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The most prominent character of a new type of antibacterial urological catheters is the zebra-stripe

pattern of a silver film, which is plated electroless on their interior wall and capped by a very thin

semipermeable layer of parylene. This design effectively controls the release rate of Agþ ions in

artificial urine, which has been measured as function of time with optical emission spectroscopy. By

evaluating the minimum inhibitory concentration against certain strains of bacteria with solutions of

AgNO3 of known concentration with the method of optical density and applying this analysis to the

silver-eluting catheters, it was shown that this moderation prolongs the period of their application sig-

nificantly. But to act as antibacterial agent in chlorine-containing solutions, as in urine, the presence

of urea is required to avoid precipitation of AgCl and to meet or even exceed the minimum inhibitory

concentration of Agþ. The quality of the silver depot layer was further determined by the deposition

rate and its morphology, which revealed that the film consisted of grains with a mean size of 150 nm.
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I. INTRODUCTION

Antibacterial coating has become very popular for

enhancing the quality of various implantations. The antibac-

terial effect is often caused by different chemical reactions.

Among them, the mild change of pH and redox reactions are

the most prominent tracks. For example, one of the acid-

producing oxides, i.e., MoO3, yields H2MoO4, which, to a

small extent, dissolves in water and locally generates a very

weak acid, which is strong enough to show a bacteriostatic

effect against a large variety of bacteria. Redox reactions

make use of the transfer of electrons on an atomic scale, e.g.,

Agþ þ e��Ag0. From the side of the coating, it is manda-

tory and inevitable that these films are consumed to exert

their antibacterial effects.

Silver can combat bacteria via several mechanisms (oli-

godynamic antibacterial effect).1 Among them are penetra-

tion of the cell membrane and the effects associated with

this attack (structural changes, disturbance of the Naþ/Kþ

pump, and damage to the cell membrane causing poros-

ity),2,3 interruption of deoxyribose nucleic acid strands,4 or

inhibitory of enzymes.2 Agþ ions can easily generate oxygen

radicals which are known to lead to apoptosis.5 According to

Marini et al., silver ions deactivate proteins by interacting

with the thiol groups of their methionine or cysteine amino

acids.6

A very serious problem is the catheter-associated urinary

tract infection, which causes wide-spread bioburdens and

pain not only for hospitalized patients but also for inhabi-

tants of old people’s homes. Because inflammation in the

urinary tract can be caused by many bacterial strains, silver

is second to none at suppressing or even reducing their

growth due to its oligodynamic conduct (bactericidal

behavior).7 To act as a bactericidal source, this silver depot

must permanently elute the necessary amount of silver ions to

meet at least the minimum inhibitory concentration (MIC)

within a volume that is permanently influenced by it. The MIC

depends on the environment and the class of bacteria, in partic-

ular, against the two strains, Gram-positive or Gram-negative,

respectively.8 For example, Thenn and Lauer could show that

the antibacterial effect increases when the content of peptone is

reduced.9 In Caso-medium, which also contains peptone, the

MIC is reported to be 30 lg/l or 0.3lmol/l against Escherichia
coli.10 Due to additional ingredients, its value is subject to

change.11

Urine is a complicated solution of inorganic and organic

ingredients, including peptone (cf. Table I).12,13 Therefore,

one issue concerns the MIC in urine. Urine also contains Cl�

ions, approximately 1/10 mol, which form a very stable de-

posit of AgCl. This deposit is well known to be soluble in a

surplus of ammonia (which is generated by a reaction

between urease and urea, both components of urine). Does

this reaction release enough Agþ ions to meet or exceed the

MIC?

Because the absolute mass of the silver depot is limited,

and the system should act as a long-term antibacterial cathe-

ter, the rate of elution of the silver depot must only reach the

MIC. Overshooting this threshold would not generate a ben-

efit but would reduce the effective lifetime. The traditional

preparation tracks, e.g., dip coating or vacuum techniques

(evaporation, sputtering) cannot be applied,14 because the

penetration depth of the catheter’s interior is very limited.

We identified five possible strategies:

(1) Randomly distributed silver particles in the wall of the

catheter: The molten polymer is enriched with a certain

amount of nanosize silver particles that will be randomly

distributed on the walls of the extruded capillary. Onlya)Electronic mail: gerhard.franz@hm.edu; URL: www.gerhard-franz.org
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