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25 Primary adhesion occurs through the chance meeting of a conditioned
surface and a planktonic microorganism. As an oversimplification, primary
adhesion between bacteria and abiotic surfaces is mediated by nonspecific
(e.g. hydrophobic) interactions, whereas adhesion to living or devitalized
tissue is accomplished through specific molecular (lectin, ligand, or adhesion)

30 docking mechanisms. This stage is reversible and is dictated by
physiochemical variables defining the interaction between the bacterial cell
surface and the conditioned surface of interest.
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of defrimental or beneficial reactions (by human standards), depending on the
surroundihg environmental conditions. Microbial biofilms on surfaces cost
billions of dollars yearly in equipment damage, product contamination, energy
30 losses and medical infections. Conventional methods of killing bacteria (such
as antibiotics and disinfection) are often ineffective with biofilm bacteria,
partially due to the protective nature of the glycocalyx. The huge doses of
antimicrobials required to rid systems of biofilm bacteria are environmentally
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wherein R, is a straight or branched alkyl group containing 8 to 16 carbon
atoms at the 2- or 3-position of the morpholino ring, and R, is a straight or
branched alkyl group containing 2 to 10 carbon atoms, substituted with a
hydroxy group except in the alpha-position, the sum of the carbon atoms in
30 - the groups R, and R, being at least 10 and preferably 10 to 20.
' According to a second aspect of the present invention, there s the use
of a compound as defined above for treating a surgical implement prior o

surgery.
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the current invention. For example, Carpentier (supra) describes a biofilm as
“a community of microbes embedded in an organic polymer matrix, adhering
to a surface”; Costerton (1999 Science 284:1318-1322) defines a biofilm as “a

25  structured community of bacterial cells enclosed in a self-produced polymeric
matrix and adherent to an inert or living surface.”; Elder (1995 Eye 9:102-109)
describes a biofilm in more cooperative ferms as “a function consortium of
microorganisms organised within an extensive exopolymer matrix”.

The compounds for use in the present invention have the general

30 formula () as shown above, wherein R, is a straight or branched alkyl group
containing 8 to 16 carbon atoms at the 2- or 3-position of the-morpholino ring,
and R, is a straight or branched alkyl group containing 2 to 10 carbon atoms,
substituted with a hydroxy group except in the alpha-position, the sum of the
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limbs, heart valves, stents, contact lenses and devices for delivering fluids,
25 nutrients and medicines, or for the removal of fluids and waste, e.g. catheters.

For the avoidance of doubt, the term “medical device”, as used herein,

includes devices and implants used in cosmetic procedures. The compounds
“may also be used to prevent biofilm formation on identification and_
information tags, or electronic chips, that are implanted into a subject.
30 The compound of the invention may aiso be used to treat surgical
implements, e.g. surgical knives, saws, scalpels, forceps elc., or any other

instrument used in an invasive surgical procedure.
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25 devices. The material to be coated may be metal, plastics, ceramic,

polystyrene or glass. Preferably, the material to be coated is metal e.g.

UL

stainless steel.
The compound of the invention may be bound to the treated surface in
a covalent or non-covalent attachment. If bound covalently, a linker molecule
30 may be used to bind the compound to the surface. For example, polyethylene
glycol (PEG) is a useful linker substrate that may be used in the present
invention. Amination may also be used to provide an effective linker

molecule.
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25 made from a flexible plastic or metal méterial; suitable sachets are known in
the art. Other suitable containers include boftles, jars and tubes of any
material, preferably glass or plastic. In a preferred embodiment, the container
is a holder for the storage or cleaning of a contact lens. The size of the
container (and therefore the pre-determined dosage of compound stored

30 within) suitable for different applications will be apparent to one skilled in the
art, for example a hip implant will require a larger amount of delmopinol than a
(standard) catheter. It is preferred that each container is “single-use”, i.e.
once it has been opened and the contents used, it is disposed of, irrespective
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purification or transportation systems, including water pipes and water stdrage
tanks. |
In another preferred embodiment, the surface itself is coated or
impregnated with a compound according to the invention. This embodiment is
30 particularly suitable for surfaces that will remain in sifu for a prolonged period
of time, for example medical devices and the water or fluid delivery systems

described above.
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apparerit to the skilled person and may be determined based on the surface
to be treated.
25 The invention is further described in the following non-limiting example.
- Example
Test surfaces
The following test materials were included in the study:
stainless surgical steel 316 (for e.g. heart valves)
30 - titanium (for e.g. hip implants)
The different materials were obtained as discs with an approximate
diameter of 30 mm and a thickness of 1 mm. These discs were then mounted
in the bottom of Petri dishes '
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conpounds nmay be delivered in any suitable formthat
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Microorganisms

_ A fresh bacterial strain of Staphylococcus epidermidis was isolated

20 from skin and stored in milk powder at —80 °C. The day before experimental
use, bacteria were transferred to blood agar and incubated in an.atmosphere
of 95 % H, and 5 % CO, at 37 °C overnight. Colony-forming units were
collected from the blood agar and suspended in 10 mM potassium phosphate
buffer, pH 7.2, to an optical density at 600 nm of 0.4, corresponding to

25  approximately 10° cells/mL.

' The bacterial viability of the bacterial suspension, indicated by the
vitality percentages, was assessed by fluorescence microscopy using the
Live/Dead Bacterial Viability method Molecular Probes, inc. Eugene, OR,

~ USA) according to the instructions of the manufacturer. Thus, SYTO 8 (1.5
30 pl) and propidium iodide (1.5 pL) were mixed with 1 mL of 10 mM phosphate
buffer, pH 7.2. Aliquots of 10 uL were added to 10 plL cell suspension and
analysed at 1000X for green/LIVE and red/DEAD cells in the fluorescence
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11 m croscope (Leitz Aristoplan mcroscope equi pped
with a halogen lanp and a 470-490 nm excitation

filpstihmbpt 544 sqthe viability of cell cultures
was nore than 95 % 5 Adhesion assay nethod Four niL
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from the surface with delmopinol, the surfaces were rinsed three times with 2

% delmopinol in water followed by analysis with fluorescence microscopy.

25 | The effect of delmopinol-coating on adhesion
| Triplicate cultures of the bacterial strains were used and the mean
values of the different runs are presented. The total (viable and non-viable)
numbers of attached cells are presented in Table 1.
Comparison of adhesion to surfaces coated or not coated with
30 delmopinol. Figures represent the number of cells per mm? on given surfaces
pre-treated or not pre-treated with a 2 % solution of delmopinol HCL
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The ability of bacteria to grow on coated and non-coated surfaces was

determined by adding 4 mL of Tryptic Yeast Extract medium to each well and

incubating at 37 °C. The results indicate that growth on solid surfaces is

25 inhibited by delmopinol-coating (Table 3).
Table 3
Cell culture IV Stainless steel Titarium
Non-coated Coated | Non-coated Coated
Growth after 1 day yes no yes 1o
30 |Growth afier 5 days no no

In conclusion, the delmopinol-coated surfaces showed a significant

reduction in the viability of adherent cells and the delmopino! significantly

inhibited growth of surface-associated bacteria.
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Triplicate cultures of the bacterial strains were
treated as described 10 above and the nean val ues of
the different runs are presented3in Table 2.
Conparison of bacterial viability on surfaces coated
or Claimgoated w th del nopi nol. Figures represent
percentage viable cells on given test surfaces. Table
2 15 Exp. No. Stainless steel Ti tani um Non- coated
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del nopi nol -coating (Tabl eHg}” Tabkg,3 Cell culture IV
Stai nl ess steel Titanium n-coav?dfﬁpat ed Non- coat ed
Coated G owth after 1 da es no s no 30 Gowth

after 5 days no no In concfUsion~The

del nopi nol - coat ed surfaces shoyed a significant
reduction in the viability of gdherent cells and the
del mopi nol significantly inhiBjted growth of
surface-associ ated bacteria. 13 dains 1.( e of a
conpound having the fornula (1) or a salt tHereof for
the prevention or reduction of biofilmformation on

B Rofe AR sipBie At &cale T BING R 16 carbon
atoms at the 2- or 3-position of the morpholino ring, and R, is a straight or
branched alkyl group containing 2 to 10 carbon atoms, substituted with a
hydroxy group except in the alpha-position, the sum of the carbon atoms in the
groups Ry and R; being at least 10 and preferabiy 10 to 20.

2, Use according to claim 1, wherein the abiotic surface is a medical
device, fluid storage apparatus, fluid delivery apparatus or surgical implement.

3. Use according to claim 1 or claim 2, wherein the compound is
delmopinol.

4. Use according to claim 2 or claim 3, wherein the medical device is a
surgical implant.

5. Use according to any of claims 1 to 3, wherein the abiotic surface is, or

- forms part of, a contact lens.

6. Use according to any of claims 1 to 3, wherein the surface is a filter or a
water delivery pipe.
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H2C~- cH2 | R2 (1) wherein R is a straight or

branched al kyl group containing 8 to 16 carbon 20

atons at the 2- or 3-position off4the norpholino ring,

and R2 is a straight or branched al kyl group

containing 2 to 10 carbon atons, substituted with a

hydroxy group except in the al pha-position, the sum of
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V\,hgr el n'Bt Ece)'yéngl&é%%ﬁgle%%c:e is a surgical inplant. 5.
Use according to any of clains 1 to 3, wherein the
abjotic surface is, or 35 fornms part of, a contact

| es. 6USBACCREAIBE AP slpimos.ampeisin heaswiace somatal.
wherein the surface is a filter or a water delivery
pipe. 14 7. Use according to any preceding claim

whel.ei nUs& eacaoirdingctosany arecéding i diafe OWBERSIN Ghe C&HBOuNd is in a
e ,Co Use according to clam7,
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\mcgqrgg e{jf{g%eo&f’englﬁppﬁceoﬁ 48 ngenfpinest 48t ac device that permits
C JomMiofed REIQESETINE cBMmpHARs: 9 Use according to

claim8, wherein the surface is netal. 10 10. Use

according to any preceding claim wherein the conpound

i |l ed-rel for.mul ati , .
corlt ai e BReAAwG piAteat CyBPFg B eaRbosnddinving e formula ()
ofortahsalt Grepech €or the-prblséntiin é‘fMBﬁl%‘oﬁuaaf gﬁryﬁe, 15 or a

conprising a conpound having the ftor
salt thereof, for the prevention of biofilmon a
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implement prior to surgery.
13. A swab impregnated with a compound as defined in claim 1.

14. A medical device, wherein the device is coated or impregnated with a
compound as defined in claim 1.

15. A medical device according to claim 14, wherein the compound is
delmopinol.

16. A medical device according to claim 14 or claim 15, wherein the medical
device is a surgical implant.

17. A medical device according to any of claims 14 or 15, whereih the
device is a contact lens. '



i mpl ement prior to surgery. 20 13. A swab i npregnated
Wi th a conpound as defined in claiml. 14. A nedical
devi ce, wherein the device is codbed or inpregnated
with a conmpound as defined in claiml. 25 15. A

rredil&al Aewmethicalcdevide NidobdifigatdNakd nakh
del mopi nol . 16, meds ¢al Fdlﬁis 1461 15, wherein the

ound.is
ac g‘g‘?‘ﬂ?q’]ﬁs aslental; 'mpi&ﬂtoﬁafblemfrrﬁmt giide e'wre bh erthegiaedit prosthetic.
device is a surgical inplant: 30 17. A nedical device
according to any of clainms 14 or 15, wherein the
device is a contact lens. 15 18. A nedical device
acc dingfttoa of claims 14 or 15, wherein the
dev id Tiegeo watergdelvary RpeHeaated witkm cogyialmd as defined in
W Ieaiftf 10r t hopaedi ¢ prosthetic. 5 19. Afilter or
wat er delivery pipe coated with a conpound as defi ned
in claim1. 20. Afluid storage or fluid delivery

dewisce, dwth ac ound as defined in claiml.
\QO A cHa\ 3 storage or fﬁj elivery device, coated with a compound as

w

defined in claim 1.



