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Rationale
Recently, opportunistic Gram-negative bacteria play a big role on bacteria pathogens, especially for 

low-immune people. It has been reported that bacterial infection in hospitals was increased due to antibiotic 
resistance in bacteria . Metal nanoparticles have been widely employed and prepared in different ways for 
applying to the hospital equipment. Polyurethane ionomer is one of the functional polymers used as a 
template for preparing embedded silver nanoparticles and widely used in medical equipment. In this 
research, the anionic waterborne polyurethane was selected due to the coordination of anions and silver ions 
with spontaneous reduction of silver ions to silver nanoparticle. 
Therefore, in this study, the anionic polyurethanes were used to neutralize with silver ions in four different 
concentrations, 100, 500, 1000 and 2000 ppm at three different temperatures (25, 60 and 80 oC). The 
antibacterial activity of samples was tested against opportunistic Gram-negative bacteria, which were 
Escherichia coli, Proteus mirabilis, Pseudomonas aeruginosa and drug resistant Pseudomonas aeruginosa,
compared to neat polyurethane. 
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Bacterial strains:
Four bacteria were used in this study. Pseudomonas aeruginosa (P. aeruginosa) and drug resistant P.

aeruginosa (1–375/04–2013) were collected from Chonburi hospital, Chonburi, Thailand. Escherichia coli
(E. coli ATCC 25913) and Proteus mirabilis (P. mirabilis) were kindly provided from Department of
Microbiology, Burapha University, Chonburi, Thailand.

P. aeruginosa E. coli P. mirabilis

Research Methods:

Polyurethane – silver nanocomposites (PU/Ag):
Anionic waterborne polyurethanes were purchased from sincere Group Company, Bangkok,

Thailand. AgNO3 was dissolved in deionized water with four concentrations (100, 500,1000 and 2000 ppm)
and then added to PU solution with stirring for 15 min at 25 oC. The temperature was changed to 60 oC and
80 oC for the next batch. The PU/Ag films was prepared by solution casting. The PU containing 100, 500,
1000 and 2000 ppm of Ag is referred to as PU/100Ag, PU/500Ag, PU/1000Ag and PU/2000Ag, respectively.

Antibacterial activity test:
The 4 – 6 pure colonies of bacteria from Nutrient agar (NA) were sub-cultured in Mueller Hinton

broth (MHB) and then incubated at 37 oC for three hours. The number of bacterial cultures was adjusted to
1.5x108 CFU/mL by 0.5 McFarland standard. For making the test plate, 50 µL bacterial cultures were mixed
with 1 ml of MHB. Then, PU and PU/Ag samples were put in the plates. All samples were incubated at 37
oC for three hours, and then diluted ten-fold serial dilution by 0.85 % phosphate buffer solution. Next, the
diluted samples were poured into NA and incubated for 37 oC for 24 hours and the bacteria were counted by
CFU/mL. In this study PU was used as a control. The effectiveness of antibacterial activities (EAA) of
PU/Ag samples and PU were calculated followed by

Where N0 and Ns refer to the number of bacterial colonies (CFU/mL) of PU and PU/Ag samples,
respectively.

Bacterial growth kinetic study :
The 5 mL of 1.5x108 CFU/mL of bacterial cultures in MHB was incubated at 37 oC for 18 hours.

The number of bacterial cultures was adjusted with 0.5 McFarland standard. Then pouring into 20 mL tubes
which contained PU/Ag samples. The tube was incubated at 37 oC for 0, 2, 4, 6, 8, 10, and 24 hours,
respectively. After incubated by time intervals, all bacteria were diluted by serial dilution, grown on NA for
24 hours, and counted for the survival colonies. The tests were conducted in triplicates. The number of
colonies was estimated by log10 CFU/mL.

To study the effect of prepared condition of PU/Ag nanocomposites in order to use as an 
opportunistic Gram-negative antibacterial compound

Figure 1 presented the number of colony of bacteria in log10CFU/mL scale of neat PU, PU/100Ag, 
PU/500Ag, PU/1000Ag and PU/2000Ag prepared at 25 oC tested by Broth Dilution Susceptibility. The 
positive result against the growth of bacteria was found for all PU/Ag samples, compared to PU.

Figure 1 Number of bacterial colonies (log10 CFU/mL). Figure 2 Dynamic growth curve.

From the dynamic growth kinetic study on P. aeruginosa alive shown in Figure 2, PU/1000 Ag initially 
inhibited the growth of P. aeruginosa at the 2nd hour, and mostly inhibit at the 4th hour and until at the 6th

hour. After the number of P. aeruginosa decreased from 2 to 8 hours, the bacteria started growing up again at 
8th hour, and maintained the growth as the control PU. 

Increasing silver concentrations mostly increased antibacterial activity. Silver nanoparticles can 
directly inhibit bacteria growth by ether interacting with the cell wall and gradually destroying the metabolic 
responses or releasing Ag+ ions via oxidative dissolution and bind to thiol groups of proteins. Not only 
proteins in organelles and cytoplasm are denatured, but also the phosphate groups in DNA are destroyed and 
mutated.  Therefore, the denaturation of the proteins and enzymes results in stopping DNA synthesis and 
leads to disruption of the bacterial cell. Therefore, the high increase of silver concentration, the more rate of 
dissipation of Ag+ ions. 

The different temperature, 25, 60 and 80 oC for preparing PU/Ag nanocomposites influenced on 
inhibition of bacterial growth. This is due to at low temperatures, polymer chains are not packed well, 
containing free volumes, which let Ag+ ions easier to produce and release into aqueous solution.

This study revealed the efficacy of antibacterial activities against opportunistic Gram-negative 
bacteria of PU/Ag nanocomposites, which were prepared at different concentrations (100, 500, 1000 and 
2000 ppm) and temperatures (25, 60 and 80 oC) PU/1000Ag exhibited the best antibacterial activity against 
E. coli ATCC 25913, P. aeruginosa, and drug-resistant P. aeruginosa , which gave the EAA about 61, 87 and 
56 %, respectively.  PU/2000Ag showed the best effectiveness of antibacterial activities against P. mirabilis, 
which was 68 %. PU/Ag samples prepared at 25 and 60 oC displayed the greater antibacterial activity against 
opportunistic Gram-negative bacteria than the sample prepared at 80 oC.

Table 1 %EAA of PU/Ag samples prepared at 25 oC

As seen in Table 1, PU/1000Ag provided the best EAA against E. coli ATCC 25913, P. aeruginosa, 
and drug-resistant P. aeruginosa. PU/2000Ag was the best against P. mirabilis. For E. coli ATCC 25913 and 
P. aeruginosa (drug resist), the EAA is in the order of PU/1000Ag > PU/2000Ag> PU/500Ag > PU/100Ag. 
PU/500Ag shows the lowest EAA against P. aeruginosa and P. mirabilis.
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Figure 3 %EAA of PU/1000Ag and PU/2000Ag prepared at temperatures of 25, 60 and 80 oC.

The effect of different temperatures for preparing PU/Ag against bacterial growth was studied and 
shown in Figure 3. The result shows that PU/Ag prepared at 25 and 60 oC had no significant different of 
EAA but was better than the sample prepared at 80 oC for all opportunistic Gram-negative bacteria.
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