthy tooth
substance. Such a removal of the healthy tooth material,
however, is generally undesirable.

[0012] A further disadvantage regarding preparation of a
tooth infected by caries with a drill is that in spite of drilling
out the carious tooth tissue, bacterial residues often remain
at the damaged site. Such bacterial residues can give rise to
deleterious side effects such as inflammation of the pulp and
root of the tooth, the treatment of which is often much more
painful than the initial preparatory treatment.

[0013] In addition to the classical drilling therapy
described above, an increasing number of methods for the
gentle treatment of the hard substance of the tooth have been
described in the last few years.

[0014] WO 98/20838, for example, describes a chemo-
mechanical method for removing caries essentially pain-free
and without a drill. In order to dissolve caries, the aggressive
oxidizing agent sodium hypochlorite is used in combination
with amino acids. A disadvantage of this method is that
sodium hypochlorite, as a strong oxidizing agent, reacts
unspecifically with constituents of infected carious tooth
tissue and non-infected healthy tooth tissue.

[0015] Furthermore, this method allows only softening of
the carious regions at the surface. As soon as the oxidizing
effect decreases, the sodium hypochlorite solution must be
applied again. Therefore frequent application of the solution
is necessary.

[0016] Clinical experience demonstrates that the described
chemo-mechanical method is very time-consuming and not
always successful so that in the end, one nevertheless has to
go back to a dental drill.

[0017] WO 96/07329 describes a method for treating and
preventing caries and paradontosis diseases. It is suggested
to fight germs in the oral cavity with enzymes obtained by
methods of genetic engineering. Lysozyme and dextranase
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are mentioned as suitable enzymes. As a starting point for
treating and preventing caries, plaque shall be removed with
the enzymes. The treatment of caries as such is not men-
tioned in the document.

[0018] Similarly EP 0 824 910 A2 describes the use of
certain enzymes for the treatment of plaque. The treatment
of caries as such is not mentioned in the document.

[0019] WO 92/10165 discloses a composition containing
in a certain amount, among other substances, proteases and
complexing agents for calcium for removing plaque on
prostheses. In this context, proteases working in the neutral
or basic environment are preferred. The treatment of caries
as such is not mentioned in the document.

[0020] WO 97/38669 relates to a composition for avoiding
the formation of plaque and for removing plaque, respec-
tively, wherein the composition contains the glycosidases
dextranase and mutanase and, optionally, other enzymes
such as proteases. It is described that all enzymes used
according o the document are applied in the pH range of
from 6 to 8. One can use the composition as toothpaste,
tooth-powder or irrigation. The treatment of caries as such is
not mentioned in the document.

[0021] WO 98/26807 describes a method for cleaning and
disinfecting surfaces such as working surfaces made from
plastics or metal which are coated with a biofilm wherein the
used composition contains enzymes. The treatment of caries
as such is not mentioned in the document.

[0022] The use of lysozyme in combination with the
complexing agent EDTA (Ethylene-Diamino-Tetraacetic-
Acid) for preventing treatment of caries is described in U.S.
Pat. No. 4,355,022. The treatment of caries as such is not
mentioned in the document.

[0023] Therefore there was a need for a composition with
which caries infected tooth tissue can be removed in daily
practice in a simple and pain-free manner. Furthermore,
there was a need for a composition for removing caries with
which the healthy tooth material worth to be preserved is not
or not more than avoidable attacked and damaged. More-
over, there was a need for a composition for removing caries
which secures that after the treatment of caries essentially no
bacterial residues remain. Moreover, there was a need for a
method for a pain-free and simple treatment of caries.

[0024] Generally, dentists can rely on various methods for
the decision, whether a cavity is “clean”, i.e., free of carious
residues. Very often, however, dentists rely on a distinct
acoustic signal being generated by scratching the surface of
a freshly prepared cavity with a dental probe. Caries free
dentin emits a crisp, clear sound when being scratched with
such a dental probe, resulting from a high fraction of mineral
material in the cavity walls. While this test is often applied
as the most easy way of determining whether a cavity is free
of carious material and the reliability of this test is high, it
does not necessarily determine exactly the point of removal
of tooth material at which the cavity can be defined as being
free of caries. Usually, for applying the dental probe method
with the desired result, the amount of material to be removed
from the tooth is higher than necessary. This can be
explained by the fact that slightly demineralized tooth
material, which is free of caries bacteria but already partially
demineralized, can be treated like healthy tooth material but
does not give the typical scratching sound when scratched
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with a dental probe. It has thus been a long felt need, to have
a choice of materials for the removal of caries from a cavity
without using a dental drill, which either remove the caries
and leave softer, but healthy tooth material basically
untouched or remove caries and softened, partly deminer-
alized dental material in order to be able to rely on the dental
probe scratch test.

[0025] Therefore, it was an object of the present invention
to provide a composition with which one or more of the
needs described above are fulfilled. It was another object of
the present invention to provide a method of treatment for
removing caries with which one or more of the needs
described above are fulfilled.

[0026] Therefore, in a first embodiment of the present
invention the invention relates to a composition comprising
at least one biologically active protease and at least one
biologically active glycosidase wherein the enzyme activity
ratios between the proteases and the glycosidases in the
composition are in a range of from 1,000,000:1 to 1:1,000,
000 and wherein the total enzyme activity is more than 2
U/ml.

[0027] Anenzyme unit (abbreviated as U) is the respective
amount of enzyme which is necessary to convert one pmol
of a corresponding enzyme substrate per minute at standard
conditions for the respective enzyme. In the case of protein-
ase K, U relates to the unit mAnson. For the sake of
simplicity the abbreviation U is used within the present text
also for proteinase K wherein in this case the abbreviation U
denotes the unit mAnson. Therefore, in the case of the
enzyme proteinase K, the figures of the enzyme activity
ratios for the enzyme units (U) are also valid for the enzyme
unit mAnson used exclusively for proteinase K.

[0028] In the present case, the total enzyme activity
[U/ml] relates to liquid as well as pasty and dry products
which, for example, consist exclusively of a mixture of
enzymes and optionally one or more adjuvants which are

also dry.

[0029] The enzymes used in the present invention gener-
ally can be isolated from plants, animals or fungi as well as
from bacteria or yeasts. They may have been produced also
via bioengineering. Enzymes are suitable which were iso-
lated from animals, bacteria or yeasts such as enzymes
obtained from pig or chicken. Furthermore, also enzymes
isolated from the bacterial genus Streptomyces or the fungus
Penicillium or from the bacterial genus Clostridium, the
fungus Aspergillus or Triotirachium are suitable. Enzymes
are preferred which were isolated from Streptomyces gri-
seus, Clostridium histolyticum, Aspergillus nidulans, peni-
cillium species or Tritirachium album.

[0030] In the context of the present invention, the term
“proteases” denotes all enzymes capable of converting pro-
teins proteolytically by hydrolyzing peptide bonds.

[0031] The proteases used according to the invention are
used for catalyzing the decomposition of protein compo-
nents which may be present in a caries lesion. For this
purpose, generally all proteases are suitable which catalyze
protein and peptide degradation. However, in the context of
the present invention, those proteases are especially suitable
which are capable of catalyzing the decomposition of col-
lagen fibres which are present, for example, in the material
of the tooth, or which at least catalyze a change in the
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structure of the collagen fibres so that the collagen fibres
have better solubility characteristics after the protease reac-
tion.

[0032] Proteases used according to the invention are, for
example, peptidases, peptidyl peptidases, dipeptidases,
dipeptidyl  peptidases,  oligopeptidases,  proteinases,
endopeptidases, exopeptidases.

[0033] A classification of proteases which are suitable
according to the invention is also possible with regard to the
amino acids or co-factors involved in the proteolytic cataly-
sis. Thus, in the context of the present invention, generally
all protease classes such as serine proteases, matrix metal-
loproteases, aspartate proteases and cysteine proteases may
be used. In general, the proteases comprised in the compos-
tion shall be used under conditions which allow the respec-
tive proteases to catalyze the degradation of the protein
components which are present in a caries lesion.

[0034] In general, a composition according to the inven-
tion may comprise only one protease, but may comprise as
well two or more different proteases.

[0035] According to one embodiment of the present inven-
tion a composition comprises, for example, one protease.
According to another embodiment a composition according
to the invention comprises about 1 to 10 different proteases,
preferably 1 to 6, more preferably 1 to 4 and more preferably
2 to 3 and more preferably 2 different proteases.

[0036] According to a preferred embodiment of the
present invention a composition comprises at least two
proteases. According to an embodiment of the present inven-
tion an inventive composition comprises, for example, col-
lagenase and pronase, according to another embodiment a
inventive composition comprises, for example, collagenase
and proteinase K.

[0037] According to another embodiment an inventive
composition comprises three proteases, namely collagenase,
pronase, and proteinase K. Especially preferred is the use of
collagenase from Clostridium histolyticum and pronase from
Streptomyces griseus and proteinase K from Tritirachium
album. According to another embodiment an inventive com-
position comprises only one protease, preferably an aspar-
tate protease wherein pepsin and in particular pepsin from
pig is preferred.

[0038] As glycosidases which can be used in the context
of the present invention all those glycosidases are possible
which are capable of cleaving and decomposing polysac-
charide structures within a caries lesion. In this respect,
glycosidases catalyze the hydrolytic cleavage of glycosidic
bonds of polysaccharide structures which are present in a
caries lesion.

[0039] The catalytic mechanism of the glycosidases only
works if the respective glycosidase is specifically linked to
the substrate. Thus, for example, the lysozyme catalyses the
hydrolysis of -1,4 linkages between N-acetylmuramic acid
and N-acetyl-D-glucosamine in polysaccharide structures.
In contrast to that, the ci-amylase catalyses the hydrolysis of
a-1,4 linkages between two D-glucose units in polysaccha-
ride structures and mutanase catalyses the hydrolysis of
a-1,3 linkages. The dextranase catalyses the hydrolysis of
a-1,6 linkages in dextrane.
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[0040] In a composition according to the invention, gen-
erally all types of glycosidases may be comprised either
separately or in combination with other glycosidases, for
example a-glycosidases or f-glycosidases or retentive gly-
cosidases or inverting glycosidases.

[0041] A composition according to the invention may
generally comprise, for example, only one glycosidase, but
may comprise as well two or more different glycosidases.
According to an embodiment of the present invention the
composition comprises, for example, one glycosidase.
According to another embodiment the composition accord-
ing to the invention comprises 1 to about 10 different
glycosidases, for example 1 to about 6 or 1 to 4 or 2 to 3, for
example 2 different glycosidases.

[0042] According to a preferred embodiment of the
present invention at least 2 different glycosidases are used in
a composition. Preferred glycosidases are lysozyme, a-amy-
lase, mutanase or dextranase or a mixture of two or more
thereof. The combined use of lysozyme and dextranase is
also suitable. Preferably, at least two different glycosidases
are used according to the present invention, in particular
lysozyme from chicken egg albumin, a-amylase from
Aspergillus nidulans and dextranase from Penicillium spe-
cies.

[0043] A composition according to the invention is char-
acterized by a distinct relation between the activity of the
proteases and the activity of the glycosidases. In general, the
enzyme activity ratios of the proteases to the glycosidases in
the composition according to the invention are in a range of
from 1,000,000:1 to 1:1,000,000.

[0044] The above-mentioned activity ratios always relate
to the respective standard conditions for the respective
enzyme. In this context, the following standard conditions
are valid:

0045 ronase: 1 unit corresponds to the conversion of 25
p P
ng of tyrosine per minute at 40° C. and a pH of 7.5 if
casein is used as substrate.

[0046] collagenase: 1 unit corresponds to the conversion
of 1 mmol of L-leucine in 5 h at 37° C. and a pH of 7.5
if collagen is used as substrate.

[0047] pepsin: 1 unit corresponds to a AE of 0.01 at A280
nm at 37° C. of converted hemoglobin with TCA.

[0048] lysozyme: 1 unit produces an activity of 0.001 per
minute at a pH of 6.24 and 25° C. As substrate, M.
lysodeikticus cells are used in a sensing volume of 2.6 ml.

[0049] dextranase: 1 unit corresponds to the conversion of
25 pmol of isomaltose per minute at 37° C. and a pH of
6.0 if dextrane is used as substrate.

[0050] c-amylase: 1 unit corresponds to the conversion of
1 mg of maltose in 3 minutes at 20° C. and a pH of 6.9
if starch is used as substrate.

[0051] proteinase K: 1 Anson unit corresponds to 1 pmol
folin positive amino acid at a pH of 7.5 and 35° C. if
hemoglobin is used as substrate.

[0052] According to the invention, ratios of from about
10,000:1 to 1:1,000,000 or from about 100:1 to 1:1,000,000
or from about 1:1 to 1:1,000,000 or ratios of from about 1:10
to 1:100,000 or about 1:100 to 1:100,000 between the
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activity of proteases and the activity of glycosidases are
suitable. Especially suitable are, for example, ratios of from
about 1:1,000 to 1:100,000, more preferred are ratios of
from about 1:3,000 to 1:30,000. Preferred ratios are, for
example, of from about 1:100 to 1:500.

[0053] The above-mentioned activity ratios explicitly
relate to the standard conditions which are valid for the
respective enzyme.

[0054] Moreover, the present invention relates to a com-
position comprising a glycosidase and a protease or com-
prising a glycosidase and at least two or more proteases or
comprising at least two or more glycosidases and a protease
or comprising at least two or more glycosidases and two or
more proteases. A composition according to the invention
comprises, for example, about 1 to about 10 glycosidases
and about 1 to about 10 proteases, preferably about 6
glycosidases and about 1 to about 10 proteases and more
preferably about 4 glycosidases and about 1 to about 10
proteases, more preferably about 2 glycosidases and about 1
to about 10 proteases or about 6 glycosidases and about 6
proteases or about 6 glycosidases and about 4 proteases or
about 6 glycosidases and about 2 proteases and more pref-
erably about 4 glycosidases and about 6 proteases or about
4 glycosidases and about 4 proteases or about 4 glycosidases
and about 2 proteases and more preferably about 2 glycosi-
dases and about 2 proteases.

[0055] According to a preferred embodiment of the
present invention a composition according to the invention
comprises the proteases proteinase K and collagenase in
combination with the glycosidases lysozyme and dextra-
nase.

[0056] The present invention also relates to a solution
comprising a composition according to the invention and at
least one solvent. In general, each solvent in which enzymes
can be dissolved without being denaturized can be a com-
ponent comprised in the composition according to the inven-
tion. All aqueous and organic solvents can be used which do
not impair the activity of the enzymes to an extent that their
use according to the invention is made impossible.

[0057] Suitable solvents are, for example, water, linear,
branched or cyclic, saturated or unsaturated alcohols with 2
to about 10 C atoms, ketones, esters, carboxylic acids and
mixtures of two or more of said types of solvents.

[0058] According to the invention, for example dialkyl
ketones or alcohols or polymerizable substances of low
viscosity such as polyethylene glycol (PEG), hydroxyethyl
methacrylate or (2,3-epoxypropyl) methacrylate and mix-
tures thereof can be used as solvents. Especially preferred
alcoholic solvents are methanol, ethanol, isopropanol, and
propanol. Other suitable organic solvents are glycerin, dim-
ethyl sulfoxide, tetrahydro furane, acetone, methyethyl
ketone, cyclohexanol, toluene, methylen chloride, chloro-
form, alkanes and acetic acid alkyl esters, in particular acetic
acid ethyl ester.

[0059] Generally, it is possible to use the above-mentioned
solvents alone or as a mixture of two or more of any of these
solvents if the solvent mixtures do not impair the enzyme
activity to such an extent that the desired result cannot be
obtained. According to a preferred embodiment of the
present invention, however, solvent mixtures are used com-
prising water as a component, in particular aqueous-alco-
holic solvent mixtures.
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[0060] The viscosity of the compositions according to the
invention can be essentially within any ranges, from highly
fluid to pasty, in case the compositions contain solvent.
Often it has turned out to be useful if the compositions have
a sufficiently low viscosity in order to flow into regions not
easily accessible within a caries lesion to be treated. How-
ever, it can also be advantageous if the solvent containing
composition according to the invention has a higher viscos-
ity, i.e. if the composition is gel-like so that it does not flow
away too quickly when the caries lesion is located at a region
at the side of the tooth.

[0061] The viscosity ranges of the solution according to
the invention are, for example, in a range of from about 1.0
mPa*s to about 1000 mPa*s at +25° C. or, for example, in
a range of from about 10 mPa®*s to about 100 mPa*s at +25°
C.

[0062] Generally, all thickening agents which can be used
in the present invention can be substances known by the
person skilled in the art which are usually employed to
adjust the desired viscosity of a solution, if said thickening
agents do not or at least not essentially impair the desired
purpose of use. Suitable thickening agents are, for example,
starch, polyethylene glycol, polyvinyl pyrrolidone, hydroxy-
ethyl propylcellulose, hydroxybutyl methylcellulose,
hydroxypropyl methycellulose, hydroxyethylcellulose,
sodium carboxymethylcellulose and inorganic thickening
agents such as silica gels or phyllosilicates and mixtures of
two or more of the mentioned thickening agents.

[0063] The enzyme solutions according to the invention
can have, for example, total enzyme activities of from about
2 U to about 1,000,000 U per ml solution. The lower limit
is, for example, about 3, 5, 7, or 10 U/ml wherein the
inventive effect is normally considerably improved at a
lower limit of the total enzyme activity of about 20 or about
25 or about 30 or about 40 or about 45 or about 50 U/ml
solution.

[0064] Preferably the inventive enzyme solutions com-
prise about 60 U to about 600,000 U/ml solvent, for example
about 100 U to about 400,000 U/ml solvent or about 300 to
about 300,000 U/ml solvent or about 500 U to about 200,000
U/ml solvent or about 700 to about 150,000 U/ml solvent or
about 1,000 to about 100,000 U/ml solvent or about 5,000 to
about 50,000 U/ml solvent. Moreover, in the context of the
present description, the described lower limits of the respec-
tive ranges can be combined with each of the above-
mentioned range limits if the advantageous effect of an
inventive enzyme solution occurs especially distinctly
within such a range.

[0065] The respective enzymes are present, for example,
with ratios of 1 U proteases:1 U glycosidases to 1 U
proteases: 1,000,000 U glycosidases or ratios of about 1 U
proteases:10 U glycosidases to 1 U proteases:100,000 U
glycosidases or about 1 U proteases:100 U glycosidases to
1 U proteases: 100,000 U glycosidases, relating to the stan-
dard conditions valid for the respective enzyme. Especially
suitable ratios are, for example, of from about 1 U pro-
teases:1,000 U glycosidases to 1 U proteases: 100,000 U
glycosidases, more preferred are ratios of from about 1 U
proteases:3,000 U glycosidases to 1 U proteases:30,000 U
glycosidases.

[0066] The total protease activity is for example in a range
of from about 1 U/ml solvent to about 1,000,000 U/ml
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solvent, preferably in a range of from about 5 U to about
100,000 U/ml solvent or in a range of from about 50 U to
about 50,000 U/ml solvent.

[0067] A suitable composition according to the present
invention comprising an enzyme combination of two pro-
teases has, for example, the following enzyme activities:
collagenase in a range of from about 1 to about 5,000 U/ml
solvent, for example about 1 to about 1,000 U/ml solvent or
for example about 1 to about 5 U/ml solvent, and proteinase
K in a range of from about 10 to about 300 mAnson/ml
solvent, preferably about 20 to about 100 m/Anson/ml
solvent and especially preferably about 20 to about 50
mAnson/ml solvent. Similar concentrations and ratios apply
for the combined use of collagenase and a protease different
from proteinase K.

[0068] Generally, the total glycosidase activity of a com-
position according to the invention is in a range of greater
than 1 U/ml. According to the present invention the total
glycosidase activity can be in the range of from about 1 U/ml
to about 1,000,000 U/ml solvent, preferably the total gly-
cosidase activity is from about 10 U/ml to about 500,000
U/ml solvent, for example a concentration of from about 50
U to about 300,000 U/ml solvent or a concentration of from
about 1,000 U to about 200,000 U/ml solvent or a concen-
tration of about 10,000 U to about 100,000 U/ml solvent.

[0069] According to another embodiment of the present
invention a composition comprising an enzyme combination
of two glycosidases has, for example, the following con-
centrations:

[0070] lysozyme in a range of from 5,000 to 200,000
U/ml solvent, preferably 10,000 to 150,000 U/ml sol-
vent, more preferably 70,000 to 100,000 U/ml solvent,
and

[0071] dextranase in a range of from 10 to 1,000 U/ml
solvent, preferably 50 to 500 U/ml solvent and more
preferably 90 to 250 U/ml solvent

[0072] Since a main protein component of a caries lesion
is the protein collagen, those solutions are preferred accord-
ing to the present invention, which alone or in combination
with one or more other proteases, are capable of degrading
collagen.

[0073] According to another embodiment of the present
invention an inventive solution for the degradation of struc-
turally intact collagen comprises at least two proteases.

[0074] The combined use of, for example, collagenase and
another protease such as proteinase K has an advantageous
effect on the degradation of structurally native collagen. The
degradation of native collagen is induced by the enzyme
collagenase. This means that collagenase converts the ter-
tiary structure of the collagen in such a way that after the
conversion the secondary structure can also be attacked by
other proteases. Collagenase alone, however, is not capable
of degrading collagen completely. Proteases such as pro-
teinase K or pronase, however, are not capable of degrading
structurally intact collagen. Such proteases can degrade
collagen only after a previous reaction of collagen with
collagenase. Thus, for an efficient degradation of collagen, a
combination of collagenase and other proteases is advanta-
geous.
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[0075] According to another embodiment of the present
invention the selection and the concentrations of the pro-
teases and glycosidases are chosen in such a way that the
proteases do not proteolytically inactivate the glycosidases
during the period of use.

[0076] The higher the mineralisation of the substrate, the
more difficult it is for an inventive composition to reach the
dentin-collagen. The consequence thereof is that the inven-
tive composition is active and has a degrading effect only
there where the substance of the tooth is damaged. Regions
of solid substance of the tooth are not attacked by the
enzyme containing composition. The effect of an inventive
composition comprising a combination of proteases and
glycosidases as described above for the treatment of caries
or for the use for the preparation of a pharmaceutical
preparation for the treatment of caries is controlled by the
proportion of mineral substance in the tooth. According to
another embodiment of the present invention proteases and
glycosidases are used which have a bactericide effect by, for
example, degrading components of the cell-walls of bacte-
ria.

[0077] Moreover, an inventive composition can comprise
at least one buffer or a first compound which when combined
with a second compound acts as a buffer. The buffer com-
prised in an inventive composition serves to adjust the pH
value in an inventive solution comprising an inventive
enzyme mixture to a value desired for the respective
embodiment of the present invention and for preventing a
change of the pH value during a defined period of time and
for stabilizing the respective solution, respectively.

[0078] In the context of the present invention, all custom-
ary buffer are suitable, such as phosphate buffer, carbonate
buffer, acetate buffer, citrate buffer, tris buffer, glycylglycine
buffer or glycine buffer. Sodium phosphate buffer, sodium
hydrogen phosphate buffer, sodium dihydrogen phosphate
buffer, potassium phosphate buffer, potassium hydrogen
phosphate buffer, potassium dihydrogen phosphate buffer or
pyrophosphate buffer are preferred. Suitable are also sodium
carbonate buffer, potassium carbonate buffer, sodium hydro-
gen carbonate buffer or potassium hydrogen carbonate
buffer. Especially preferably the inventive compositions
comprise phosphate buffer and their components, respec-
tively. An especially preferred phosphate buffer is a sodium
dihydrogen phosphate buffer.

[0079] 1t is also possible according to the present inven-
tion to use buffer systems which not only stabilize the
system at the desired pH value but also fulfill a secondary
task within the composition, e.g., activate or inactivate the
enzyme activity. Thus, also the acids and their salts as
described in the following text with regard to their enzyme
activating or inactivating properties can be used as buffer
systems in order to stabilize the pH value of the present
composition. Among those, diethylbarbituric acid, Tricine,
glycine-glycine and phosphate buffer are preferrerd as buffer
compounds.

[0080] The buffer concentration of a solvent containing a
solution according to the present invention can be in the
range of up to 100 mol per liter. The concentration mol per
liter relates to the acidic fraction in the solution. A range of
from about 0.001 to about 10 mol per liter is preferred.
According to another embodiment of the present invention
an enzyme containing solution comprises a buffer in the
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range of about 0.001 mol per liter to about 5 mol per liter.
The range of from about 0.01 to about 3 mol per liter is
preferred, while the range of from about 0.02 to about 2.0
mol per liter is more preferred. According to another
embodiment of the present invention an enzyme containing
solution comprises a buffer in the range of from about 0.03
to about 10 mol per liter, more preferred in a range of from
about 0.05 to about 5 mol per liter and even more preferred
of from about 0.08 to 2 mol per liter.

[0081] A solution comprising an inventive enzyme mix-
ture generally can have a pH value in the range of about 1
to about 10.

[0082] According to another embodiment of the present
invention the pH value of an inventive enzyme containing
solution is in the range of about pH 5 to about pH 10, in
particular of about pH 6 to about pH 9, in particular of about
pH 7 or of about pH 1 to about pH 4.

[0083] The use of the protease mixtures adjusted to the
above mentioned values is advantageous if the proteins in
the caries lesion are easily accessible, for example due to a
strong demineralization within the caries lesion. If, however,
such a solution gets in contact with a mineral material, the
proteolytic degradation does not occur. In this way, also a
limitation of the effect is achieved by means of a limitation
of the availablity of substrate. It is an advantage that
essentially only infected dentin and dentin which is dem-
ineralized to a greater extent is removed, whereas healthy,
mineralized dentin is not or only insignificantly attacked.
Therefore, the described solutions are very inoffensive
towards the healthy material of the tooth at a pH value of
about 5 to about 10.

[0084] An inventive composition can comprise further
adjuvants such as complexing agents, enzyme substrates or
enzyme effectors. According to the present invention,
enzyme effectors comprise enzyme activators as well as
enzyme inhibitors.

[0085] Inthe context of the present invention, complexing
agents serve to facilitate the access to the caries lesion by
supporting degradation of the hydroxylapatite.

[0086] Preferred complexing agents of the present inven-
tion are those which form a stable complex with metal ions
having a valence of 2. For example, EDTA (ethylen diamino
tetraacetic acid), EGTA (ethylene glycol diamino ethyl tet-
raacetic acid), citric acid or salicylic acid are suitable
complexing agents. EDTA (ethylen diamino tetraacetic acid)
is the most preferred complexing agent.

[0087] In the context of the present invention, further
compounds capable of optimizing the ability of the enzymes
to function can be added to an inventive composition. Such
enzyme activating or inhibiting compounds comprise dieth-
ylbarbituric acid, tristhydroxymethyl) amino methane
(TRIS), glycine, glycylglycine, N-(2-acetamido)-2-aminoet-
hane sulfonic acid (ACES), N-(2-acetamido)-imino diac-
etate (ADA), N,N-bis(2-hydroxyethyl)-2-aminoethane sul-
fonic acid (BES), N,N-bis(2-hydroxyethyl) glycine
(BICINE), 2,2-bis(thydroxyethyl)-imino tris(hydroxym-
ethyl) methane (BIS-TRIS), 2-(cyclohexyl amino)ethane
sulfonic acid (CHES), 2{4-(2-hydroxyethyl-1-piperazine)]
ethane sulfonic acid (HEPES), 3-[4-(2-hydroxyethyl-1-pip-
erazinyl)]propane sulfonic acid (HEPPS), 2-morpholinoet-
hane sulfonic acid (MES), 3-morpholinopropane sulfonic
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acid (MOPS), piperazine-1,4-bis(2-ethane sulfonic acid)
(PIPES), N-|tris(hydroxymethyl)-methyl]-2-aminoethane
sulfonic acid (TES), N-|tris(hydroxymethyl)-methyl]-gly-
cine (TRICINE), acids such as sulfuric acid, sulfonic acid,
phosphoric acid, hydrochloric acid, acetic acid, nitric acid,
bases such as sodium hydroxide, potassium hydroxide,
lithium hydroxide, ammonia, calcium hydroxide, magne-
sium oxide, salts such as magnesium chloride, magnesium
sulfate, magnesium nitrate, calcium chloride, calcium sul-
fate, calcium nitrate, iron(Ill) chloride, iron(Il) chloride,
ammonium sulfate, sodium chloride, potassium chloride,
sodium phosphates, potassium phosphates, manganese salts,
cobalt salts, zinc salts, co-enzymes, amino acids, betaine,
taurine, sorbitol, xylitol, polyethylene glycol, methylcellu-
lose, mannitol, glycerol and vitamins as well as many other
additives known to the skilled person.

[0088] The present invention also relates to a process of
producing an enzyme containing composition as described
in the context of the present invention wherein a suitable
selection of enzymes is admixed with a suitable ratio of the
respective enzyme activities.

[0089] The present invention further relates to a process of
producing an enzyme containing composition as described
in the context of the present invention wherein suitable
adjuvants and one or more suitable solvents are optionally
added to a suitable mixture of enzymes.

[0090] Regarding producing and storing in an inventive
process the person skilled in the art generally can use all
known techniques of how to treat enzymes. The composition
according to the invention, for example, may be treated by
means of chromatography techniques, freeze drying, spray
drying, granulation, centrifugation, precipitation, crystalli-
zation or ultrafiltration or nanofiltration.

[0091] Moreover, all production adjuvants known by the
person skilled in the art can be used to improve the storage
stability.

[0092] The present invention further relates to a process of
removing caries wherein the enzyme containing composi-
tion as described in the context of the present invention is
applied to the region of a tooth affected by caries.

[0093] When selecting the suitable treatment solution, in
particular when selecting the suitable enzymes for the prepa-
ration of a solution for the treatment and removal of caries,
one has to consider, for example, which type of caries is
present in the particular case.

[0094] Generally a difference is made between distinct
types of caries. Therefore, for example, caries is classified as
broken-down caries with unimpeded access to the dentin,
caries lesions wherein carious dentin is still covered with
enamel, enamel caries, root caries and root canal caries.

[0095] If the spot affected by caries is enclosed with a
thick layer of enamel or an old filling and thus is not
accessible by the treatment solution, the enamel cover or the
old filling may be removed with a fast rotating drill. If,
however, the enamel cover is perforated, for example, by an
advanced caries disease, it may by penetrated with a com-
position according to the invention combined with mechani-
cal support without the use of a dental drill. Possible
mechanical tools for supporting the penetration of perforated
enamel covers comprise a micro-brush with a little brush
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made of plastics or metal, specimen with a metal tip,
specimen with a spoon, specimen with a ball and other tools
generally available in a surgery of a dentist for dental use.
These tools serve to spread the inventive solution over the
site to be treated and to rub said solution in, to remove
softened carious dentin and to tactilely make out hard
surfaces of dentin and enamel by touch.

[0096] If access to the region of the tooth affected by
caries is possible, the treatment usually starts with the
identification of the carious regions of the tooth in the mouth
of the patient. The identification can be carried out by
methods known to the dentist, for example by inspection,
probing, X-ray, but also by using diagnostic impression
materials. The identified, caries infected regions of the tooth
are optionally roughly cleaned, for example with a probe or
an excavator wherein also abrasion agents may be optionally
added. Subsequently the region of the tooth to be treated is
rinsed and air-blown.

[0097] After these preparations the caries is removed by
applying the inventive enzyme containing composition onto
the prepared region of the tooth.

[0098] The site to be treated as well as the optionally
present cavity should always be covered and filled com-
pletely with the inventive solution, respectively. A suitable
application volume for the treatment of a region of a tooth
affected by caries is, for example, about 100 pul. However,
the suitable application volume should be adjusted to the
particular case, i.e. the size of the cavity and the size of the
region of the tooth affected by caries. Therefore, suitable
application volumes are in the range of from about 0.001 to
about 0.5 ml, preferably in the range of from about 0.01 to
about 0.3 ml and more preferably in the range of from about
0.02 to about 0.2 ml.

[0099] The preferred exposure time of the inventive
enzyme containing composition is in a range of from about
5 s to about 5 min wherein, depending on the size of the
caries lesion, the exposure times can be reduced or
enhanced. The exposure time is preferably in the range of
about 10 s to about 3 min, for example in the range of about
15 s to 2 min or in the range of about 20 s to 1 min.

[0100] During the exposure time the carious parts of the
caries lesion are degraded, and a larger cavity develops.
Once the exposure time has ended, the treated region of the
tooth is rinsed and optionally air-blown.

[0101] The caries degrading treatment step is carried out,
for example, according to the following scheme. A suitable
application volume of the enzyme containing solution is
applied onto the region of the tooth to be treated, the solution
is exposed for about 5 s to about 5 min, and subsequently,
the region of the tooth is rinsed with water, for instance. In
the following, such a treatment process is referred to as
incubation step.

[0102] Generally, the incubation step is carried out as
often as necessary so that no carious or bacterial residues
remain at the treated region of the tooth. The incubation step
can be carried out once or more than once, for example twice
or three times or even more often. In most cases, however,
it will not be necessary to repeat the incubation step more
than twice or three times.

[0103] Inthe context of the present invention it has turned
out to be especially advantageous when the incubation step
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is carried out twice in successive steps. The duration of
exposure of the inventive enzyme solution to the region of
the tooth affected by caries should be about 10 to about 30
s, for example about 20 s.

[0104] Therefore, the present invention also relates to a
process of removing caries wherein an inventive composi-
tion, in particular an inventive composition comprising at
least one solvent is applied to a carious region of a tooth.

[0105] Furthermore, the present invention relates to a
process of removing caries wherein said process is carried
out in two or more incubation steps.

[0106] Moreover, the present invention relates to a process
of removing caries wherein in a first and in one further or
several further steps an inventive composition is applied
onto the caries region of a tooth.

[0107] Inthe context of the present invention it has turned
out that in certain situations it might be advantageous to use
an enzyme containing treatment solution which is adjusted
to a pH value at which enamel and dentin are attacked and
degraded. This, for example, can be the case if the caries
lesion is located under a perforated but not completely
destroyed enamel cover. In such cases it is possible to
remove the enamel cover without a drill by means of an
acidicly adjusted enzyme containing treatment solution
wherein the enzyme comprised in such a solution induces or
carries out the degradation of the carious regions located
under the enamel cover.

[0108] Furthermore, it may be advantageous if a caries
lesion which has been already treated with an enzyme
containing composition of a pH value of 5 or above is
treated, in an intermediate step or finally, with an enzyme
containing treatment solution which is adjusted to a pH
value at which the enamel or the dentin are attacked and
degraded. Due to the degrading effect of such an acidic
solution on dentin and enamel a roughening of the insides of
the cavity is achieved thereby preparing and facilitating a
subsequent filling therapy.

[0109] Suitable treatment solutions have a pH value of less
than about 4, in particular less than about 3. Suitable pH
values, for example, are within a range of about 1 to about
4, in particular about 1.2 to about 3 or about 1.5 to about 2.5,
for example about 2.

[0110] Such a treatment solution should comprise at least
one enzyme which shows activity at a pH value within the
range described above. In this context, the enzyme pepsin is
particularly suitable.

[0111] According to the present invention, a pepsin solu-
tion is described which offers the advantage of preparing a
cavity in such a way that the dentist can use his dental probe
for evaluating the surface of the cavity walls for complete
removal of caries. The treatment with a pepsin solution
according to the present invention results in a cavity which
has mineralized cavity walls, thus being able to generate the
probing sound the dentist is used to. The proteolytic action
of the pepsin, combined with the acidic envorinment of the
solution according to the present invention results in an
improved removal of collagenoid residues in the cavity. The
interaction of proteolytic properties of pepsin and the acidic,
mineral dissolving environment of the composition accord-
ing to the invention is tailor made for this purpose. During
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the attack on mineral structures of the dentin the acidic
portion of the composition according to the invention also
denaturates the collagenoid structures, preparing them for
the attack of the pepsin. The pH value of the composition in
the cavity increases during the treatment due to the disso-
Iution of mineral components in the dentin until the pH value
is too high to cause further damage to the mineral compo-
nents. The enzyme, however, is still active and digests the
remaining denaturated proteins in the cavity. Thus, a cavity
wall with a composition resembling the healthy dentin is
obtained. Such a cavity wall, however, emits the sound
dentists are used to, when probing a cavity with a dental
probe in order to determine complete removal of carious
matter.

[0112] The present invention thus also relates to a com-
position with a pH value of about 2 or less, comprising
water, acid, pepsin and a rheological additive, wherein the
pepsin is present at a concentration of 1 to 45,000 U/ml and
the composition has a viscosity of about 1 to about 1000
mPas.

[0113] Generally, a composition as described above can
contain any type of acid, organic or inorganic, or mixtures
of both types of acids, in order to provide the desired pH
value. It has been found to be possible to use organic acids
like diethylbarbituric acid, tris(hydroxymethyl) amino meth-
ane (TRIS), glycine, glycylglycine, N-(2-acetamido)-2-ami-
noethane sulfonic acid (ACES), N-(2-acetamido)-imino
diacetate (ADA), N,N-bis(2-hydroxyethyl)-2-aminoethane
sulfonic acid (BES), N,N-bis(2-hydroxyethyl) glycine
(BICINE), 2,2-bis(thydroxyethyl)-imino tris(hydroxym-
ethyl) methane (BIS-TRIS), 2-(cyclohexyl amino)ethane
sulfonic acid (CHES), 2{4-(2-hydroxyethyl-1-piperazine)]
ethane sulfonic acid (HEPES), 3-[4-(2-hydroxyethyl-1-pip-
erazinyl)]propane sulfonic acid (HEPPS), 2-morpholinoet-
hane sulfonic acid (MES), 3-morpholinopropane sulfonic
acid (MOPS), piperazine-1,4-bis(2-ethane sulfonic acid)
(PIPES), N-|tris(hydroxymethyl)-methyl]-2-aminoethane
sulfonic acid (TES), N-|tris(hydroxymethyl)-methyl]-gly-
cine (TRICINE) to shift the pH value of a composition
according to the present invention into the desired pH range.
It has to be noted, however, that some or all of the above-
mentioned acids can, besides lowering the pH value, have
other effects on the composition, especially acceleratory or
inhibitory effects. It is also within the context of the present
invention that combinations of the above-mentioned acids
are used, wherein one or more acids are added for the
purpose of reaching or adjusting a desired pH value and one
or more acids are added for other purposes, irrespective of
their influence on the pH value.

[0114] Tt has, however, been discovered that inorganic
acids such as sulfuric acid, sulfonic acid, phosphoric acid,
hydrochloric acid, formic acid acetic acid, propionic acid,
citric acid, lactic acid, oxalic acid or nitric acid and the like
are advantageous in providing the desired pH value and
improving the denaturalizing and mineral dissolving prop-
erties of the composition according to the present invention.
It has to be noted that in the context of the present invention
acids like formic acid and acetic acid are treated as being
part of the group of inorganic acids.

[0115] It is possible to to use combinations of the above-
mentioned organic acids with inorganic acids for the purpose
of lowering the pH value. It has, however, been found
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sufficient or even advantageous, if the desired pH value is
adjusted by using inorganic acids.

[0116] In a most preferred embodiment of the present
invention inorganic acids are used for achieving the desired
pH range, especially phosphoric acid.

[0117] In order to stabilize the pH value of a pepsin
containing composition according to the present invention,
such a composition can include a buffer system. Generally,
buffer systems are known to the skilled person and have to
be chosen in relation to the acid used for lowering the pH
value. Suitable buffer systems are, e.g., H,PO,/H;PO,,
formic acid/formiate, acetic acid/acetate, citric acid/Na-
citrat, glycine/HCI.

[0118] The buffer concentration preferably lies in the
range of about 0.01 to about 2.0 M.

[0119] A pepsin containing composition according to the
present invention contains at least one rheological additive.

[0120] Tt has been found that dissolved pepsin undergoes
a structural change on passing through a pH value of about
3.5 due to configurational and interaction effects around the
isoelectric point. Due to those structural and interacional
changes pepsin tends to precipitate from the solution on
approaching the isoelectric point. This, however, results in a
gradual decrease in activity of pepsin on increasing pH
values. This behavior, in turn, may be counterproductive to
one of the objects of the present invention, namely the
removal of collagenous residues in the cavity while leaving
the mineral components of the cavity walls basically
untouched. It is thus desirable to keep up the activity of
pepsin as long as possible and to avoid precipitation of
pepsin molecules on approaching the isoelectric point.

[0121] Tt has surprisingly been found, that the addition of
rheological additives can inhibit such an early precipitation
and facilitate prolonged action of the pepsin even at higher
pH values.

[0122] As rheological additives, organic thickening agents
are successfully used. Suitable rheological additives are
polysaccharides. It is thus preferred, when a pepsin contain-
ing composition according to the present invention contains
a polysaccharide as a rheological additive. Suitable polysac-
charides are, for example, starch, mannan, xanthon, alginate,
carragen, pectin, polyvinyl pyrrolidone, hydroxyethyl pro-
pylcellulose, hydroxybutyl methylcellulose, hydroxypropyl
methycellulose, hydroxyethylcellulose or sodium car-
boxymethylcellulose and mixtures of two or more thereof. It
has to be noted, that the term “rheological additive” and the
term “thickening agents™ can be used interchangeably in the
context of the present text, unless explicitly stated otherwise.

[0123] Additionally to the above-mentioned mandatory
components water, acid, pepsin and rheological additive, a
polyether or a zwitterionic tenside, or a mixture of two or
more polyethers and zwitterionic tensides can be present in
the pepsin to the containing compositions according to the
present invention.

[0124] The addition of both types of components has
shown to improve the inhibition of precipitation even fur-
ther. Generally all types of polyethers are suitable for the
purpose of inhibiting the precipitation of pepsin. It is a
prerequisite, however, that the polyethers used according to
the present invention are, at least to a certain extent, water-
soluble.
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[0125] Generally, suitable polyethers should have a solu-
bility in water at a temperature of 20° C. of at least about 1
g/1, preferably more, e.g., at least about 5 or at least about
200 g/1. It is preferred, if polyethers used as a constituent of
the compositions according to the present invention exhibit
a solubility in water at a temperature of 20° C. of at least
about 0.1 wt.-%, preferably at least about 1 wt.-% or at least
about 2 wt.-%.

[0126] Suitable polyethers are generally made by reacting
a starting material, usually water, alcohol or amine, with one
or more epoxides in a base catalyzed, ring opening reaction.
It is also possible to obtain suitable polyethers by ring
opening polymerization of cyclic ethers like tetrahydrofuran
(THF) Preferred starting materials are water or mono- or
polytunctional alcohols. Suitable monofunctional alcohols
are linear or branched, saturated or unsaturated aliphatic,
cycloaliphatic or aromatic alcohols with 1 to about 22
carbon atoms. e.g., methanol, ethanol, n-propanol, isopro-
panol, n-butanol, isobutanol, tert.-butanol, the isomeric pen-
tanols, the isomeric hexanols, the isomeric heptanols and
their higher homologues, cyclohexanol, phenol, naphthol
and the like. Among the preferred polyfunctional alcohols
are alcohols with 2, 3 or 4 hydroxyl groups, e.g., ethylene
glycol, propylene glycol, butylene glycol, trimethylolpro-
pane, triethylolpropane, pentaerytiritol, sorbitol and the like.

[0127] Suitable epoxides or cyclic ethers in general are
oxirane (ethylene oxide), propylene oxide, butylene oxide or
THF.

[0128] Polyethers, which exhibit an inhibitory effect on
the precipitation of pepsin according to the present invention
can comprise only one type of monomers. It is, however,
also within the scope of the present invention to employ
polyethers which are comprised of more than one type of
monomer. Such copolymers can be organized randomly or in
blocks.

[0129] 1t is preferred within the present invention to
employ a polyether which is mainly or completely com-
prised of ethylene oxide repeating units ((—CH,—CH,—O0)
and has two or three hydroxyl groups.

[0130] The weight average molecular weight (Mw) of
such polyethers, as measured by conventional methods like
GPC, should not exceed about 10,000 atomic units, prefer-
ably it should be less than about 1,000 atomic units. The
minimum weight average molecular weight (Mw) of such
polyethers should be about 100 atomic units, preferably 150
atomic units or more, e.g. about 200 atomic units.

[0131] According to a preferred embodiment of the
present invention, a pepsin containing composition contains
polyethylene glycol with a molecular weight of about 100 to
about 500 atomic units, preferably 200 atomic units.

[0132] Instead of or additionally to one or more of the
above-mentioned polyethers, a pepsin containing composi-
tion according to the present invention can contain one or
more zwitterionic compounds. Generally, all types of low
molecular components bearing at least one positively
charged ion and one negatively charged ion are suitable in
the present context. The term “low molecular” relates to
zwitterionic components with a molecular weight of less
than about 1000, preferably less than about 500. In a
preferred embodiment of the present invention, a pepsin
containing composition according to the present invention
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contains one or more of the the following components as a
zwitterionic compound, glycine betaine, betaine, taurine,
ectoines or dimethylsulfonium propionate.

[0133] Furthermore, a pepsin containing composition
according to the present invention can contain one or more
polyhydric alcohols with four or more hydroxyl groups
which are not polyethers. Suitable polyhydric alcohols or
sugar alcohols like are pentaerythritol, xylite, sorbitole,
glucose, sucrose, fructose, mannitol or glycerol.

[0134] Since proteases themselves are proteins, a protease
containing solution is always in danger of losing its reac-
tivity due to self digestion of the enzymes in the solution.
Especially pepsin containing solutions which are stored at
pH values of less than 4 can undergo a rapid decrease in
activity. In order to delay this decrease in activity, an
inhibitor can be added to such a solution. While this inhibitor
delays the self digestion of pepsin in the solution, it also
slows down the reactivity towards proteins in a cavity. It
may, however, be desirable to have a solution with an
increased storage stability for the sacrifice of reactivity
towards caries. A pepsin containing composition according
to the present invention can thus furthermore contain an
inhibitor.

[0135] Suitable inhibitors can be the inhibitors already
mentioned above. Preferred inhibitors are polylysin, pepsta-
tin A or substituted piperidines.

[0136] The pepsin containing compositions according to
the present invention generally contain pepsin in an amount
of about 1 to about 100,000 U/ml of composition. It is,
however, preferred, if the activity of the pepsin is about 500
to about 50,000 U/ml of composition or about 1000 to about
8000 U/ml of composition. The desired activities can be
obtained, e.g., by adding an amount of about 0.5 to about 15
mg of pepsin of an ordinary, commercial available quality
per ml composition.

[0137] The rheological additive is added in an amount
sufficient to provide for a viscosity of about 1 to about 1000
mPas. It is preferred, if a composition according to the
present invention has a viscosity of about 5 to about 500
mPas or about 10 to about 100 mPas.

[0138] The viscosity is measured according to standard
procedures with a Haake rheometer (Rotor-Visco (RV1);
sensor (60/1° Ti) at 25° C.

[0139] A pepsin containing composition according to the
present invention contains a rheological additive in an
amount of about 0.1 to about 2 wt.-%, based on the weight
of the composition. It is preferred, when the amount of
rheological additive is in a range of about 0.2 to about 1
wt.-%, provided that the viscosity of the composition is
within the above-mentioned range.

[0140] The pepsin containing composition according to
the present invention can contain a polyether or a mixture of
two or more polyethers in an amount of about 0.1 to about
20 wt.-%, based on the weight of the composition. It has,
however, been found to be advantageous if the polyether is
present in an amount of about 0.5 to about 8 wt.-%,
especially in an amount of about 0.8 to about 5 wt.-%.

[0141] If the pepsin containing composition according to
the present invention contains a zwitterionic compound or a
mixture of two or more zwitterionic compounds, such com-
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ponents are present in an amount of about 0.1 to about 20
wt.-% based on the weight of the composition. Generally, it
has been found to be advantageous if zwitterionic compo-
nents are present in an amount of about 1 to about 15 wt.-%
or about 7 to about 12 wt.-%.

[0142] A pepsin containing composition according to the
present invention can additionally contain preservatives.
Generally, all types of preservatives can be used as part of
the compositions according to the present invention which
inhibit the growth of microorganisms in a solution according
to the present invention and which are tolerated by the
human body. It has, however, been found that conventional
preservatives of the para hydroxy benzoic acid ester type are
most preferred. Especially preferred are preservatives
known under the names methyl para hydroxy benzoic acid
ester (methylparabene) and propyl para hydroxy benzoic
acid ester (propylparabene). Each of the named preserva-
tives can be used as the sole preservative in a composition
according to the present invention. It is, however, also
possible to use combinations of such preservatives. The
preservatives are generally used in an amount of about 0.001
to about 1 wt.-%, based on the weight of the composition. In
a preferred embodiment of the present invention, preserva-
tives I used in an amount of about 0.01 to about 0.25 wt.-%,
based on the weight of the composition.

[0143] Furthermore, the pepsin containing compositions
according to the present invention can contain other addi-
tives such as complexing agents, enzyme substrates or
enzyme effectors, as have been described in the present text
above.

[0144] In order to overcome the problems related to stor-
age stability and loss of activity of pepsin containing solu-
tions according to the present invention it has been found
that such pepsin containing solutions can be advantageously
provided in the form of a two component system.

[0145] The present invention thus also relates to a com-
position comprising two components A and B, wherein
component A comprises water, a buffer system providing for
apH value above the pH value at which pepsin is most active
and a rheological additive and component B comprises
water, an acid providing for a pH value of less than or equal
to the pH value at which pepsin is most active, a thickener
and a polyether or a zwitterionic tenside or a mixture of
polyethers and zwitterionic tensides.

[0146] The pepsin containing composition according to
the present invention can thus also consist of two compo-
nents A and B. Component A comprises water and a buffer
system providing for a pH value above the pH value at
which pepsin is most active. Generally, suitable buffer
systems will provide for a pH value of about 3.5 or more,
especially about 4 or more or about 4.5 or 5 or more. It has
been found to be especially helpful, if component A has a pH
value of more than about 5.2, especially more than about 5.3
or more than about 5.4. A pH value of about 5.5 has been
found to give very good results.

[0147] The term “buffer system”, as used in the present
text, relates to a system being able to provide a buffering
effect with regard to component A as well as a mixture of
components A and B. it is thus not generally necessary, that
component A contains a complete buffer system. It is suf-
ficient, if a mixture of components A and B results in such
a buffer system.
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[0148] Generally, all types of buffer systems can be used,
as described in the text above. In a preferred embodiment of
the present invention a phosphate buffer is used. Component
A preferably contains a phosphate buffer at a pH value of
about 4.5 to about 6. It has been found to give good results,
if component A contains phosphate buffer in a concentration
of about 10 to about 500 mmol/l, especially about 50 to
about 150 mmol/l.

[0149] In a composition according to the present inven-
tion, component A preferably contains a pepsin activity of
less than about 60,000 U/ml, especially about 500 to about
50,000 or about 5,000 to about 45,000 U/ml composition.
Generally, the remarks with regard to pepsin concentration
and activity as described in the above text, also is valid for
the presently described composition.

[0150] Component A generally contains less than about 20
mg pepsin/ml of component A, preferably less than 15 or
less than 10 mg/ml of component A.

[0151] Components A further contains a rheological addi-
tive. Suitable are, e.g., the rheological additives as already
described above. In a preferred embodiment of the present
invention, component A contains a polysaccharide as a
rheological additive, e.g., hydroxyethylcellulose. Rheologi-
cal additives can be present in component A in an amount of
about 0.05 to about 1.5 wt.-%, preferably in an amount of
about 0.1 to about 1 wt.-% or about 0.3 to about 0.7 wt.-%.

[0152] Ina preferred embodiment according to the present
invention, component A can contain the following constitu-
ents in the following amounts:

0153 epsin: about 0.1 to about 1.0 wt.-%
[ pep

[0154] sodium dihydrogenphosphate: about 0.6 to about
2.4 wt.-%
[0155] sodium hydroxid: about 0.001 to about 0.5 wt.-%

[0156] hydroxyethylcellulose: about 0.2 to about 1.0
wt.-%

[0157]
[0158] propylparabene: about 0.005 to about 1.0 wt.-%
[0159] water: ad 100 wt.-%

methylparabene: about 0.005 to about 0.05 wt.-%

[0160] Component B according to the present invention
comprises water, an acid providing for a pH value of less
than 4.0, a thickener and a polyether or a zwitterionic tenside
or a mixture of polyethers and zwitterionic tensides

[0161] Generally, component B can contain all types of
acids which have been mentioned above for reaching a
desired pH value. Since components A and B can form a
buffer system after mixing, it can be advantageous if at least
one acid in component B matches a salt contained in
component A. In a preferred embodiment of to the present
invention component B contains phosphoric acid. It has
further been found to be advantageous, if component B
contains the acid in such an amount that a pH value of 1 to
about 2.8, especially about 1.5 to about 2.5 is reached.

[0162] Component B further contains a polyethylenegly-
col or a zwitterionic compound or both. As polyethylene
glycols, the above mentioned polyethylene glycols are suit-
able. It is preferred, to use polyethylene glycol was in the
above specified range of molecular weights. If component B
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contains polyethylene glycol, the amount is within the range
of about 0.1 to about 10.0 wt.-%, preferably about 0.5 to
about 5.0 wt.-%, based on the weight of component B.

[0163] If component B contains the zwitterionic com-
pound, the above-mentioned zwitterionic components are
preferred. The amount of zwitterionic compounds in com-
ponent B is in range of about 0.1 to about 20 wt.-%,
especially about 1 to about 15 or about 7 to about 12 wt.-%.

[0164] In a preferred embodiment according to the present
invention, component B can contain the following constitu-
ents in the following amounts:

[0165]
wt.-%

[0166] phosphoric acid: about 5 to about 10 wt.-%

sodium dihydrogenphosphate: about 10 to about 20

0167 olyethylene glycol: about 2 to about 5 wt.-%
[0167] polyethylene gly

[0168] hydroxyethylcellulose: about 0.2 to about 1.0
wt.-%

[0169] water: ad 100 wt.-%

[0170] Component A and component B can contain one or
more of the above-mentioned additives. Preferably one of
components A or B contains at least one colorant in order to
be to discriminate between the components and to be able to
determine whether the components were thoroughly mixed
before application.

[0171] The ratio in which components A and B are mixed,
largely depends on the desired properties of the mixture.
Generally, the components must be mixed in such a way that
the pH value of the mixture is below the pH value of
component A. Preferably, the ratio is chosen such that the
properties of the mixture correspond to the properties
described above for the pepsin containing composition. It is
thus preferred, when components A and B are mixed in a
ratio which leads to a mixture having a pH value of less than
about 4, preferably less than about 3.8 or less than about 3.5,
especially preferred less than about 3.3 or less than about
3.2.

[0172] 1t is further preferred, when a mixture of compo-
nents A and B has the following properties:

[0173] pH value: about 1.5 to about 3.5

[0174] wviscosity: about 10 to about 50 mPas
[0175] pepsin activity: about 1,000 to about 10,000
[0176] buffer capacity: about 0.5 to about 2.0

[0177] Components A and B are advantageously prepared
such that in order to arrive at a mixture for application with
the above-mentioned properties the ratio of components A
and B is about 5:1 to about 1:5, especially about 2:1 to about
1:4 or about 1:1 to about 1:3.5, preferably about 1:2 to about
1:3.

[0178] The present invention also relates to a process of
removing caries wherein a treatment solution as used which
comprises at least one protease having its proteolytic cata-
Iytic action optimum at a pH value of about 5 or less or at
a pH value of about 4 or less.

[0179] Furthermore, the present invention relates to a
process of removing caries wherein a caries lesion is con-
tacted with at least one composition according to the present
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invention and with at least one treatment solution compris-
ing a protease having its proteolytic catalytic action opti-
mum in an acidic pH range of below 7.

[0180] According to another embodiment of the present
invention such a treatment solution comprises, for example,
an aspartate protease, preferably pepsin. The starting pH
value of the treatment solution used in this process is
preferably about 1.0 to about 2.5. Such a treatment solution
used in the context of the present invention preferably
comprises a buffer.

[0181] A further embodiment of the present invention
relates to the process for the treatment of caries, wherein two
components A and B as described above are mixed and a
caries lesion is contacted with this mixture.

[0182] A further embodiment of the present invention
relates to the use of the mixture comprising components A
and B, wherein component A comprises water, a buffer
system providing for a pH value above the pH value at
which pepsin is most active and a rheological additive and
component B comprises water, an acid providing for a pH
value of less than the pH value at which pepsin is most
active, a thickener and a polyether or a zwitterionic tenside
or a mixture of polyethers and zwitterionic tensides, for the
treatment of caries.

[0183] A further embodiment of the present invention
relates to the use of the composition comprising components
A and B, wherein component A comprises water, a buffer
system providing for a pH value above the pH value at
which pepsin is most active and a rheological additive and
component B comprises water, an acid providing for a pH
value of less than the pH value at which pepsin is most
active, a thickener and a polyether or a zwitterionic tenside
or a mixture of polyethers and zwitterionic tensides, for the
preparation of a pharmaceutical product which is useful for
treatment of caries.

[0184] The caries treatment process with such a treatment
solution preferably comprising pepsin is carried out essen-
tially according to the process already described in which a
composition according to the invention is used.

[0185] A respective acidic treatment solution may provide
access to the minerally coated protein parts in a caries lesion
via an already porous enamel cover. At the same time the
acid denaturizes the proteins in the caries lesion. In this way
the proteolytic degradation is supported. This is advanta-
geous particularly for the high collagen proportion because
native and structurally intact collagen is only slowly
attacked by pepsin. Acid and pepsin have a synergistic effect
in this case.

[0186] In order to prevent the composition described
herein from penetrating too deeply into the tooth and thereby
also damaging healthy tooth material, use is made of the
alkaline property of the hydroxyapatite. The more hydroxya-
patite is dissolved, the further the pH value of the solution
is shifted towards pH 5.5 which limits the hydroxyapatite
dissolving capacity of the acidic pepsin solution. Therefore,
the acidic pepsin containing solution is not dangerous for
healthy regions of the tooth. Furthermore, it is advantageous
that the acidic pepsin solution has a germ killing effect.

[0187] In the context of the present invention, the
described treatment solution can be used alone in one or
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more subsequent steps for treating caries lesions. According
to the invention, however, it is also possible to use the
treatment solution in combination with a composition
according to the invention, especially in combination with a
solvent comprising composition according to the invention.

[0188] Generally, the sequence of treatment steps with a
composition according to the invention and an acidic treat-
ment solution is essentially arbitrary. Thus, the composition
according to the invention and the acidic treatment solution
can be used, for example, in 2 or more steps alternately or
several times in succession one after the other in each case.
Thereby, the first treatment step can be carried out with a
composition according to the invention or with an acidic
treatment solution.

[0189] Preferably a rinsing step takes place between the
separate treatment steps wherein the residues of the dis-
solved parts of the caries lesion are removed together with
the composition used for the treatment or with the treatment
solution.

[0190] The present invention also relates to a process for
removing caries wherein a caries lesion is contacted with at
least one composition according to the invention and at least
one treatment solution comprising at least one protease
having its proteolytic catalytic action optimum in an acidic
pH range of below 7. Preferably, the treatment is carried out
in two or more subsequent steps.

[0191] According to an embodiment of the present inven-
tion it has turned out to be advantageous, for example, when
at first two incubation steps are carried out with a solution
according to the invention and a final incubation step is
carried out with the acidic treatment solution. The acidic
treatment solution slightly etches the surface of the tooth,
thus consequently being well suitable for the preparation of
a filling therapy following the caries removement. Due to the
hard and somewhat rough surface resulting from the etching
effect of the acidic treatment solution the filling materials
adhere very well to the tooth.

[0192] According to a further embodiment of the present
invention it has turned out to be advantageous when the first
incubation step is carried out with an acidic pepsin contain-
ing solution. This approach is optimal in the case of a tooth
damage where the enamel layer covers the infected dentin
but where said enamel layer has become porous and soft due
to caries to such an extent that the acid is sufficient to
provide an access to the dentin through the porous enamel
layer, to denaturize collagen and to degrade denaturized
collagen.

[0193] Thereafter, for example, an incubation step with a
solution according to the invention can be carried out in
order to degrade the denaturized collagen.

[0194] 1t is an effect of the process of treating caries
according to the present invention that essentially no detect-
able caries active bacteria remain at the region of the tooth
previously affected by caries. This is proved, for example,
by microscopic analyses.

[0195] The solutions for the treatment of caries proposed
according to the invention can be provided for the end user
generally in any facultative form. In the basic form a kit can
be provided for the user which comprises two or more of the
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above mentioned enzymes which then are mixed by the user
himself in the necessary amount.

[0196] Therefore, the present invention also relates to a kit
comprising at least two enzymes being capable of being
admixed to obtain a composition according to the invention.

[0197] In order to facilitate the mixing process for the user
it can be advantageous to add a suitable solvent to the kit.
Moreover, it is absolutely possible and facilitating the appli-
cation if the enzymes comprised in the kit are already
present admixed in a suitable mixing ratio with regard to
their activity within the above mentioned limits.

[0198] Often it makes sense to combine the treatment with
a composition according to the invention and an acidic
treatment solution. In order to facilitate the application for
the user also in this case it turned out to be advantageous
when the composition according to invention and the acidic
treatment solution are provided as a kit as well.

[0199] Therefore, the present invention also relates to a kit
comprising at least one composition according to the inven-
tion or at least one acidic treatment solution comprising at
least one protease having its proteolytic catalytic activity
optimum in an acidic pH range of below 7, or comprising at
least one composition according to the invention and at least
one acidic treatment solution comprising at least one pro-
tease having its proteolytic catalytic activity optimum at a
pH value of about 4 at most.

[0200] When the composition according to the present
invention is provided in two components, the components
can generally be provided in any type of package, e.g., tubes,
flasks and the like. For the application of small amounts of
liquids, however, the prior art discloses a number of alter-
natives which facilitate the application of such small amouts
of liquid especially in dental applications, where restricted
operating space often leads to difficult handling of simple
applicators.

[0201] According to the present invention it is thus pre-
ferred, to supply the above mentioned compositions with
two components A and B in a technically more advanced
package wich facilitates mixing and application of the two
components. According to the other preferred embodiment
of the present invention, the two components A and B are
supplied in multi chamber applicators as described in WO
02/06820 on pages 3 to 4 and 13 to 17 and FIGS. 1 to 4, DE
10056 212 A1 column 2 to 10 and FIGS. 1 to 5 and U.S. Pat.
No. 6,105,761 column 2 to 5 and FIGS. 1 to 6, respectively.
The above mentioned documents are explicitly mentioned
and their disclosure, especially the disclosure relating to
dispensing devices for multi component compositions dis-
closed in the above mentioned locations is regarded as being
part of the disclosure of the present invention.

[0202] The present invention thus relates to a multi cham-
ber device for storing and dispensing liquids, characterized
in that at least one chamber contains a component A and at
least one chamber contains a component B, wherein com-
ponent A comprises water, a buffer system providing for a
pH value above the pH value at which pepsin is most active
and a rheological additive and component B comprises
water, an acid providing for a pH value of less than the pH
value at which pepsin is most active and, a rheological
additive and a polyether or a zwitterionic tenside or a
mixture of polyethers and zwitterionic tensides.
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[0203] The present invention further relates to the use of
at least one protease having its proteolytic catalytic activity
optimum in the acidic pH range of below 7, especially at a
pH value of 4 at most, for producing a treatment agent for
removing caries.

[0204] The invention is described in more detail in the
following examples.

EXAMPLES

Enzymes Used:

[0205] The enzymes pepsin, collagenase, lysozyme, pro-
nase, dextranase, and alpha-amylase were purchased from
the company SIGMA. The enzyme proteinase K was pur-
chased from the company ICN.

Example 1
[0206] Formulations
Solution 1:

name Concentration
enzyme lysozyme 88,000 w/ml

dextranase 110 wml

collagenase 2.7 wml

proteinase K 38 mAnson/ml
buffer sodium dihydrogen phosphate 0.025 mol/l

pH 7.0
solvent water
adjuvants carboxymethyl cellulose 2%
[0207]
Solution 2:

name concentration
enzyme pepsin 1 mg/ml
buffer sodium dihydrogen phosphate 1 mol/l

pH 2.0

solvent water
adjuvants HEC 0.5%

PEG 200 3%

Example 2

Treatment Process

[0208] The examinations as to the determination of the
efficiency of the solutions according to the invention were
carried out in vitro with extracted carious teeth.

1. Access

[0209] If necessary, the part of the enamel layer covering
the carious region was removed by a fast-rotating drill.

2. Optionally Rough Cleaning

[0210] Rough cleaning is not necessary, facilitates, how-
ever, the examination of the effect of the treatment for the
dentist. With an excavator or a caries spoon the rough
cleaning of the caries lesion was performed.
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[0211] 3. Treatment with Enzyme Solutions

a) 20 s 100 pl of solution 1
b) rinsing

c) 20 s 100 pl of solution 1
d) rinsing

e) 20 s 100 pl of solution 2
f) rinsing

g) thereafter optionally filling therapy

Since both solutions are each capable of making the region
of the tooth affected by caries free of bacteria, a treatment
can be carried out also with exclusively either solution 1 or
2 or also in different sequence. A combined use is preferred.
A final application of the acidic solution 2 (pH value 2.0) is
especially advantageous if subsequently a filling therapy is
intended.

Example 3
Proof of Absence of Bacteria

[0212] After the enzyme solution for removing infected
hard substance of the tooth in the caries lesion had been
applied in accordance with the requirements, the extracted
and treated tooth was air-blown and fixed in an embedding
mass (cytofix, Struers company). With an internal hole saw,
tooth sections through the caries lesions were made step by
step. The tooth sections were freed from covering embed-
ding material and each incubated in 1 ml live/dead dye
solution for bacteria (Live/Dead BacLight, Molecular
Probes company). During incubation the tooth sections were
stored protected from light. With a fluorescence microscope
(Zeiss company, Axioplan 2) the marked bacteria were
studied under reflected light with a 24 FITC filter at an
enlargement factor of 630 and 1000. While in an untreated
sample under the same conditions a bacteria bed was
observed, the samples treated according to the invention
were absolutely bacteria-free. In the case of a tooth material
destroyed by caries to a lesser extent, already a one-time
application of only one solution according to the invention
or one pepsin containing solution may lead to a bacteria free
region of the tooth previously affected by caries.

2 Component Solution:

[0213] A 2 component system according to the present
invention was prepared as follows:

component A component B

physical condition liquid liquid
PH 5.5 2
pepsin (from pig stomach) 0.9% —
NaH,PO, 1.2% 15.6%
H;PO, — <6%
NaOH <0.1% —
hydoxyethylcellulose 0.5% 0.5%
(high viscosity)

polyethylene glycol 200 — 4%
methyl para hydroxy benzoate 0.07% —
propyl para hydroxy benzoate 0.02% —

[0214] The treatment solution was prepared by mixing of
component A and B at a ration of 1:3 (component A:com-
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ponent B), e.g. by sequentially adding the two solutions in
the appropriate ration into a plastic container and thoroughly
mixing the components.

[0215] The treatment solution after mixing had the fol-
lowing composition:

[0216] Treatment Solution:

treatment solution

physical condition liquid
pH 2.1
pepsin (from pig stomach) 0.23%
NaH,PO, *2H,0 12%
H,PO, <5.6%
NaOH <0.1%
hydoxyethylcellulose 0.5%
(high viscosity)

polyethylene glycol 200 3%
methyl para hydroxy benzoate 0.018%
propyl para hydroxy benzoate 0.005%

[0217] Treatment Process:

a) 20 s 100 pl of treatment solution
b) rinsing

c) 20 s 100 pl of treatment solution
d) rinsing

e) 20 s 100 pl of treatment solution
) rinsing

g) thereafter optionally filling therapy

Proof of Absence of Caries:

[0218] After the enzyme solution for removing infected
hard substance of the tooth in the caries lesion had been
applied in accordance with the requirements, the extracted
and treated tooth was air-blown and fixed in an embedding
mass (cytofix, Struers company). With an internal hole saw,
tooth sections through the caries lesions were made step by
step. The tooth sections were freed from covering embed-
ding material and each incubated in 1 ml live/dead dye
solution for bacteria (Live/Dead BacLight, Molecular
Probes company). During incubation the tooth sections were
stored protected from light. With a fluorescence microscope
(Zeiss company, Axioplan 2) the marked bacteria were
studied under reflected light with a 24 FITC filter at an
enlargement factor of 630 and 1000. While in an untreated
sample under the same conditions a bacteria bed was
observed, the samples treated according to the invention
were absolutely bacteria-free. In the case of a tooth material
destroyed by caries to a lesser extent, already a one-time
application of a solution according to the invention as
described above may result in a bacteria free region of the
tooth previously affected by caries.

1. A composition comprising:
at least one biologically active protease;
at least one biologically active glycosidase, and

at least one buffer,

wherein the proteases and the glycosidases are present in
an activity ratio of 1,000,000:1 to 1:1,000,000, and

wherein the total enzyme activity is at least 2 U/ml.
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2. A composition according to claim 1, wherein the at least
one protease is selected from the group consisting of pro-
teinase K, collagenase, pronase, and a mixture of two or
more thereof.

3. A composition according to claim 1, wherein the at least
one glycosidase is selected from the group consisting of a
lysozyme type, an a-amlyase type, a dextranase type, and a
mixture of two or more thereof.

4. A composition according to claim 1, wherein said
composition comprises at least two types of proteases and at
least one type of glycosidases.

5. A composition according to claim 1, wherein said
composition comprises proteinase K, collagenase,
lysozyme, and dextransase.

6. A composition according to claim 1, wherein said
composition comprises at least one solvent.

7. A composition according to claim 1, wherein said
composition comprises at least one polar solvent.

8. A composition according to claim 1, wherein said
composition comprises at least one buffer in a concentration
of from about 0.001 to about 10 mol/l

9. A composition according to claim 1, wherein said
composition comprises at least one phosphate buffer.

10. A composition according to claim 1, wherein said
composition comprises one or more adjuvants selected from
the group consisting of:

i. complexing agents,
ii. enzyme substrates,
iii. enzyme effectors,
iv. thickening agents,
v. preservative agents, and

vi. stabilizing agents.

11. A composition according to claim 1, wherein at least
one protease or glycosidase has an enzyme activity in a pH
range of from 1 to 10.

12. A composition according to claim 1, wherein at least
one protease or glycosidase has an enzyme activity in a pH
range of from 5 to 8.

13. A process of producing a composition according to
claim 1, wherein at least one biologically active protease and
at least one biologically active glycosidase are mixed so that
the proteases and glycosidases are present in an activity ratio
of from 1,000,000:1 to 1:1,000,000 and the total enzyme
activity is at least 2 U/ml.

14. A kit comprising at least two enzymes, said enzymes
being miscible for obtaining a composition according to
claim 1.

15. A kit according to claim 14, wherein said kit further
comprises a separated solvent.

16. A kit comprising: at least one composition according
to claim 1; and at least one treatment solution, said treatment
solution comprising at least one protease having its pro-
teolytic catalytic action optimum in the acidic pH range of
below 4.

17. A method for producing a treatment agent for remov-
ing caries, the method comprising using a composition
according to claim 1.

18. A composition with a pH value of 4.0 or less,
comprising water, acid, pepsin, and a rheological additive,
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wherein the pepsin is present at a concentration of 1 to
50,000 U/mg and the composition has a viscosity of 10 to
1000 mPas.

19. A composition according to claim 18, further com-
prising, a polyether glycol, a zwitterionic tenside, or a
mixture of polyether and zwitterionic tensides.

20. A composition according to claim 18, wherein the
composition further comprises an inhibitor.

21. A composition comprising two components A and B,
wherein component A comprises water; a buffer system
providing for a pH value above the pH value at which pepsin
is most active; and a rheological additive; and

wherein component B comprises water; an acid providing
for a pH value of less than the pH value at which pepsin
is most active; a thickener; and a polyether, a zwitte-
rionic tenside, or a mixture of polyethers and zwitte-
rionic ten sides.

22. A composition according to claim 21, wherein com-
ponent A has a pepsin activity of less than 50,000 U/ml.

23. A composition according to claim 21, wherein com-
ponent A comprises less than 20 mg pepsin/ml.

24. A composition according to claim 21, wherein com-
ponent A comprises a phosphate buffer at a pH value of 5 to
6.

25. A composition according to claim 21, wherein com-
ponent B comprises phosphoric acid at a pH value of 1.5 to
4.0.

26. A composition according to claim 21, wherein com-
ponent A comprises a polysaccharide as a thickener.
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27. A composition according to claim 21, wherein com-
ponent B comprises a polyethyleneglycol, a betain, or both.

28. A composition according to claim 21, wherein com-
ponent B further comprises a rheological additive.

29. A method for producing a treatment agent for remov-
ing caries, the method comprising using an enzyme that is
proteolytically active in the pH range below 7.

30. The method according to claim 29, wherein the
enzyme has its catalytic action optimum at a pH value of 4
at most.

31. The method according to claim 29, wherein the
enzyme is pepsin.

32. A method for producing a treatment for removing
caries, the method comprising using glycosidase.

33. A multi chamber device for storing and dispensing
liquids comprising:

at least one chamber comprising a component A: and
at least one chamber comprising a component B,

wherein component A comprises water; a buffer system
providing for a pH value above the pH value at which
pepsin is most active; and a rheological additive; and

wherein component B comprises water; an acid providing
for a pH value of less than the pH value at which pepsin
is most active; a rheological additive; and a polyether,
a zwitterionic tenside, or a mixture of polyethers and
zwitterionic tensides.
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