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Abstract

5 The invention relates to the use of polymeric or oligomeric active ingredients
having a biocidal effect as additives in the composition of medical articles. The

invention further relates to medical articles that comprise such additives.
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1

Use of Polymeric or Oligomeric Active Ingredients
for Medical Articles

The invention relates to the use of polymeric or oligomeric active ingredients

having biocidal activity as an additive in a composition for medical articles.

In addition, the invention relates to a process for preparing a medical article, and

to a medical article.

Medical articles or objects that are inserted into a patient's body, for example,
intravasal catheters, breathing tubes or stents, must have as smooth a surface as
possible in order to minimize complaints of the patient and deposits on the
surfaces. Such medical articles and their packaging are often prepared by methods
of plastics technology, for example, compression molding, extrusion molding, deep
drawing and extrusion methods, from a plastic material, wherein it is tried to

achieve as smooth surfaces as possible.

In order to avoid infections, it is advantageous for the medical articles to be
treated with antimicrobially active agents. High demands are placed on the biocidai
treatment of the medical articles, because the articles will contact body tissues ana
body fluids. For example, catheters, which are inserted through the skin surface
into arteries and veins, but also wound or thoracic drainage tubes, are frequent
sources of infection. In particular, in patients requiring indwelling urinary cathe-
ters, there is a risk of urinary tract infections, which can lead to bacterial or chronic

pyelonephritis.

In the medical field, the central venous catheters, in particular, play an increasing
role in medical treatments and surgical operations. Central venous catheters are
employed more and more often within the scope of intensive care medicine, but
also in applications, for example, in bone marrow and organ transplantations,

hemodialysis or cardiothoracic surgery.

A similar infection risk exists in all devices that connect the catheters with, for
example, infusion containers outside the body, for example, connecting pieces, 1

pieces, couplings, filters, conduit systems, valves, syringes and multi-way stop-
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cocks. For the purposes of this description and the claims, all these objects are

referred to as "medical articles”.

However, for the medical articles, especially the catheters, not only the high
demands placed on a smooth surface, for example, for avoiding or reducing

platelet aggregation and biofilm formation, and on the biocidal treatment, which
are supposed to prevent the growth of microbes on the surface or even kill the

microbes altogether, must be ensured, but it must also be ensured that the
biocidal treatment of the medical objects does not adversely affect the material
properties of the medical articles. In addition, it must be ensured that the medical
articles, especially if contacted with fluid, exhibit a high biocidal effectiveness on
the one hand, but are not released into the fluid on the other, in order to avoid
enrichment of the biocidally active substances in the body. The release of a
biocidally active substance from a medical article upon fluid contact is also referred

to as "leaching”.

From EP 0 229 862, medical articles made of polyurethane on the surface of which
an antimicrobial agent is applied are known. From EP 0 379 269, medical articles,
especially tubing, formed from a thermoplastic polymer are known that contain
chiorhexidine as an antimicrobially active agent. These articles are prepared by
first providing a mixture of chlorhexidine and plastic pellets of a thermoplastic
polymer, which is processed into a melt in which the chlorhexidine is uniformly
distributed, the melt being extruded through a die to form the medical article.

However, the use of biguanide-based biocidal agents, such as chlorhexidine or
polyhexamethylene biguanide, is not always satisfactory. In particular, there is a
need for improvement in view of the smoothness of the surface of the medical

articles and in view of the reduction or control of the leaching effect.

WO 2009/009814 A2 discloses a polymeric dental material comprising a silicate
filler modified with a polymeric guanidine derivative based on an alkylene diamine
and/or oxyalkylene diamine. The polymeric guanidine derivative poly[2-(2-
ethoxyethoxyethyl)guanidinium hydrochloride] is explicitly disclosed, but did not
vield satisfactory results in terms of antimicrobial effectiveness and in terms of
biocompatibility for applications of class 3 medical products having direct contact

with the blood circulation.
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In addition, it is the object of the present invention to provide medical articles that
have been treated with novel biocidally active substances and are highly effective
even in view of the development of resistances of the bacterial strains towards

conventional antimicrobial agents.

High demands are placed on biocidally active substances intended for the prepara-
tion of medical articles. On the one hand, the biocidally active substances must
sufficiently soften under the conditions of the processing technology, namely
thermoplastic shaping, such as extrusion or injection molding, and at the tempera-
tures and pressures prevailing therein, must not decompose, and in addition must

be compatible with the remaining plastic components of the medical article.

Especially for medical articles being in direct contact with the blood circulation,
high demands are additionally placed on biocompatibility, wherein factors such as
cytotoxicity, hemolysis or allergic reactions are important. In addition, it is to be
avoided that the biocidally active substances are released into the blood while the

medical article is provided with a high antimicrobial effectiveness.

The object of the present invention is achieved by the use of novel polymeric or

oligomeric active in'gredients as additives to materials for medical articles.

Therefore, the present invention felates to the use of a polymeric or oligomeric
active ingredient having biocidal activity that is obtainable by the polycondensation
of a guanidine acid addition salt with a mixture of amines containing at least one
diamine and/or triamine, wherein at least one amine is selected from the group

consisting of
i} a diamine having at least one cycloaliphatic residue; and
i) dialkylene triamine

as an additive in a composition for medical articles,
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According to one aspect of the present invention, there is provided use of a
polymeric or oligomeric active ingredient having biocidal activity that is obtained by
the polycondensation of a guanidine acid addition salt with a mixture of amines
5 containing at least one diamine and/or triamine, wherein at least one amine is

selected from the group consisting of
1) a diamine having at least one cycloaliphatic residue; and
i) dialkylene triamine
as an additive in a composition for medical articles.

10  According to another aspect of the invention, there is provided a process for

preparing a medical article, comprising the following steps:

a) combining and mixing a polymeric or oligomeric active ingredient

having biocidal activity that is obtained by the polycondensation of a

guanidine acid addition salt with a mixture of amines containing at

15 least one diamine and/or triamine, wherein at least one amine is se-

lected from the group consisting of
1) a diamine having at least one cycloaliphatic residue; and
It) dialkylene triamine

with at least one plastic material;

20 b) subjecting the mixture obtained under a) to one or more shaping

methods to form a medical article.
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According to another aspect of the invention, there is provided a medical article
comprising a polymeric or oligomeric active ingredient having biocidal activity that
is obtained by the polycondensation of a guanidine acid addition salt with a

mixture of amines containing at least one diamine and/or triamine, wherein at

least one amine is selected from the group consisting of

i) a diamine having at least one cycloaliphatic residue; and
i) dialkylene triamine,
and at least one plastic material.

It has been found that when the mentioned polymeric or oligomeric active ingredi-

ents are used in composition containing plastic materials, especially thermopiastic

polymers, wherein said plastic materials are employed for preparing medical
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articles, a very high smoothness of the surfaces of the plastic material can be

ensured, which may even exceed that of the plastic material without the added
polymeric or oligomeric active ingredients. In addition to the excellent biocidal
activity that the polymeric or oligomeric active ingredients provide the composi-
tions for the medical articles with, it has also been surprisingly found that the
polymeric or oligomeric active ingredients provide the compositions with a readily
controllable release property (leaching effect). The controllability ranges from no

release to release rates as high as several mg/m?/h.

In addition, it has been surprisingly found that the polymeric or oligomeric active
ingredients to be employed according to the invention have a good biocompatibili-
ty, exhibit a high antimicrobial effectiveness against a wide variety of germs, and
in addition exert only a slight influence on the thermoplastic polymers required for

preparing the medical articles in terms of strength, gloss and durability.

The polymeric or oligomeric active ingredients used according to the invention can
be in the form of both homopolymers and copolymers. It is advantageous if the
guanidine acid addition salt is guanidinium chloride (or guanidine hydrochloride).
However, other guanidine acid addition salts based on inorganic or organic acids

are also suitable, for example, the hydroxides, hydrogensulfates and acetates.

The polymeric or oligomeric active ingredients used according to the invention are
preferably in the form of their hydroxide salts. These can be obtained, for example,

by basic anion-exchange from the corresponding halides, for example, chlorides.

The polymeric or oligomeric active ingredients having biocidal activity are obtaina-
ble by the polycondensation of a guanidine acid addition salt with a mixture of
amines containing at least one diamine and/or triamine, wherein at least one

amine is selected from the group consisting of

i) a diamine having at least one cycloaliphatic residue; and

it) dialkylene triamine.
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The polymeric or oligomeric active ingredients obtainable by the polycondensation

preferably have a polyguanidine structure or, especially if dialkylene triamines, for

example, diethylene triamine, are used, a polyiminoimidazole structure.

In a preferred embodiment of the present invention, the mixture of amines
comprises component i) (diamine having at least one cycloaliphatic residue) and/or
component ii) (dialkylene triamine) in an amount of at least 10 mol-%, preferably
at least 25 mol-%, more preferably at least 45 mol-%, particularly at least 85 mol-
%, especially at least 95 mol-%, respectively based on the total mixture of

amines.

Preferably, the mixture of amines includes an alkylene diamine, more preferably a

compound of general formula

NH,(CH,),NH,

in which n represents an integer of from 2 to 10, preferably 4 or 6. Preferably
employed alkylene diamines have terminal amino groups. Hexamethylene diamine
(hexane 1,6-diamine) is particularly preferred. The alkylene diamine can be
employed in admixture with other diamines or triamines in the polycondensation

reaction, wherein at least one amine is selected from the group consisting of

i) a diamine having at least one cycloaliphatic residue; and

i) dialkylene triamine,

preferably selected from the group consisting of 4,4'-methylenebis(cyclohexyl-

amine) and/or diethylene triamine to form copolymers.

Preferably, the mixture of amines may further include oxyalkylene diamines.

Suitable oxyalkylene diamines include, in particular, those oxyalkylene diamines
that have terminal amino groups, in particular. A preferred oxyalkylene diamine IS

a compound of general formula

NH>[(CH3)20)1,(CH2)2NH;
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in which n represents an integer from 2 to 6, preferably from 2 to 5, more prefera-

bly from 2 to 4, especially 2. Polyoxyethylene diamines, especially triethylene
glycol diamine, are preferred. Polyoxypropylene diamines, especially di- or

tripropylene glycol diamine, can be more preferably employed.

In a preferred embodiment, the polymeric or oligomeric active ingredient is in the
form of a homopolymer. In such cases, the mixture of amines consists of a

diamine having at least one cycloaliphatic residue, or of a dialkylene triamine.

In a further preferred embodiment, the mixture of amines consists of the triamine
diethylene triamine. In this variant, the polymeric or oligomeric active ingredient Is

thus in the form of a homopolymer, for example, poly(iminoimidazole).

In another preferred embodiment, the mixture of amines consists of the diamine
4,4'-methylenebis(cyclohexylamine). Polycondensation with a gquanidine acid
addition salt yields the homopolymer poly(4,4'-methylenebis(cyclohexylamine

hydrochloride), for exampie.

More preferably, said polymeric or oligomeric active ingredients are obtainable by
the polycondensation of a guanidine acid addition salt with a mixture of amines
containing at least one diamine having at least one cycloaliphatic residue. Di-
amines having at least one cycloaliphatic residue include, for example, cycloali-
phatic diamines, for example, cyclohexanediamine, cyclopentanediamine and
derivatives thereof. Those diamines in which at least one NH, group is directly
bonded to the cycloaliphatic residue are particularly preferred. Those diamines In
which both NH, groups are respectively bonded directly to one and the same
cycloaliphatic residue or to different cycloaliphatic residues are particularly
preferred. In a particular embodiment, the mixture of amines comprises 4,4'-

methylenebis(cyclohexylamine).

In another preferred embodiment of the present invention, the mixture of amines
comprises at least one dialkylene triamine. The dialkylene triamines may have
alkylene residues of different chain lengths. However, dialkylene triamines in which
the alkylene groups have the same length are preferred. Preferred alkylene

residues include ethylene, propylene and butylene as well as hexylene. In a
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particularly preferred embodiment, the mixture of amines comprises the triamine

diethylene triamine.

In another preferred embodiment, the polymeric or oligomeric active ingredients
used according to the invention are in the form of copolymers. These may be
either random or block copolymers. In the case of copolymers, the mixture of
amines contains at least two different amines. The mixture of amines contains a

first component and at least one second component, wherein

a) the first component is a diamine or triamine selected from the group

consisting of
i) a diamine having at least one cycloaliphatic residue; and
i) dialkylene triamine, and wherein

b) the second component is a diamine or triamine selected from the group

consisting of
i) @ diamine having at least one cycloaliphatic residue;
ii) dialkylene triamine;
iii) alkylene diamine; and
iv) oxyalkylene diamine; and
wherein the first component is different from the second component.

Those in which the first component is 4,4'-methylenebis(cyclohexylamine) and the
second component is selected from diethylene tri'amine, hexamethylene diamine
and triethylene glycol diamine have proven to be particularly suitable copolymeric

or cooligomeric active ingredients.

In another preferred embodiment, the copolymeric guanidine derivative contains

diethylene triamine as the first component, and the second component is selected
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from the group consisting of hexamethylene diamine and triethylene glycol

diamine.

Especially with respect to the biocidal activity and the leaching behavior in the
incorporation of the polymeric or oligomeric active ingredients into plastic mate-
rials, especially thermoplastic polymers, which are then processed into medical
articles, those copolymeric guanidine derivatives in which at least one component
is an alkylene diamine, especially hexamethylene diamine, have proven particularly
suitable. Polymeric or oligomeric active ingredients obtainable by the polyconden-
sation of a guanidine acid addition salt with a mixture of amines in which the first
component is diethylene triamine and/or 4,4'-methylenebis(cyclohexylamine) and

the second component is hexamethylene diamine are particularly preferred.

Mixtures of amines comprising diethylene triamine and hexamethylene diamine are
particularly preferred. The active ingredients obtained therefrom not only exhibit
excellent antibacterial properties, but are additionally biocompatible, which makes
these active ingredients particularly suitable for medical articles being in direct

contact with the blood circulation.

In another embodiment, the first component may be diamine having at least one
cycloaliphatic residue and/or a dialkylene triamine, and the second component

may be an oxyalkylene diamine, especially triethylene glycol diamine.

In the preparation of copolymers, the mixing ratio of the amines to be employed
can be widely varied. However, those copolymeric or cooligomeric active ingre-
dients are preferred in which the monomers of the mixture of amines, i.e., the first
component and the second component, are in a molar ratio of from 4:1 to 1:4,

preferably from 2:1 to 1:2.

The polymeric or oligomeric active ingredients to be employed according to the
invention preferably have an average molecular weight (weight average) within a

range of from 500 to 7000, especially from 1000 to 5000, daltons.

The polymeric or oligomeric active ingredients used according to the invention all

have an antibacterial activity that can be described by means of the so-called
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"minimum inhibition concentration”. This represents the lowest concentration of

the bactericide that inhibits the growth of bacteria in a particular solution. A
minimum inhibition concentration of less than 50 pg/ml is particularly favorable.
Preferably, the polymeric or oligomeric active ingredients to be used according to
the invention have a minimum inhibition concentration of less than 10 uyg/ml,
especially less than 5 pg/ml. The lower this concentration, the more effectively can
the corresponding polymeric or oligomeric active ingredient be employed as a

biocide.

In a preferred embodiment, the polymeric or oligomeric active ingredients to be
employed according to the invention have a minimum inhibition concentration of
50 pg/ml or less, preferably 30 pg/ml or less, more preferably 10 ug/ml or less,

especially 5 yg/mil or less.

The polymeric or oligomeric active ingredients to be employed according to the
invention can be prepared relatively simply. The polycondensation can be effected
by mixing one equivalent of an acid addition salt with one equivalent of the
mixture of amines, followed by heating, preferably within a range of from 140 to
180 °C, and stirring the melt at elevated temperatures, preferably within a range
of from 140 to 180 °C, until the evolution of gas is complete. The polycondensation
is usually effected within a period of several hours, during which the melt is
preferably stirred in a temperature range of 140 to 180 °C. A preferred reaction

time is from 1 to 15 hours, preferably from 5 to 10 hours.

The process slightly varies depending on the desired final product; for example, for
preparing the homopolymer based on 4,4'-methylenebis(cyclohexylamine), it is
favorable if the reaction temperature is 170 °C. In contrast, the homopolymer
prepared on the basis of diethylene triamine may be obtained at 150 °C. The
preparation of the copolymeric active ingredients to be employed according to the

invention is in turn preferably effected within a temperature range of about 170 °C.

In addition, it has been surprisingly found that cyclic structures, for example,
iminoimidazole structures, may be formed within the polymer units, for example,

in the condensation of triamines, so that the active ingredients to be employed
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according to the invention may be not only polymeric or oligomeric guanidine

derivatives, but also polymeric or oligomeric iminoimidazole derivatives.

In particular, it is advantageous if the polymeric or oligomeric active ingredient has

a structure selected from the group comprising
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wherein

HCI* means that the HCl is not covalently bonded,
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n is a natural number, preferably from 1 to 20, more preferably from 2 to 16,

especially from 3 to 8,

p, q and r are integers defining the preferred molar ratio of the structural frag-

ments in the formulas.

In a preferred embodiment of the present invention, the polymeric or oligomeric
active ingredients are obtainable by the polycondensation of a guanidine acid
addition salt with a mixture of amines containing at least one diamine and/or

triamine, wherein at least one amine is selected from the group consisting of
i) a diamine having at least one cycloaliphatic residue; and
1) dialkylene triamine,

and wherein the mixture of the guanidine acid addition salt and the mixture of
amines is heated to a temperature above 140 °C, preferably within a range of from
150 to 170 °C, and the reaction mixture is maintained at this temperature for at

least one hour, preferably at least 5 hours.

According to the invention, the polymeric or oligomeric active ingredients are
employed as additives in compositions for medical articles. Depending on the
biocidal effectiveness of the polymeric or oligomeric active ingredients and the type
and structure of the medical article, the compositions for the medical article may
contain the polymeric or oligomeric active ingredient in an amount of at most
10.0% by weight, especially from 0.01 to 5% by weight, and especially in an
amount of from 1.0 to 4.0% by weight, respectively based on the composition for

the medical article, in a preferred embodiment.

A particular advantage of the polymeric or oligomeric active ingredients to be
employed according to the invention is their capability of being incorporated in
plastic materials, especially thermoplastic polymers, which often form the essential
component of compositions for medical articles. Surprisingly, it has been found
that not only can the polymeric or oligomeric active ingredients be incorporated in
plastic materials, especially thermoplastic polymer compositions, without a

problem, but in addition, the mechanical properties, such as the tensile strength or
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bending resistance, are not substantially affected thereby. In addition, it has

surprisingly been found that the use of the polymeric or oligomeric active Iingre-
dients in compositions comprising plastic materials, especially thermoplastic
polymers, for medical articles results in extremely smooth surfaces during the
processing, and in addition exhibits a controllable leaching effect. Thus, the
biocidal polymeric or oligomeric active ingredients can be processed in such a way
that they are not leached out of the polymer blend by liquids such as water or
ethanol, which is important, for example, for medical articles such as catheters. On
the other hand, a controlled release may also be desirable, for example, in wound
dressings. The compositions treated with the polymeric or oligomeric active
ingredients, especially compositions comprising thermoplastic polymers for medical
articles, have an excellent antimicrobial effectiveness, even though they do not

exhibit a leaching effect, as with the catheter applications.

In a preferred embodiment, the composition for medical articles further includes
plastic materials, especially thermoplastic polymers, especially those selected from
polyurethane, polyolefin, polyvinyl chloride, polycarbonate, polystyrene, polyether-
sulfone, silicone and polyamide. More preferably, the compositions for medical

articles include polyurethane, polyethylene or polypropylene.

In a particularly preferred embodiment, the oligomeric or polymeric active ingre-
dient may also be covalently bonded to the thermoplastic polymer. In one embo-
diment, at least 50% by weight, preferably at least 75% by weight and especially

at least 95% by weight of the oligomeric or polymeric active ingredients are

covalently bonded to the thermoplast in the compositions for medical articles.

In addition, the compositions for medical articles may contain further usual
additives. These include, in particular, fillers that are inert under physiological
conditions. Barium sulfate is particularly suitable. For example, a suitable Ba50,
can be purchased from the company Sachtleben Chemie GmbH under the trade
name Blancfix®. The fillers are preferably contained in an amount of from 10 to
35% by weight, based on the total mixture, in the compositions for medical

articles. Advantageously, the fillers have an average particle size of from 0.01 pm

to 10 um.
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However, in a preferred embodiment of the present invention, the composition Is

substantially free of silicate fillers, because these could adversely affect the surface

smoothness and the ieaching effect.

According to the present invention, "substantially free” means that the silicate
fillers may be present in an amount below 1% by weight, preferably below 0.5%
by weight, more preferably below 0.01% by weight, and especially free from any
silicate fillers, the weight percentages being based on the total weight of the

composition for the preparation of the medical article.

In particular, medical articles within the meaning of the present invention are
selected from the group consisting of central venous catheters; peripheral venous
catheters; breathing tubes, stents; products for application in regional anesthesia,
especially catheters, couplings, filters; products for infusion therapy, especially
containers, ports, conduit systems, filters; accessories, such as connectors, spikes,
valves, three-way stopcocks, syringes, conduits, injection ports; products of
formulation, especially transfer sets, mixing sets; urological products, especially
catheters, urine measuring and collecting devices; wound drains; wound dressing;
surgical suture materials; implantation auxiliaries as well as implants, especially
plastic implants, for example, hernia meshes, non-wovens, knitwear/knitted
fabrics, ports, port catheters, vascular prostheses; disinfectants; disposable
surgical instruments; thoracic drains; probes; catheters; housings of medical
devices, especially infusion pumps, dialysis devices and screens, artificial dentures;

containers for liquids, especially contact lens containers.

Medical articles according to the present invention also include accessory parts for
medical products, such as injection-molded parts and other molded parts. The use
of the polymeric or oligomeric active ingredients as additives in coatings for

surgical suture material is of particular importance.

A preferred medical article according to the present invention is a wound dressing.

Particularly preferred medical articles include tubular medical articles. Such articles

have at least one tubular component.



10

15

20

25

CA 02780286 2012-05-08

- 14 -
Tubular medical articles within the meaning of the present invention are those

medical articles that can conduct fluids. In particular, the medical articles are

selected from the group consisting of catheters, central venous catheters, peri-

pheral venous catheters, breathing tubes, stents, couplings, ports, conduit
systems, connectors, spikes, valves, three-way stopcocks, syringes, conduits,

injection ports, wound drains, thoracic drains and probes.

Particularly preferred medical articles include catheters, especially those prepared
by the extrusion of compositions including polyurethane and/or polyethylene

and/or polyamide.

A particularly suitable polyamide is obtainable under the trade name Pebax®

(Arkema). It is a polyamide that includes polyether blocks.

Because of their excellent antimicrobial activity, the polymeric or oligomeric active
ingredients are also suitable as additives for cleaning agents or disinfectants,

especially hand disinfectants.

The present invention further relates to a process for preparing a medical article,

preferably a tubular medical article, comprising the following steps:

a) combining and mixing a polymeric or oligomeric active ingredient
having biocidal activity that is obtainable by the polycondensation of

a guanidine acid addition salt with a mixture of amines containing at

least one diamine and/or triamine, wherein at least one amine 1S se-

lected from the group consisting of

i) a diamine having at least one cycloaliphatic residue; and
ii) dialkylene triamine
with at least one plastic material, preferably a thermoplastic polymer;

b) subjecting the mixture obtained under a) to one or more shaping
methods to form a medical article, preferably a tubular medical ar-

ticle.
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Preferred polymeric or oligomeric active ingredients and preferred plastic materials

are those mentioned above.

The mixing in step a) is preferably effected by melt-kneading. The polymeric
guanidine derivative may be added as an aqueous solution to the molten plastic
5  material, followed by mixing in an extruder. Preferably, the melt-kneading Iis

performed at temperatures above 100 °C, more preferably above 150 °C.

Preferably, the polymeric or oligomeric active ingredient is subjected to the
shaping method in step b) as pellets or as a master batch. The production of
pellets can be effected by processes familiar to those skilled in the art of plastics
10 technology. Preferably, the master batch is in the form of pellets containing the
polymeric or oligomeric active ingredient in a concentration higher than the final
concentration desired for the medical article. Therefore, when a master batch is

employed, it is further diluted to the desired final concentration by further adding

plastic material.

15 The shaping method employed in step b) of the process according to the invention

is preferably an extrusion method. The latter can be used to prepare, for example,

tubular components of the catheter.

The shaping methods are preferably performed at temperatures above the melting
point of the mixture prepared in step a), more preferably in a temperature range

20 above 160 °C, even more preferably in a range of 180 to 260 °C.

As the result, a material with antimicrobial properties is obtained in which the
additive (polymeric or oligomeric active ingredient) is physically admixed, or may

optionally be chemically bonded to the respective plastic material.

The present invention further relates to a medical article comprising a polymeric or
25 oligomeric active ingredient having biocidal activity that is obtainable by the
polycondensation of a guanidine acid addition salt with a mixture of amines

containing at least one diamine and/or triamine, wherein at least one amine is

selected from the group consisting of
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i) @ diamine having at least one cycloaliphatic residue; and

1) dialkylene triamine,

and at least one plastic material, preferably a thermoplastic polymer.

Preferred polymeric or oligomeric active ingredients and preferred plastic materials

are those mentioned above.

The thermoplastic polymer to be employed in the medical article according to the
invention and in the process according to the invention is preferably a thermoplas-
tic polyurethane. Polyurethanes obtainable from a combination of 4,4'-
diphenylmethane diisocyanate (MDI) and a polyester- or polyether-based polyol
have proven particularly suitable. Advantageously, the polyol includes a polytetra-
methylene glycol ether. Other suitable thermoplastic polymers that are preferably
used in compositions for the medical articles according to the invention are
selected, for example, from polyurethane, polyolefin, polyvinyl chloride, polycarbo-
nate, polystyrene, polyethersulfone, silicone and polyamide. More preferably, the
compositions for medical articles include polyurethane or polyethylene or polypro-

pylene or polyamide.

Preferred medical articles are those mentioned above. Particularly preferred

medical articles are wound dressings and catheters.

Further features, details and advantages of the invention can be seen from the

wording of the claims and from the following description of Examples.

Example 1 - Synthesis of poly(4,4'-methylenebis(cyclohexylamine)guanidine

hydrochloride) (PMBCG)

In an argon countercurrent, 1 equivalent (8.12 g, 85 mmol) of guanidine hydroch-
loride is added to a 100 ml three-necked flask that had been baked out three
times.  Subsequently, 1 equivalent (17.88g, 85mmol) of 4,4

methylenebis(cyclohexylamine) was added in a glove box.
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The flask is equipped with an internal thermometer and a reflux condenser with a

non-return valve according to Stutz (referred to as Stutz condenser in the follow-

ing) that had been baked out three times.

The reaction mixture is heated in an oil bath, a slow evolution of gas starting from

a temperature of 100 °C. When the temperature is increased further, the gas

evolution only slowly becomes stronger. After a total of 85 minutes, a temperature
of 170 °C is reached.

This temperature is maintained for nine hours until the evolution of gas is complete

according to visual inspection.

Under ice cooling and in an oil-pump vacuum, the melt is cooled down to room

temperature.

Under the conditions mentioned above, the starting amounts employed vyield

24.48 g of a transparent, colorless and brittle solid.

The structure of the polymer obtained can be shown according to formula (I).

+ —
NH,Cl
Ry J‘I\ H
‘ R
N N
I1

where n = 1 to 8, predominantly 1 to 3.

(1)

The residues R1 and R2 may be derived from either the monomer employed or the

guanidine hydrochloride employed, and they are therefore defined as follows:

R1 is selected from H or
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The mixture of products obtained thus contains polymeric compounds correspond-
ing to formulas (II), (III) and (IV):

+ -
NH.CI

(11)
£ NH,CI —‘ j’ﬁ:‘
! ' 1y
(I11)
{ NH,C |
H, )k 22 NH,
- OO0
_ -1 (IV)

wherein n is defined as in formula (I).

Example 2 - Synthesis of a homopolymer based on_diethylene triamine
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In a 100 ml three-necked flask with an internal thermometer, Stutz condenser and

suction piece with cock that had been baked out three times and filled with argon,
1 equivalent (8.12 g, 85 mmol) of guanidine hydrochloride and 1 equivalent

(8.77 g, 85 mmol) of diethylene triamine are heated to a temperature of 150 °C

within 50 minutes by means of an oil bath.

From the time when a temperature of 95 °C is reached, an evolution of gas can be

observed, which rapidly increases when the temperature is increased further.

The melt is maintained at 150 °C for five hours with stirring until the evolution of

gas is complete.

Under ice cooling and in an oil-pump vacuum, the melt is cooled down to room

temperature.

Under the conditions mentioned above, the starting amounts employed yield
11.96 g of a white and brittle solid.

Surprisingly, the repeating monomer unit of the polymeric active ingredient

obtained shows the cyclic structure according to formula (V):

N R4

|
R3 ¢z /k

C —C —N NH

\__/

o (V)

where n = 1 to 12, predominantly 2 to 8.

+ —
NH, CI~

R3 is either NH, or HzN—-”— 7

‘~ ZI
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NH
H, )L
—C —C——N NH
H2 H2 Hz Hz HZ
. —C ——C —NH—C ~——C —NH \ /
R4 is selected from 2 or

Thus, the product mixture obtained contains polymeric compounds corresponding
to formulas (VI), (VII) and (VIII):

Hy Hp Ho Hs
N C —C —NH—C —C —NH,
H, H, /k
H,N ¢ —(C ——N NH
n |
(VD)
NH
H, /k
N C ~—C——N NH
i Hz \____/
H, H. /k
n
(VID
NH
H )k

N C —C—N NH
+ _ 2
NH,, CI I \ /
” H» H

H-N NH C —{ —N NH
. (VIID).

It is conceivable that about 90% of the rings in formulas (VI), (VII) and (VIII)
carry a positive charge. It is also conceivable that the positive charge is not
localized on one of the nitrogen atoms in the ring, but is rather delocalized. Thus,

an alternative form of representing formula (VIII) is the following formula (VIII'):
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B 1 HCI*
O
NH
I W\]{\LY q
N N
H H >
P E9 v,

Formulas (I) to (IV) of Exampie 2 also can be represented analogously, wherein
the positive charge is distributed to all three nitrogen atoms of the guanidine unit

In a tautomeric way.

Example 3 - Synthesis of guanidine copolymers

In a reaction flask prepared in accordance with the above described Examples, 1
equivalent (8.12 g, 85 mmol) of guanidine hydrochloride and 1 equivalent of the
comonomers, which are present in a mixing ratio according to Table 1, are

commonly heated to a temperature of 170 °C within 30 minutes by means of an oil
bath.

The melt is maintained at this temperature for five hours with stirring. Under ice

cooling and in an oil-pump vacuum, the melt is cooled down to room temperature.

Table 1: Mixing ratios of the di- and triamines employed in the amine mixture for

preparing guanidine copolymers (eq = equivalent)

| Amount of Amount of
No. | Monomer 1 Monomer 2 monomer 1 monomer 2
employed | employed
, . 14.30 g 2.21 g
Cl 44 —Imhethyllerr:_a:ls- diethylene triamine 68 mmol 17 mmol
(cyclohexylamine) | 0.80 egq 0.2 eq
, - 13.41 g 2.77 @
C2 4,4 lmhethyllem_ebls diethylene triamine 63.75 mmol | 21.25 mmol
(cyclohexylamine) 0.75 eq 0.25 eq
, - 11.92 g 3.69 g
C3 4,4 Imhethy|len¢b|s diethylene triamine 56.67 mmol | 28.33 mmol
(cyclohexylamine) 0.67 eq 0.33 eq
, - 8.94 @ 5.53 ¢
C4 4,4 Imhethylle;?:éi diethylene triamine 42.50 mmol | 42.50 mmol
(cyclohexyla 0.50 eq 0.50 eq
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, - 3.58 g 7.90 g
C5 ?é4cl?he;:yllae:1?r?5 hexamethylene diamine 17.00 mmol | 68.00 mmol
Y Y 0.20 eq 0.80 eq
, - 4.47 @ /.41 g
C6 ?éd'd?he;;‘yllae:ﬁgg hexamethyliene diamine 21.25 mmol | 63.75 mmol
Y Y 0.25 eq 0.75 eq
, - 5.96 @ 6.59 g
C7 ?c'4c|<r>nhe;:y||ae:ﬁr?5 hexamethylene diamine 28.33 mmol | 56.67 mmol
Y Y i 0.33 eq 0.67 eq
. . 8.94 g 4.94 g
C8 ?jd;nhe;:yl:?ﬁ:és) hexamethylene diamine 42.50 mmol | 42.50 mmol
Y Y 0.50 eq 0.50 eq
, - 11.92 ¢ 3.29¢
o ?é“dg"he;:yl'aer’;?:f) hexamethylene diamine | 56.67 mmol | 28.33 mmol
Y Y 0.67 eq 0.33 eq
, . 13.41 @ 2.47 g
C10 ?é4c|gnhe;:y||aer?ﬁr?és) hexamethylene diamine 63.75 mmol | 21.25 mmol
Y Y 0.75 eq 0.25 eq
, - 14.30 g 1.98 g
C11 ?é4c|?he;:y|lae:ﬁr?és) hexamethyliene diamine 68.00 mmol | 17.00 mmol
Y Y 0.80 eq 0.20 eg
, - 13.41 @ 3.15¢
Cl2 ?éd'd?he;:y::%?:és) triethylene glycol diamine 63.75 mmol | 21.25 mmol
Y y 0.75 ed | 0.25 eqg
, - 11.92 g 4.20 g
C13 ?é4d21he;:yllae%?r?5 triethylene glycol diamine 56.67 mmol | 28.33 mmol
Y Y 0.67 eq 0.33 eq
, - 8.94 g 6.30 g
Cl4 ?é4cl?heet:yllae;?r?:as) triethylene glycol diamine 42.50 mmol | 42.50 mmol
Y Y 0.50 eq 0.50 eq
, - 5.96 @ 8.40 g
C15 ?é4cl?heg:y|lae:1?::) triethylene glycol diamine 28.33 mmol | 56.67 mmol
Y Y 0.33 eq 0.67 eq
, - 4.47 @ 9.45 g
C16 ?é4dgﬂ'he;:y||::_§::) triethylene glycol diamine 21.25 mmol | 63.75 mmol
Y Y 0.25 eq 0.75 eq
1.75¢g 7.90 g
Cl7 | diethylene triamine hexamethylene diamine 17.00 mmoil | 68.00 mmol
0.20 eqg 0.80 eq
2.19 g 7.41 g
C18 | diethylene triamine hexamethylene diamine 21.25 mmol | 63.75 mmol
0.25 eg 0.75 eqg
3.69 g 6.59 g
C19 | diethylene triamine hexamethylene diamine 28.33 mmol | 56.67 mmol
0.33 eq 0.67 eq
5.53 ¢ 4.94 @
C20 | diethylene triamine hexamethylene diamine 42.50 mmol | 42.50 mmol
0.50 eq 0.50 eq
8.30 g 3.15¢
C21 | diethylene triamine triethylene glycol diamine 63.75 mmol | 21.35 mmol
0.75 eq 0.25 eq
7.38 g 4.20 g
C22 | diethylene triamine triethylene glycol diamine 56.67 mmol | 28.33 mmol
0.6/ eqg 0.33 eq
. . . . 5.53 ¢ 6.30 g
C23 | diethylene triamine triethylene glycol diamine 42 50 mmol | 42.50 mmol
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0.50 eg 0.50 eq

Example 4 - Determination_of the minimum inhibition concentration of the poly-

meric guanidine derivatives used according to the invention

For testing the biocidal activity of the polymeric guanidine derivatives used
according to the invention, the compounds prepared in accordance with one of the
previous Examples are added to a bacterial nutrient medium, preferably tryptic soy

broth, and diluted to different concentrations.

These solutions of different concentrations are inoculated with a suspension of

Escherichia coli and incubated at 37 °C for 24 hours.

The "minimum inhibition concentration” (MIC) is the lowest concentration of the
biocide to be tested in the solution that still inhibits the growth of the bacteria. In
the corresponding solution, turbidity from the growth of the bacteria cannot be

observed.

For the homopolymers prepared in Example 1 and Example 2, corresponding to
formula (I) and formula (V), and for the copolymers obtained from the comonomer
mixtures C1 to C23 mentioned in Example 3, the minimum inhibition concentra-

tions (MICs) as shown in Table 2 are obtained.
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qguanidine derivatives used according to the invention (MIC = minimum inhibition

concentration).

Compound MIC _[pg/ml] Compound MIC [ug/ml]
Control polymer 5 ' Cl1 9.75
corresponding to 5 C12 5.5

formula (I)
corresponding to >250 C13 8.5

formula (V)

C1 7.5 C14 10
C2 22.5 Ci15 10
C3 25 C16 10
C4 50 C17 3

C5 1.5 C18 10
C6 4.7 C19 10
C7 4.25 C20 40
C8 2.5 C21 >50
C9 3.5 C22 >50
C10 2.5 C23 >50

A control polymer whose biocidal activity is known and whose minimum inhibition

concentration is usually 5 yg/ml was employed as a control.

It is seen that all the polymeric guanidine derivatives used according to the
invention, especially the copolymers used according to the invention, have a
biocidal effect. In particular, copolymers having hexamethylene diamine as the

second monomer show a minimum inhibition concentration that is even below

5 ug/mil:
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low minimum inhibition concentration (MIC).

(MBC = 4,4’-methylenebis(cyclohexylamine),

HMD = hexamethylene diamine, DETA = diethylene triamine).

Copolymer { Monomer | Monomer | Mixing ratio Reaction
1 2 conditions
C5 MBC HMD 1:4 Sh, 170°C 1.5
C6 MBC HMD 1:3 5h, 170°C 4.7
C7 MBC HMD 1:2 5h, 170°C 4.25
C8 MBC HMD 1:1 5h, 170°C 2.5
C9 MBC HMD 2:1 5h, 170°C 3.5
C10 MBC HMD 3:1 5h, 170°C 2.5
C17 DETA HMD 1:4 5h, 170°C 3

In the polymeric or oligomeric active ingredients having a biocidal activity, used
according to the invention, wherein the active ingredient is a product of a polycon-
densation of a guanidine acid addition salt with a mixture of amines that contains
at least one diamine and/or triamine, it is seen that it is particularly favorable if at
least one amine is selected from 4,4'-methylenebis(cyclohexylamine) and diethy-
lene triamine. Conveniently, the guanidine acid addition salt is guanidine hydroch-

loride.

It is further seen that the polymeric or oligomeric active ingredient can be a
homopolymer. In this case, it is favorable if the mixture of amines consists of the

triamine diethylene triamine, or if the mixture of amines consists of the diamine

4,4'-methylenebis(cyclohexylamine).

It is also seen that the mixture of amines can contain a first component and at
least one second component, wherein the first component is a diamine or triamine
selected from the group of 4,4'-methylenebis(cyclohexylamine), diethylene
triamine, and wherein the second component is a diamine or triamine selected
from the group of 4,4'-methylenebis(cyclohexylamine), diethylene triamine,
hexamethylene diamine, triethylene glycol diamine, and wherein the first compo-

nent is different from the second component.
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More preferably, the first component is 4,4'-methylenebis(cyclohexylamine), and

the second component is selected from diethylene triamine, hexamethylene
diamine, triethylene glycol diamine. It is also favorable if the first component is
diethylene triamine, and the second component is selected from hexamethylene

diamine and triethylene glycol diamine.

The first component and the second component are preferably in a mixing ratio of
4:1 to 1:4. The mixture of amines and the guanidine salt are preferably employed

in approximately equimolar amounts.

In the polymeric or oligomeric active ingredients used according to the invention,
wherein the active ingredient is a product of a polycondensation of a guanidine
acid addition salt with a mixture of amines that contains at least one diamine
and/or triamine, it is seen that it is particularly advantageous if they are prepared
by a process comprising the steps of providing about one equivalent of guanidine
hydrochloride, adding about one equivalent of a mixture of amines containing one
or two of the compounds of the group comprising a diamine having at least one
cycloaliphatic residue, and dialkylene triamine, heating at 150 to 1/0°C, and
stirring the melt at 150 to 170 °C until the evolution of gas is complete, but at

least for 5 hours.

Example 5 - General protocol for producing a polyurethane-based catheter tube

from TPU granules treated with the polymeric or oligomeric active ingredient to be

employed according to the invention

An aliphatic thermoplastic polyurethane (based on a polytetramethylene glycol
ether) is mixed with 10 to 35% by weight, based on the total mixture, of barium
sulfate having an average particle size of 0.01 um to 10 um and 0.5 to 10% by
weight of a polymeric or oligomeric active ingredient to be used according to the
invention, and the mixture was extruded. The extrusion was performed using

extruders as usual for catheter production, for example, the extruder Maillefer type
ED45-30D.

Example 6 - Production of a catheter tube




10

15

20

25

CA 02780286 2012-05-08

- 27 -
The thermoplastic polyurethane Pellethane® 2363-90A (Lubrizol Advanced Mate-

rials; U.S.A.) is mixed with 25% by weight barium sulfate having an average grain
size of 0.7 um and 3% by weight of the active ingredient C20, and the mixture
was extruded. The extrusion was performed using the extruder Maillefer type
ED4530D at temperatures above 160 °C.

Example 7 (Comparative Example)

A piece of catheter tube according to Example 6 is prepared, but without adding a
polyguanidine. The pieces of catheter tube prepared according to Examples 6 and
7 were examined by scanning electron micrographs. By optical microscopy, it could
already be detected that the pieces of catheter tube according to the invention had
a substantially smoother shape as compared to the pieces of catheter tube

according to Comparative Example 7.

In addition, the surface roughness R, [um] was measured. A surface roughness R;
of 2.91 um was detected for Comparative Example 7, and a surface roughness R,
of only 2.32 pm was detected for the inventive piece of catheter tube according to

Example 6.

Example 8 (Comparative Exampile)

A piece of catheter tube according to Example 6 is prepared, but poly[2-(2-
ethoxy)ethoxyethyl)guanidinium chloride] is employed in an amount of 3% by

weight instead of the polyguanidine to be employed according to the invention.

The pieces of catheter tube according to Example 6 (according to the invention)

and according to Comparative Example 8 were subjected to a proliferation test.

The proliferation test is based on the publication Nature Medicine, vol. 6, No. 8,
1053-1056; 2000. Thus, the pieces of catheter tube to be tested are contami-
nated with different germs, and then the germ growth is observed in comparison
with a sample that has not been antimicrobially treated. The time required by the
germ growth to reach a predefined value (0.2 onset OD) as compared to a sample

that has not been antimicrobially treated is measured. The longer the time, the
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higher is the antimicrobial effectiveness of the sample against the individual

germs.

Table 4 shows the results of the proliferation test using different germs.

Table 4

Germ Example 8 [h] Example 6 [h]
MRSA 21.0 48.0
Staphylococcus

epidermidis 35.5 48.0
Staphylococcus

aureus 26.8 48.0
Pseudomonas

aeruginosa 0.1 48.0
Enterococcus

faecalis 0.3 | 48.0
Klebsiella

pneumoniae 48.0

From the results in Table 4, it is clear that the pieces of catheter tube treated
according to the invention are significantly more efficient against MRSA, Staphylo-
coccus epidermidis, Staphylococcus aureus, Pseudomonas aeruginosa and

Enterococcus faecalis.
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CLAIMS:

Use of a polymeric or oligomeric active ingredient having biocidal activity
that is obtained by the polycondensation of a guanidine acid addition salt
with a mixture of amines containing at least one diamine and/or

triamine, wherein at least one amine is selected from the group

consisting of

1) a diamine having at least one cycloaliphatic residue; and

ii) dialkylene triamine
as an additive in a composition for medical articles.

The use according to claim 1, characterized in that said mixture of

amines comprises the diamine 4,4'-methylenebis(cyclohexylamine).

The use according to claim 1 or 2, characterized in that said mixture of

amines contains a first component and at least one second component,

wherein

a) the first component is a diamine or triamine selected from the group

consisting of
i) a diamine having at least one cycloaliphatic residue; and
ii) dialkylene triamine, and wherein

b) the second component is a diamine or triamine selected from the

group consisting of

i) a diamine having at least one cycloaliphatic residue;
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I1) dialkylene triamine;
i1) alkylene diamine; and
Iv) oxyalkylene diamine; and
wherein the first component is different from the second component.

The use according to any one of claims 1 to 3, characterized in that said

polymeric or oligomeric active ingredient is an iminoimidazole derivative.

The use according to any one of claims 1 to 4, characterized in that said

polymeric or oligomeric active ingredient has a structure selected from

the group comprising

5 HOCI
[\
HN. N-_/IT
Ir  NH \l( ..
‘L /LL /\/\/\JN A
TN~ N
‘H  H D
§ “n p=4q
- e T HCI*
| HN_ N ‘l
4 NH {\'N( a
N
N~ "N
tH H b |
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—\ HCI
HN_ N |

" x| HC[*
‘ ~ T
ﬁ
N ™

NH HN‘Y \/‘;ﬁ i 1]
3 H H ~ L
- P ~“n p=q=3r
wherein

HCI* means that the HCl is not covalently bonded,

n is a natural number,

D, g and r are integers defining the preferred molar ratio of the structural
fragments in the formulas.

The use according to claim 5, wherein the n in the polymeric or

oligomeric active ingredient structure is from 1 to 20.
The use according to claim 6, wherein n is from 2 to 16.

The use according to claim 7, wherein n is from 3 to 8.

The use according to any one of claims 1 to 8, characterized in that said

polymeric or oligomeric active ingredient has an average molecular

weight within a range of from 500 to 7000.
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10. The use according to claim 9, wherein said polymeric or oligomeric

active ingredient has an average molecular weight within a range of
from 1000 to 5000.

11. The use according to any one of claims 1 to 10, characterized in that

said polymeric guanidine derivative is present in an amount of at most

10.0% by weight, based on the composition for the medical article.

12. The use according to claim 11, wherein said polymeric gquanidine

derivative is present in an amount of from 0.01 to 5% by weight.

13. The use according to claim 12, wherein said polymeric guanidine

derivative is present in an amount of from 1.0 to 4.0% by weight.

14. The use according to any one of claims 1 to 13, characterized in that

said composition further includes at least one plastic material.

15. The use according to claim 14, wherein said at least one plastic material

is a thermoplastic polymer.

16. The use according to claim 15, wherein said thermoplastic polymer is
selected from the group consisting of polyurethane, polyolefin, polyvinyl

chloride, polycarbonate, polystyrene, polyethersulfone, silicone and

polyamide.

17. The use according to any one of claims 1 to 16, characterized in that
said medical article is selected from the group consisting of central
venous catheters; peripheral venous catheters; breathing tubes, stents;
products for application in regional anesthesia; products for infusion
therapy; accessories; products of formulation; wurological products;
wound drains; wound dressing; surgical suture materials; implantation

auxiliaries and implants; disinfectants; disposable surgical instruments;
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thoracic drains; probes; catheters; housings of medical devices; artificial

dentures; and containers for liquids.

The use according to claim 1/, wherein said products for application in

regional anesthesia are at least one of catheters, couplings and filters.

The use according to claim 17, wherein said products for infusion

therapy are at least one of containers, ports, conduit systems and filters.

The use according to claim 17, wherein said accessories are at lease
one of connectors, spikes, valves, three-way stopcocks, syringes,

conduits and injection ports.

The use according to claim 17, wherein products of formulation are at

least one of transfer sets and mixing sets.

The use according to claim 17, wherein the urological products are at

least one of catheters, urine measuring and collecting devices.

The use according to claim 17, wherein the implantation auxiliaries and

implants are plastic implants.

The use according to claim 23, wherein the plastic implants are at least
one of hernia meshes, non-wovens, knitwear/knitted fabrics, ports, port

catheters, and vascular prostheses.

The use according to claim 17, wherein the housings of medical devices

are at least one of infusion pumps, dialysis devices and screens.

The use according to claim 17, wherein the containers for liquids, at

least one of contact lens containers, cleaning agents and disinfectants.

A process for preparing a medical article, comprising the following steps:
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a) combining and mixing a polymeric or oligomeric active ingredient
having biocidal activity that is obtained by the polycondensation
of a guanidine acid addition salt with a mixture of amines
containing at least one diamine and/or triamine, wherein at least

one amine is selected from the group consisting of
1) a diamine having at least one cycloaliphatic residue; and
i) dialkylene triamine

with at least one plastic material;

b) subjecting the mixture obtained under a) to one or more shaping

methods to form a medical article.

The process according to claim 27, wherein the at least one plastic

material is a thermoplastic polymer.

The process according to claim 27 or 28, characterized in that said
polymeric or oligomeric active ingredient is subjected to the shaping

method in step b) as pellets or as a master batch.

The process according to any one of claims 27 to 29, characterized In

that said mixing in step a) is performed in an extruder.

The process according to any one of claims 27 to 30, characterized in

that said shaping method is an extrusion.

A medical article comprising a polymeric or oligomeric active ingredient
having biocidal activity that is obtained by the polycondensation of a
guanidine acid addition salt with a mixture of amines containing at least
one diamine and/or triamine, wherein at least one amine is selected

from the group consisting of



33.

34,

CA 2780286 2017-04-18
~-35-

1) @ diamine having at least one cycloaliphatic residue; and

i1) dialkylene triamine,

and at least one plastic material.

The medical article according to claim 32, characterized by being a

tubular medical article.

The medical article according to claim 33, wherein the tubular medical

article is a catheter.
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