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NO Production: Endothelial Cells (EDRF)
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Nitric Oxide Release Chemistries Examined

Chemistry
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a) With NO-Release b) Without NO-Release
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Bacterial Biofilms on Medical Devices:
Can't be Treated Effectively with Antibiotics

Nitric Oxide

Natural and potent
antimicrobial and
biofilm dispersal agent

NO in respiratory tract

M Continuous production
in sinuses

M Inducible in airways

[] 20-25 ppm

Biofilm Development Stages [ 400-900 ppb

Macrophages produce high NO levels: [ <20 ppb
This is how we fight infection!!




Chemical Release of NO Significantly Reduces

Microbial Biofilm (S. aureus) Formation over 7 d
(DBHD/NONO in SR Films-w/PLGA Additive)

PLGA/SR 20% DBHD

S. aureus biofilm formation on surfaces of CDC Biofilm Reactor
NO releasing (top) and control silicone

rubber films (lower three films are

controls)



S-Nitroso-N-Acetylpenicillamine (SNAP)
Doped Polymers

SNAP duped Pnlymer

heat or light (340, 590nm) __~"
metal ion (e.g.: Cu*)

Non-doped Topcoats

heat, light, metal ions

2RSNO > RSSR + 2NO




10 wt% SNAP-Doped CarboSil Film
NO Release at 37 °C (kept in PBS buffer)
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SNAP-Doped CarboSil Composite Material
(Long-Term Behavior)
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15 wit%
SNAP-doped
CarboSil

Blank
Carbosil

Powdered
SNAP

2 theta (cm ™)

PXRD patterns of SNAP powder, blank CarboSil
and 15 wt% SNAP-doped CarboSil film samples.

Jcrystalline SNAP dissolved SNAP

NO + NAP disulfide




Catheter-CTRL- CarboSil Catheter-SNAP
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Catheter-CTRL-NAP

CDC Bioreactor
Catheter-SNAP 1.0E+11
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ABSTRACT: Urinary Foley catheters are utilized for management of hospitalized patients
and are associated with high rates of urinary tract infections (UTIs). Nitric oxide (NO)
potently inhibits microbial biofilm formation, which is the primary cause of catheter associated
UTIs (CAUTIs). Herein, commercial silicone Foley catheters are impregnated via a solvent
swelling method with S-nitroso-N-acetylpenicillamine (SNAP), a synthetic NO donor that
exhibits long-term NO release and stability when incorporated into low water-uptake polymers.
The proposed catheters generate NO surface-fluxes >0.7 X 107" mol min~ em™ for over one
month under physiological conditions, with minimal SNAP leaching. These biomedical devices
are demonstrated to significantly decrease formation of biofilm on the surface of the catheter
tubings over 3, 7, and 14 day periods by microbial species (Staphylococcus epidermidis and
Proteus mirabilis) commonly causing CAUTIs. Toxicity assessment demonstrates that the
SNAP-impregnated catheters are fully biocompatible, as extracts of the catheter tubings score 0
on a 3-point grading scale using an accepted mouse fibroblast cell-line toxicity model.
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SNAP Impregnation into Catheter Tubing (e.g. Foley Catheters)

SNAP + THF 72 hr drying
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Antimicrobial Activity of
SNAP Impregnated Foley
Catheters
Toward Staph. epidermis in
CDC Bioreactor for
3, 7,and 14 d




3 Days Biofilm — 24 Hr pre-soaked
SNAP Catheter

3 Days Biofllm — Control Catheter

Antimicrobial Activity of
SNAP Impregnated
Commercial Silicone

Rubber Foley Catheters
Toward P. mirabilis in

CDC Bioreactor for 3 d

SNAP-IMPREGNATED

3 Days Bioflim — 24 Hr pre-soaked
SNAP Catheter

3 Days Biofilm — Control Catheter



Comparison of Commercial Ag® Particle Impregnated
Urinary Catheters vs. New SNAP-Doped Catheters

Proteus mirabilis
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Removal of Mature Biofilms M
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P. aeruginosa biofilm grown for 7 d before any treatment



Synergy of NO with Antibiotic Treatment W
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Cytotoxicity Study of SNAP on Human Cells M
(AD-293 cells—Embryonic Kidney Cell line)
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Toxicity assay based on LDH activity measurements



NO (@ )-Releasing

Lumen
(SNAP + PEG)

Vascular
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Alternate Configuration:

Filling and Sealing One
Lumen of Dual Lumen
Catheters — Nothing
Comes Out Except NO

| Filled Lumen
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Finite Element Simulations of NO Concentration Profile
iIn Dual Lumen Catheter Configuration (Comsol Software)

Time=7200 Surface: (mmel/L)

¥ 4.6587x107

Partition coefficient K= Sgi.one / Swater = 7

Dyo (polymer) = Dy (water)
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