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ABSTRACT 

Over the past three decades, researchers have developed a variety of NO-releasing polymeric materials after discovering the 

importance of endogenous nitric oxide in regulating a wide range of biological processes. Almost all of these materials have 

short lifespans because NO donor molecules are poorly incorporated into the polymer matrix. To develop a stable material 

that releases nitric oxide (NO), S-nitroso-N-acetylpenicillamine (SNAP) was combined with polydimethylsiloxane (PDMS). 

No NO donor can be leached into the environment because SNAP is anchored to the PDMS crosslinker. It has been the first 
time that a NO-releasing polymer has been able to continue releasing NO and suppressing bacteria over this period, 

indicating that it may have long-term hemocompatibility and biocompatibility. By demonstrating a 99.99 percent reduction 

in a continuous flow CDC bioreactor after three days and a 99.50 percent inhibitory potential after a month, the material 

shows excellent antibacterial activity against Staphylococcus aureus. A rabbit extracorporeal circuit (ECC) model was used 

to test SNAP-hemocompatibility PDMS's during a 4-hour period. When compared to the control circuits, thrombus growth 

was dramatically reduced in the SNAP-PDMS coated ECCs, The overall thrombus mass was reduced by 78 percent. This 

material may prove useful for long-term clinical applications for biomedical devices in contact with blood and tissues when 

infection and unwanted clotting are significant concerns. 

 

Keywords :-S-nitroso-N-acetyl penicillamine, Intercorporeal circulation, bioreactor, antimicrobial, biocompatible. 
 

 Access this article online 

 

Home Page:  

www.mcmed.us/journal/abs 

 

Quick Response code 

 
Received:25.06.2019 Revised:10.07.2019 Accepted:28.07.2019 

 

INTRODUCTION 

When foreign objects or medical equipment 

make contact with blood, proteins such as albumin and 

fibrinogen adhere to its surface, making it easier for 

platelets to adhere. In platelets that have been attached to 
proteins, the glycoprotein GPIIb/IIIa receptor is exposed, 

allowing platelets to bind to fibrinogen directly. Platelets 

are activated and aggregated, which results in clotting. As 

a result, these clots can break off and cause emboli lower 

down in the vasculature, as well as reduce the 

effectiveness of the implant. A clinical setting may also 

present the risk of infection with medical equipment. 

Catheters and endotracheal tubes may become infected if 

they are kept in place for too long. The devices must be 

removed and replaced frequently, requiring extensive 
surgeries and causing pain to the patients. 

The use of nitric oxide as a biocompatibility 

promoter is possible in specific circumstances (NO) 

(NO). Biological signals are produced by nitric oxide, 

afree radical. Physiological functions includeeliminating 

pathogens via nitrosative stress,preventing
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platelets from adhering to the vasculature, and regulating 
blood pressure via vasodilation. In certain conditions, 

certain NO-releasing drugs can mimic important 

endogenous functions by understanding these pathways.  

A form of NO-releasing chemicals known as S-

nitrosothiols (RSNO) is produced in the body. S-nitroso-

N-acetyl penicillamine (SNAP), S-nitrosoglutathione 

(GSNO), and S-nitrosocysteine are some examples of 

RSNOs that are combined into polymeric matrices to 

promote localized and controlled NO release. RSNOs 

produce NO through the breakdown of the sulfur-

nitrogen bond. This breakdown is aided by temperature 

degradation, metal ion catalysis, and/or light. As RSNO-
containing materials can slowly release NO under in vivo 

conditions, thermal degradation is one of the most widely 

used methods for initiating the release. A third kind of 

NO donor is a dizeniumdiolate, which releases a huge 

amount of NO over a short period of time when the 

physiological temperature and pH are right. [8] 

The effect of NO releasing polymers on 

thrombus prevention in vivo has been fully explored in 

both extracorporeal circuit (ECC) and catheter studies. 

Due to the short half-life of NO, its way of 

reducing platelet activation is more localized than that of 
other reducing agents. People with low platelet counts, 

internal bleeding, and thrombocytopenia may experience 

side effects of heparin and other blood thinners. 

Thrombus formation and platelet adhesion are 

significantly reduced by polymers that create NO, as they 

inhibit both ECC and catheter surface adhesion without 

detrimental systemic consequences. 

A medical device that contacts tissue also poses 

a risk of infection. There have been many attempts to 

create antimicrobial surfaces using nanoparticles and 

polymers that facilitate the diffusion of antibiotics such 

as silver17–19 and copper20–22. These metallic 
nanoparticles, if used in high concentrations, may be 

toxic to both the tissue surrounding them and the germs 

they are targeting. The rise in antibiotic resistance has 

also resulted in a reduction in medication effectiveness. 

Biofilms, which cover bacteria with proteins and 

polysaccharides, have also been shown ineffective 

against antibiotics. By using this method, NO is 

prevented from leaching outside of the polymer matrix, 

which would normally result in bursts of NO within a 

short period of time and depletion of the NO reservoir. A 

substantial, regulated release of NO has also been 
demonstrated using high molecular weight, covalently 

bound NO donors, such as RSNOs and 

diazeniumdiolates. A long-term delivery of NO to cells 

using these synthetics has shown potential in vitro to be 

stable. [38–39] 

We examined whether SNAP-PDMS could be 

used as an antibacterial agent long-term and to prevent 

unwanted thrombus formation. SNAP was shown to 

possess lifetime release capabilities in vitro by By 
releasing NO over time, the silicone rubber can support 

the production and adaptation of a range of biomedical 

devices, including blood and urine catheters, PICC lines, 

and feeding tubes. A rabbit model was used to observe 

thrombus formation and platelet count using 4-hour ECC 

tests using SNAP-PDMS on the inner lumen of PDMS 

tubing. A separate experiment examined the antibacterial 

properties of SNAP-PDMS films in a CDC biofilm 

reactor for 28 days. 

 

Procedures and Materials 

Materials: 
This work was conducted at Sigma-Aldrich 

using N-Acetyl-D-penicillamine (NAP), 

polydimethylsiloxane-dibutyltrimethoxysililane, toluene, 

chloroform, pyridine, tributyl nitrite, acetic anhydride, 

poly(dimethylsiloxane) 2550–3570 cSt (PDMS), and 

ethylenediaminetGibco-Life Technologies donated the 

antibiotic Penicillin-Streptomycin (Pen-Strep) and fetal 

bovine serum (FBS) (Grand Island, NY) (Grand Island, 

NY). The American Type Culture Collection donated the 

bacterial strain Staphylococcus aureus (ATCC 5538) and 

mouse 3T3 cells (ATCC 1658). (ATCC 1658). 

 

NAP-thiolactone synthesis 

The proven procedure developed by Moynihan 

and Robert was used to synthesize thiolactone self-

protected NAP. 

40 In a round bottom flask, 5 g of NAP was 

dissolved in 10 mL pyridine, while a separate vial 

containing 10 mL pyridine and 10 mL acetic anhydride 

was made. Both solutions were refrigerated for 1 hour in 

an ice bath before being blended and swirled for 24 

hours. A rotary evaporator was used at 60°C to evaporate 

the solution until all of the pyridine was gone and a thin, 
orange solution was all that remained. To extract 1M HCl 

three times from the rest of the solution in equal volume 

amounts, it was diluted with 20 mL chloroform. Drying 

the organic layer and then filtering it over anhydrous 

magnesium sulfate were the next steps. The solid is 

washed and filtered with hexanes after being extracted 

with chloroform under vacuum at room temperature. It is 

collected at room temperature over night and dried for 

two days before being stored at 5°C (1.16 g). 

 

SNAP-PDMS synthesis 

Frost et alprocedure .'s was slightly changed to make 

SNAP-PDMS 

To isolate the hydroxy terminated PDMS, 1.6 g 

were dissolved in 8 mL of toluene in the first step, as 

shown in the schematic. Three grams (3,4-

diaminopropyl) trimethoxysilane (1,67 mmol) and two 

grams dibutyltindilaurate were dissolved in two 

milliliters of toluene in another vessel. After that, the two 
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solutions were united and properly mixed before being 
agitated overnight. In the crosslinked PDMS solution, a 

tiny amount of NAP-thiolactone (300 mg, 1.73 mmol) 

was mixed in excess of the crosslinking agent and 

agitated for 24 hours. Addition of t-butyl nitrite 

nitrosated the NAP-PDMS. After vortexing three times 

with a 20 mMcyclam solution to remove copper 

impurities, the t-butyl nitrite was chelated again to 

remove remaining copper. After separation, the organic t-

butyl nitrite layer is stored in an amber vial at 5 °C. 300 

mL of t-butyl nitrite plus 3 mL of NAP-PDMS is used to 

create a deep green SNAP-PDMS solution. The 

nitrosated solution was then placed in a Teflon ring with 
a diameter of 2.54 cm, sealed against light, and allowed 

to air dry overnight. 

 

Assay for SNAP leaching 

A Thermo Fisher Genesys 10S UV-Vis 

spectrophotometer was used to investigate leaching of 

SNAP-PDMS bound to and blended together. Since S-

nitroso bonds dominate RSNOs, their maximum 

absorbance is observed at 340 and 590 nm. To be sure 

that the buffer was free of catalytic metal-ion 

interactions, coated SNAP-PDMS and SNAP-PDMS 
blend films were soaked in PBS (0.01M) with 100 m 

EDTA for varying amounts of time. The covalently 

bound SNAP-PDMS as well as blended SNAP in PDMS 

were evaluated with and without a PDMS topcoat. The 

film was incubated in PBS with EDTA and sheltered 

from light during the trial in order to preserve the SNAP 

leaching values. PBS solution aliquots were measured at 

340 nm after being placed in cuvettes. 

 

Bacterial adhesion assay 

SNAP-PDMS was tested against 

Staphylococcus aureus in a continuous flow CDC 
bioreactor (BioSurface Technologies) for 3, 14, and 28 

days to determine its ability to reduce bacterial adhesion 

and growth. The formation of biofilms on polymeric 

surfaces can be facilitated by providing nutrients in a 

steady supply, the use of a CDC bioreactor offers a 

highly favorable environment for bacterial growth, which 

can be utilized to assess the polymer's long-term 

performance. From a pregrown culture, a single isolated 

colony of the bacterial strain (S. aureus) was incubated 

overnight in LB medium at 150 rpm at 37 °C. Using a 

UV-vis spectrophotometer, the optical density OD600 
measurements of the liquid suspension of bacteria were 

made after 14 hours, which confirmed previous 

observations. In addition to being sterilized for 30 

minutes in a BioSafety Cabinet (Thermo Scientific 1300 

A2) before being placed in the CDC bioreactor for 

analysis, the samples (SNAP-PDMS and control PDMS, 

n=3 for each time point) were then added to the CDC 

bioreactor for analysis. CDC bioreactors are sanitized 

according to the manufacturers' instructions in an 
autoclave with saturated steam at 121 °C for 30 minutes 

before use. As a trend analysis, the final OD600 for the 

CDC bioreactor (working volume 1000 mL) fell in the 

range of 107–109 CFU mL1 when it was infected with 

the bacterial culture in 400 mL of LB medium (2 g L1). 

A sterile feed bottle fed LB medium (2 g L1) to the CDC 

bioreactor on one end, and the wash out came from a 

sterile collection bottle on the other end. We rinsed the 

films (controls and tests) three times with PBS every 

three, fourteen, and 28 days to remove loosely bound 

bacteria. We homogenized the washed films for 60 

seconds in sterile PBS and 15 mL tubes using an 
OmniTip homogenizer. After that, using an L-spreader, 

bacterial strains were plated on numerous Petri-dishes on 

LB-agar medium and serial dilutions (101 to 105) were 

made using sterile PBS.  

 

In vitro cytotoxicity of cells 

Using 3T3 murine fibroblast cells, the ISO 

10993 standard was employed to investigate cell 

cytotoxicity on SNAP-PDMS films (ATCC-1658). The 

Cell Counting Kit-8 (CCK-8) technique used the WST-8 

dye, an inorganic compound that contains 2-(2-methoxy-
4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-

2H-tetrazolium monosodium salt. Formazan is detected 

at 450 nm when WST-8 is reduced enzymatically, which 

in turn generates formazan. In that case, cell death is not 

necessary for the determination of the number of living 

cells. 

The mouse fibroblasts were cultured in 75 cm2 

T-flasks containing DMEM containing 4.5 g glucose and 

L-glutamine, 10% FBS, and 1% penicillin-streptomycin 

with 5% carbon dioxide at 37 °C. Confluence 

approaching 90% was tested by trypsinizing (0.18 

percent trypsin and 5 mM EDTA) and planting cells in 
96-well plates at a density of 5000 cells per well. By 

incubating the PDMS and SNAP-PDMS films for 24 

hours at 37 °C, leachates were made from control PDMS 

and SNAP-PDMS films simultaneously. Cell culture 

experiments were conducted at 4 °C using DMEM 

extracts after the films had been removed from the 

solution and discarded. 

To study cytotoxicity, 5000 cells mL1 of the 

previously generated suspension were placed into 96 well 

plates (100 L in each well). After 24 hours of incubation 

with 5% CO2, the 96-well plate was added to 10 L of 
leachates. A subsequent 24 hour incubation was 

conducted to allow the leachates to affect the cells. After 

that, each well received 10 mL of CCK-8 solution, which 

was incubated for another 3 hours. The relative cell 

viability was estimated by comparing the cells with and 

without leachate using a 450 nm absorbance 

measurement. The percentage of cell viability was 

calculated using the calculation below. 
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RelativeCellViability = Absorbance of test samples 
(percent) The absorbance of the control samples was 100. 

 

Extracorporeal circuits are being prepared 

The ECC loop arrangement was used, as previously 

described 

A thrombogenicity chamber was created using a 

16-gauge IV polyurethane angiocatheter and a 14-gauge 

IV polyurethane angiocatheter. The angiocatheters were 

coated only once with an 80 mg/mL more diluted SNAP-

PDMS solution. PDMS 80 mg/mL1 in toluene was used 

to construct all of the ECC loops. NO loss from the tube 

and coating solutions was minimized by preventing direct 
sunlight exposure during the procedure. Before being 

vacuum dried for 24 hours, the ECC loops were room 

temperature dried for 48 hours. During the rabbit 

experiment, ECC loops were soaked for one hour in a 

saline solution. We measured NO release by using small 

tubing lengths before and after the trial. 

 

Rabbit ECC Model 

The SNAP-PDMS coated tubing's 

hemocompatibility was examined using a rabbit ECC 

model that has previously been used. It was used as a 
maintenance anesthetic in a 100 percent oxygen 

environment, administered by tracheotomy at a 1–3% 

breathing rate. Mechanical ventilation was used to 

maintain anesthesia with isoflurane in 100% oxygen 

(from 0.5–1.5%) at a rate of 12 breaths per minute and a 

tidal volume of 10–15 mL kg1 (Hallowell EMC, 

Pittsfield, MA 01201). To precisely monitor blood 

pressure, a Doppler ultrasonic flow probe was employed 

(Parks Medical, Las Vegas, NV 89119). The continuous 

ECG and heart rate were closely monitored using a 

multiparameter monitor (Grady Medical, Los Angeles, 

CA). Lactated Ringer's were supplied via catheterization 
of the ear vein at a rate of 10 mL kg1 h1 to help maintain 

blood pressure stability. Body temperature was measured 

using a rectal probe and maintained at 38 °C using a 

warm water heating blanket and a forced air heater. To 

obtain baseline measurements, blood samples were taken 

before the ECC trial began. 

ECCs are cannulated into the right carotid artery 

and left jugular vein, primed with NaCl, clamped, and 

placed into position. The ultrasonic flow probe and the 

flow meter (Transonic 400 Ithaca, NY) showed that once 

the end of the ECC was unclamped, blood flowed freely 
through the loop. As soon as the flow rate decreased to 0 

mL min-1 and remained there for 5 minutes, the ECC 

loop was judged closed. We collected, weighed, and 

preserved any ECC loop clots found. Animals were not 

given any systemic anticoagulants during the study. 

Indirect catheterization of the femoral artery was 

used to collect blood samples for a complete blood count 

using an automated hematology analyzer (Heska Element 

HT5 Hematology Analyzer, including platelet count). 
Blood samples were collected every hour after the ECC 

had been turned on for four hours. The blood samples 

were each taken at 1 mL. Impedance counters (CBC-Diff, 

Heska Corp., Loveland, CO) were used to monitor the 

completion of the blood count. 

 

Analytical statistics are a type of statistical analysis 

The data's mean and standard deviation were 

determined. SAS JMP software and a student's t-test were 

used for statistical analysis. If the P value was less than 

0.05, all of the data in the study was judged statistically 

significant. 

 

The Results Are Discussed 

Nitric Oxide Release Measurements and 

Characterization 

A chemiluminescence nitric oxide analyser was 

used to measure the NO release from SNAP-PDMS films 

in real time. Analyses of samples were carried out with 

EDTA buffer and 0.01M PBS in amber reaction 

containers containing 0.01M PBS at 37 °C with nitrogen 

bubblers and sweep gas at a combined flow rate of 200 

mL/min in amber reaction containers containing 0.01M 
PBS. The same SNAP-PDMS films were incubated for 

the same period of time under NO testing conditions. We 

found that tertiary RSNO modified films still had a green 

color after the experiment was completed, which 

indicated that NO was still being emitted. This section 

summarizes how the NO release kinetics of the films 

evolved throughout the study. In this example, the flux 

emitting from the films at various times is shown, and the 

PBS used to incubate them is regularly changed. Despite 

not yet exhausting themselves, the films yielded a NO 

flux of 0.1 1010 mol cm2 min1. A pattern of cumulative 

NO release has been shown in this graph through the 
course of the testing period, indicating not only the 

material's significant capacity to store NO, but also its 

initial release profile when introduced to PBS on day 0. 

SNAP load capacity was determined by UV-VIS testing, 

and the films weighed and measured prior to testing. 

After day 125, the total NO release was normalized to 

0.311 0.009 mol mg1, showing that 18% of the 

covalently coupled SNAP remained. NO donor leaking 

from the polymer matrix is a common source of this. 

Leaching is an issue with non-covalently attached 

medications, hence a polymer topcoat is occasionally 
Preventive measures are used. In the case of compounds 

that require long-term release of NO, the method is less 

suitable. 

The NO release from silicone rubber tubing with 

SNAP-PDMS coatings was mimicked during in vivo 

ECC experiments by testing them for 4 hours. The inner 

surface of the SR tubing was cast with three coats of 

SNAP-PDMS in toluene (160 mg mL1) after it was filled 
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and drained. Each coat was allowed to dry for one hour. 
SNAP-PDMS solution must be removed from the tube 

between each drying step. A smooth surface in the lumen 

of the tubing removes the unevenness of polymer layers, 

resulting in a uniform NO release throughout the whole 

circuit during testing. A 24-hour vacuum drying 

procedure was performed on the tube before any 

remaining solvent was evaporated during the ECC 

experiment. To determine that the release of nitric oxide 

matched the results of earlier in vitro testing, nitric oxide 

release was measured following in vivo ECC testing. The 

NO flux was 8.15 1.68 1010 mol cm2 min1, compared to 

8.35 0.666 1010 mol cm2 min1 before testing. 

 

Measurements of SNAP Leachates 

When utilized in aquatic environments, SNAP-

PDMS does not require a topcoat to prevent leaching, 

which reduces processing time and allows for the 

application of extremely thin polymer coatings to a 

surface. Silicone rubber-based polymer topcoats, on the 

other hand, can limit the diffusion of certain ions while 

reducing the amount of water absorbed by the films. This 

could extend its life even more by limiting NO release to 

heat exclusively, resulting in a lower overall NO flux. It's 
probable that the materials will take a long time to 

maintain a stable flow due to the continuous leaching of 

the NO donor. When comparing the burst release of 

SNAP-PDMS to that of these polymers, the SNAP-

PDMS burst release is significantly shorter.  

Covalently attaching SNAP to the PDMS 

instead of integrating it into the polymer greatly reduces 

the amount of leaching. As a prophylactic measure, 

hydrophobic topcoats were once preferred to keep SNAP 

mixed within polymer matrixes. Although SNAP 

leaching decreases significantly with this technique, it is 

still much higher as compared to covalently attached 
SNAP-PDMS. 

At 340 nm, UV-Vis absorbance spectroscopy 

was used to measure the amount of leaching on the films. 

For the first 24 hours of testing, the same PBS solution 

was used, and then a new batch of PBS for the following 

24 hours, allowing for a calculation of cumulative 

leaching. The SNAP-PDMS films showed modest 

leaching (0.015 mg cm1) after 48 hours of soaking in 

PBS at room temperature, however the blended SNAP 

films showed continual leaching. The amount of SNAP 

leached from blended films continues to climb, despite 
the adoption of a protective topcoat. As a result, after the 

first 6 hours of measurement, SNAP-PDMS film 

leachates remained relatively constant for the remainder 

of the study. 

 

For a Long Time, Bacterial Inhibition on SNAP-

PDMS 

Because of the surface features of surgical 
implants and the failure to keep sterile conditions during 

procedures, they are vulnerable to infection. Because 

catheters are left in place for lengthy periods of time, 

they are prone to infection. The device's lifespan is 

shortened as a result of these infections, necessitating its 

replacement before it becomes life-threatening. As a 

result, biomedical device-related infections increase not 

only the patient's suffering, but also the overall cost of 

healthcare due to the increased length of stay in the 

hospital. To minimize medical issues like this, it's vital to 

have long-term antibacterial programs in place. The two 

key criteria that support bacterial adherence and growth 
are the material's surface roughness and the potency of 

the bactericidal agent emitted. Most tests measure the 

effects of nitric oxide-releasing compounds for only a 

few minutes, despite the fact that their ability to inhibit 

bacterial activity has been demonstrated. S. In a CDC 

bioreactor, aureus was incubated with SNAP-PDMS 

films 50–51, 44–48, 44–48, 44–48, 44–48, 44–48, 44–48 

for 3 days, 14 days, and 28 days, as well as a separate 

experiment involving films that have continuously 

released NO for at least 125 days. One of the most 

common causes of hospital-acquired infection is 
Staphylococcus aureus. Antibiotics are rendered 

ineffective due to the formation of a biofilm on the 

polymeric surface. 

Using a bioreactor, the films can be sheared and 

bacteria can be fed, simulating an in vivo highly 

favorable environment. 

In bioreactors at the Centers for Disease Control 

and Prevention, 52 SNAP-PDMS films were placed with 

S. pneumoniae for 28 days. The bioreactors were 

maintained at 37 °C. We retrieved the films at the 

following time points: days 3, 14, and 28 (n=3). A 

sonicator (Omni International TH) was used to 
homogenize the films in sterile PBS solution after their 

removal from the bioreactors in order to remove loosely 

bound bacteria. The bacterial suspension was serially 

diluted in PBS (101 to 105) and then plated in pre-made 

LB agar plates (40 mg/ml) after serial dilutions (101 to 

105) of the suspension. During all time intervals, the 

number of live S. aureus was significantly reduced on the 

SNAP-PDMS films.  By day 14, the reduction had 

decreased by three logs, and by day 3 had reduced by 

four logs. At these dates, the SNAP-PDMS was emitting 

a considerable amount of NO. A two-log decrease in 
viable bacteria was still apparent in SNAP-PDMS films 

after 28 days, when NO release begins to decline. 

Throughout the bioreactor experiment, Table 1 shows the 

specific values. 
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TABLE 1: Counting colony forming units (CFU) at specified times before and after bioreactor study. 

 

 Notion(initial) (x10*10 mol 

cm*2 sec*1) 

Flux(28d) (x10*10 

moles cm2 sec1) 

CFU(3d) CFU(14d) CFU(28d) 

CFU(90d) 
- - 

3.04 × 108 ± 

7.30 × 107 

1.71 × 108 ± 

1.21 × 106 

2.04 × 109 ± 

3.91 × 108 

SNAP-

PDMS 

8.34 ± 0.665 1.01 ± 0.120 2.10 × 104 ± 

5.08 × 103 

8.37× 104 ± 

3.02 × 104 

1.03 × 107 ± 

3.04 × 106 

 

To conclude, residual NO flux was measured 

after the bioreactor research to get an idea of how 

successful the films would be after 28 days of testing. It 

was shown that SNAP-PDMS films can still be used as 

antibacterial filters even after 28 days of bacteria death, 

by emitting a flux of NO of 1,01 0,120 1010 mol min 1 
cm2. NoNO is being emitted at this rate that is higher 

than the amount determined in vitro for the films in PBS 

after 28 days, which only showed a flux of 0.5 1010 mol 

min1 cm2. The differences between preserving films in a 

bioreactor versus keeping them in PBS can be attributed 

to some factors that are different when the films are 

preserved in a bioreactor. A biological "topcoat" can 

build up on the surface of polymer films, preventing NO 

from leaving the film as quickly as it would otherwise. It 

was not possible to confirm this theory after the 

bioreactor investigation because the films were 

homogenized and sonicated to remove any residual 
bacteria biofilms. Additionally, the broth might have 

been salinized less than PBS. Catalytic ionic contact 

disrupts the sulfur-nitrogen bond, which is one of the 

primary mechanisms for boosting NO release from 

RSNOs. By day 28 as shown in the data, the release 

profile would be slower due to the decreased ion content. 

In a 24-hour bacterial adhesion study conducted 

after sustained release of the SNAP-PDMS films for 125 

days in PBS at 37 °C, the films were evaluated for their 

potential antibacterial properties. The films emitted 

around 0.1010 moles of NO per square meter per minute, 
but prior research indicated that even small doses of NO 

could be antibacterial. Even at very low NO fluxes from 

exogenous NO donating sources, the SNAP-PDMS film 

was able to reduce Staphylococcus aureus adhesion by 

58.6%, suggesting that even very low NO fluxes from 

exogenous NO donating sources can have antibacterial 

properties. 

 

Cytotoxicity of SNAP-PDMS 

Any materials with potential leachates will 

affect the cells around them, thus it's critical to 
investigate any dangerous impacts. Using a standard 

technique, cytotoxic leachates from SNAP-PDMS films 

were tested on Cells cultured from mouse fibroblasts. To 

allow any leachates from the SNAP-PDMS films to 

dissolve into the DMEM, the films were submerged in 

amber vials for 24 hours at 37 °C. A 24-hour incubation 

period was followed by an exposure to leachates after the 

parallel-grown fibroblast cells had been exposed for 24 

hours. CCK-8 kit-based cytotoxicity assays showed that 

more than 96 percent of the fibroblasts were alive when 
exposed to leachates from SNAP-PDMS films. SNAP-

PDMS films appear to be biocompatible with mouse 

fibroblast cells based on the cytotoxicity study. Past 

experiments have shown that NO-releasing chemicals 

inhibit bacterial growth and activate platelets particularly 

effectively. It may be advantageous for the development 

of biomedical devices to have a high level of antibacterial 

activity, but this function should not be at the expense of 

harmful side effects on host mammalian cells. The use of 

antibacterial substances such as antibiotics, silver 

nanoparticles, or NO donors at extraordinarily high doses 

has been studied by other studies but there has been no 
safe therapeutic dose determined for mammalian cells. 

Therefore, the following research is critical in showing 

that NO-releasing PDMS films are antibacterial and 

antithrombotic without causing cytotoxicity. Moreover, 

at the end of the study, the morphology of the mouse 

fibroblast cells remained unchanged, showing that the 

cellular metabolism remained unchanged. 

Because NAP, the forerunner of SNAP, is FDA-

approved and widely used to treat heavy metal poisoning, 

this result was expected.57–58 NAP-based therapies have 

also been used to treat cystinuria for up to 155 days at 
doses as high as 2–4 g/day. 59 Various NO-releasing 

polymeric composites have previously been shown to 

have greater than 90% cell viability. 60–62 More animal 

research would be desirable in order to produce in vivo 

proof that would reinforce the efficacy of these drugs in 

preclinical settings. 

 

Hemocompatibility of Extracorporeal Circuits SNAP-

PDMS 

Thrombus formation and platelet count were the 

primary variables examined in this study. SNAP-PDMS 
coatings were demonstrated to release NO to improve 

hemocompatibility of blood-contacting devices through 

examination of these properties. An hourly platelet count 

was taken during ECC testing, and the results were 
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compared to a baseline baseline taken before the 

experiment and corrected for hemodilution. It has been 

demonstrated that SNAP-PDMS releases for quite some 

time, but despite that, it still lacks development time, this 

study will just look at the first four hours of 

hemocompatibility to illustrate its early usefulness in an 

extracorporeal setting. 

Platelet levels in all NO releasing circuits were 

at 75% of baseline after 4 hours, with flow around the 

initial flow through the ECC loop (100 mL min1). Prior 

to SNAP co-infusion with PDMS tubing, the baseline 
platelet count for control samples dropped to 12 percent 

after 4 hours, whereas NO-releasing tubing maintained a 

62 percent count. As a result of a large flux of NO that 

was maintained throughout the trial, the SNAP-PDMS 

coating outperformed this strategy of introducing SNAP. 

Comparing pure silicone rubber to the PDMS control 

coating, the study found that it preserved a greater 

quantity of platelet count. Both the hydroxy-terminated 

PDMS and the aminosilanecrosslinker used have 

previously been shown to have hemocompatible 

properties, which can be attributed to this phenomenon.  

Researchers were able to monitor thrombus 
growth by cutting up the ECC's thrombogenicity chamber 

and removing any visible clots. During the investigation, 

the control loops experienced significant clotting, 

resulting in the formation of a thick, dense layer of 

loosely bound thrombus that covered the chamber. 

 

Conclusion 

An effective long-term (> 4 months) NO 

releasing material was found to be the covalent attach of 

SNAP to PDMS in the present study. Prolonged and 

passive NO release minimized the risk that undesirable 

NO donors would seep into the surrounding environment, 
making it the ideal antibacterial and antithrombotic 

surface for long-term use. It was also noncytotoxic to 

mammals. Due to its covalent bond, the RSNO does not 

leach into the environment unlike the traditional method 

of incorporation. This is the key to its long-term stability 

and noncytotoxic properties. After a month of continuous 

exposure in a CDC bioreactor, the SNAP-PDMS material 

was still able to inhibit Staphylococcus aureus bacterial 

adhesion. As long as the films were released 

physiologically after 125 days, approximately 60% of all 

bacterial adhesion was blocked, suggesting that their 

antibacterial efficacy was retained even with low levels 
of sustained NO release.
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