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



Oxygen Sensors After 
Removal From

Porcine Arteries (16-18 h)

a) With NO-Release b) Without NO-Release

Frost et al., Anal. Chem. 2002



Bacterial Biofilms on Medical Devices:
Can’t be Treated  Effectively with Antibiotics

Nitric Oxide
Natural and potent 
antimicrobial and 

biofilm dispersal agent 

Initial 
attachment

dispersalmaturation

Biofilm Development Stages

Macrophages produce high NO levels: – how you fight 
This is how we fight infection!!

"Looking for Chinks in the Armor of Bacterial Biofilms" PLoS Biol, Vol 5, issue 11.



Chemical Release of NO Significantly Reduces 
Microbial Biofilm (S. aureus) Formation over 7 d

(DBHD/NONO in SR Films-w/PLGA Additive) 

S. aureus biofilm formation on surfaces of 
NO releasing (top) and control silicone 
rubber films  (lower three films are 
controls)

CDC Biofilm Reactor



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

2RSNO                              RSSR + 2NO
heat, light, metal ions



10 wt% SNAP-Doped CarboSil Film 
NO Release at 37 oC (kept in PBS buffer)



SNAP-Doped CarboSil Composite Material
(Long-Term Behavior) 

Shelf-Life Stability

stored dry in dark at 37 oC

SNAP/NAP/(NAP)2 Leaching

-stored in PBS (pH 7.4) at 37 OC
-soaking solutions changed daily
-SNAP/NAP/(NAP)2 determined by LCMS 

ACS Biomaterials Sci. & Eng., 2017 



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



*

drip-flow
bioreactor

Catheter-CTRL- CarboSil Catheter-SNAP



CDC Bioreactor

Catheter-CTRL-NAPCatheter-CTRL-CarboSil

Catheter-SNAP



2015



SNAP Impregnation into Catheter Tubing (e.g. Foley Catheters)



Antimicrobial Activity of 
SNAP Impregnated Foley 

Catheters
Toward Staph. epidermis in 

CDC Bioreactor for 
3, 7, and 14 d



Antimicrobial Activity of 
SNAP Impregnated 
Commercial Silicone 

Rubber  Foley Catheters
Toward P. mirabilis in 

CDC Bioreactor for 3 d



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

7-day 
experiments
within CDC
bioreactor

Note:
NO reléase 
Catheter only
had 4 wt% SNAP



Removal of Mature Biofilms

P. aeruginosa biofilm grown for 7 d before any treatment
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Synergy of NO with Antibiotic Treatment

Gentamicin
500 µg/mL

Control Gentamicin NO NO+Gentamicin
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NO release + antibiotic (100 µg/mL) treatment
for 3 h on 7 d  P. aeruginosa biofilms



Cytotoxicity Study of SNAP on Human Cells
(AD-293 cells—Embryonic Kidney Cell line)

Toxicity assay based on LDH activity measurements



Alternate Configuration:
Filling and Sealing One
Lumen of Dual Lumen 
Catheters – Nothing

Comes Out Except NO



Finite Element Simulations of NO Concentration Profile
in Dual Lumen Catheter Configuration (Comsol Software)  

Partition coefficient K = Ssilicone / Swater = 7
DNO (polymer) = DNO (water)



NO-Release Collaborators/Support
Current/Recent Graduate Students/Undergraduates/Post-Docs
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