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In-situ light triggered synthesis of silver nanoparticles was 

employed for their incorporation within the polymeric 

matrices of medical grade polyurethane. The resulting 

materials showed improved antibacterial and antibiofilm 

activities against Pseudomonas aeruginosa with negligible 

toxicity for human primary skin cells and erythrocytes. 

 

 

 

 
 

 

 
Scheme 1. Main steps involved in the preparation of AgNP@PU. (a) PU medical 

grade catheter (350 mg) was dissolved in THF (6.0 mL) and a solution of AgNP 

precursors (10 mL) containing I-2959 (0.1 mmol), CF3COOAg (0.1 mmol) and 

cyclohexylamine (1.0 mmol) were mixed in a Petri dish and  left  to  dry  for  24 

hours in dark. The material was then introduced in a round bottom  quartz flask 

with a septum (b) Vacumm-N2 steps were made my means of a Schlenk line and 

irradiated with UVA for 60 seconds under the N2 atmosphere; (c) The film was 

thoroughly washed with ethanol (50 mL x three times); (d) Final washed  was 

carried out with PBS (25 mL x twelve  times). 
 

 



  
 

 

 

cross section of a AgNP@PU film that was cut for the SEM imaging. The left side    

of the image shows the top edge for the  film. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure  1.  Representative  absorption spectra for  medical  grade  PU films (250±50 

µm thickness, red circles) or AgNP@PU (black circles). The  inset  image 

corresponds to a picture of AgNP@PU (5 cm diameter). All measurements were 

carried out at room temperature using 6 mm diameter circular   pieces. 

 
 
 
 
 
 
 
 

 
Table 1. Selected pro perties for Ag NP@PU materials prepared in this work. 

 
Sample code 

 
Tg/ºC 

 

FT-IR (cm-1)††
 

Control PU -78±2.0 3380-3225 m (-CO-NH- and R2- 

NH); 2910 and 2850 s (R2- 
CH2); 1720 s (R-CO-O-N-R2) 

AgNP@PU-1†
 -77±1.0 3375-3220 m (-CO-NH- and R2- 

NH); 2915 and 2860 s (R2- 
CH2); 1725 s (R-CO-O-N-R2) 

AgNP@PU-2†
 -78±1.0 - 

 

†AgNP@PU-1 and 2 were prepared using 15 mg Ag/g PU but for the -1 

sample the UVA exposure time was 60 s while for -2 only 40 s were 

employed. †† Signal intensity strong (s) and medium (m). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. (A) Human skin fibroblasts cell number measured at different time 

intervals after cell seeding on PU films without (control) or containing two  

different  silver   concentrations  (7.7   and   15   mg  Ag/g  PU).   Experiments  were 

       carried  out by quadruplicated. (B) Hemolysis percentage for human    erythrocytes 
incubated for 24h at  25ºC in the presence  of polyurethane films without AgNP  

(PU control) or containing 15 mg Ag/ g PU (AgNP@PU-1 or AgNP@PU-2, see 

footnote Table 1). Controls (+) and (-) correspond to experiments where the cells 

were completely hemolyzed using sonication and for cells incubated without any 

additive/polymer, respectively. The  numbers  on the top  of the  bars are the    cell 

number  density  (106   cells/mL)  measured  in  the  cell  suspension  after  the   24h 

incubation. The p values correspond to Student two tails t statistic analyses that 

were carried put for the cell density values. Experiments were carried out by 

quadruplicate and cell counting values  measured  in  duplicate  of  each 

independent sample. 

 
 
 

 
Figure 2. (A) Representative Cryo-SEM image obtained on the surface of a 

AgNP@PU film (15 mg Ag/g PU). Metal silver appears as white spots. Inset shows    

a  selected  area  of  the  polymer  with  a  higher  zoom.  (B)  Cryo-SEM  image  of a 
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Figure 4. (Top) 630 nm light scattering expressed as absorption measured after      

18 or 24h incubation at 37ºC of Pseudomonas aeruginosa cultures at initial 

densities of 1x105 cfu/mL in enriched arginine cell culture medium (M63). Error  

bars correspond to the  standard  deviation  from  four  independent  samples. 

Inset: Survival bacteria colonies sampled at 24h  incubation  for  the  control  

sample (PU) or for the films  containing  silver  nanoparticles  (AgNP@PU).  

(Bottom)  Colony  forming  units  (cfu)  of  PA14  biofilms  grown  on   polyurethane 

films without ot with AgNP (PU and AgNP@PU respectively). PA14 biofilms were 

grown on 11 mm  PU (n=19)  and PU +  AgNP (n=17)  discs for  16.5 hours through 

an ALI assay at 37˚C. Biofilm cells were removed from the tablets via sonication 

before being enumerated by a spot titer  assay.  After four  biological  replicates, 

the colony forming units were averaged. Error bars correspond to the standard 

error. The corresponding p-value for a two-sided Student’s t-test comparing the 

means of the two populations is  <0.01 

 

 

Conclusions 

(1) Donlan, R. M. Emerg. Infect. Dis. 2001, 7, 277. 

(2) Stickler, D. J. Biofouling 1996, 9, 293. 

(3) Pittet, D.; Tarara, D.; Wenzel, R. P. JAMA 1994, 271, 1598. 

(4) Darouiche, R. O.; Raad, I. I.; Heard, S. O.; Thornby, J. I.; 

Wenker, O. C.; Gabrielli, A.; Berg, J.; Khardori, N.; Hanna, H.; Hachem, 

R.; Harris, R. L.; Mayhall, G. N. Eng. J. Med. 1999, 340, 1. 

(5) Janum,  S.;  Zingg,  W.;  Classen,  V.;  Afshari,  A.  Crit.  Care 

2013, 17, 12. 

(6) Raad, I.; Mohamed, J. A.; Reitzel, R. A.; Jiang, Y.; Raad, S.; 

Al Shuaibi, M.; Chaftari, A. M.; Hachem, R. Y. Antimicrob. Agents 

Chemother. 2012, 56, 935. 

(7) Jamal, M. A.; Rosenblatt, J. S.; Hachem, R. Y.; Ying, J.; 

Pravinkumar, E.; Nates, J. L.; Chaftari, A. M. P.; Raad, II. Antimicrob. 

Agents Chemother. 2014, 58, 1179. 

(8) Bong, J. J.; Kite, P.; Wilco, M. H.; McMahon, M. J. J. Clin. 

Pathol. 2003, 56, 731. 

(9) Varner, K. E.; El-Badawy, A.; Feldhake, D.; Venkatapathy, R. 

“State-Of-The-Science Review: Everything NanoSilver and More,” U.S. 

Environmental Protection Agency, 2010. 

(10) Eckhardt, S.; Brunetto, P. S.; Gagnon, J.; Priebe, M.; Giese, B.; 

Fromm, K. M. Chem. Rev. (Washington, DC, U. S.) 2013, 113, 4708. 

mailto:scaiano@photo.chem.uottawa.ca
mailto:emilio@photo.chem.uottawa.ca
mailto:marmarin@qim.upv.es


COMMUNICATION Journal Name 
 

 

 

(11) Alarcon, E. I.; Udekwu, K.; Skog, M.; Pacioni, N. L.; 

Stamplecoskie, K. G.; Gonzalez-Bejar, M.; Polisetti, N.; Wickham, A.; 

Richter-Dahlfors, A.; Griffith, M.; Scaiano, J. C. Biomaterials 2012, 33, 

4947. 

(12) Alarcon, E. I.; Bueno-Alejo, C. J.; Noel, C. W.; Stamplecoskie, 

K. G.; Pacioni, N. L.; Poblete, H.; Scaiano, J. C. J. Nanopart. Res.   2013, 

15, 1374. 

(13) Simpson, M. J.; Poblete, H.; Griffith, M.; Alarcon, E. I.; 

Scaiano, J. C. Photochem. Photobiol. 2013, 89, 1433. 

(14) Vignoni, M.; Weerasekera, H. d. A.; Simpson, M. J.; Phopase, 

J.; Mah, T.-F.; Griffith, M.; Alarcon, E.; Scaiano, J. C. Nanoscale 2014, 

10.1039/C4NR01284D 

(15) Hsu, S.-h.; Tseng, H.-J.; Lin, Y.-C. Biomaterials 2010, 31, 

6796. 

(16) Liu, H. L.; Dai, S. A.; Fu, K. Y.; Hsu, S. H. Int. J. 

Nanomedicine 2010, 5, 1017. 

(17) Crespo, J.; García-Barrasa, J.; López-de-Luzuriaga, J.; Monge, 

M.; Olmos, M. E.; Sáenz, Y.; Torres, C. J. Nanopart. Res. 2012, 14, 1. 

(18) Gao, J.; Qu, R.; Tang, B.; Wang, C.; Ma, Q.; Sun, C. J. 

Nanopart. Res. 2011, 13, 5289. 

(19) Roohpour, N.; Moshaverinia, A.; Wasikiewicz, J. M.; Paul, D.; 

Wilks, M.; Millar, M.; Vadgama, P. Biomed. Mater. 2012, 7, 015007. 

(20) Scaiano, J. C.; Netto-Ferreira, J. C.; Alarcon, E.; Billone, P.; 

Bueno Alejo, C. J.; Crites, C.-O. L.; Decan, M.; Fasciani, C.; González- 

Béjar, M.; Hallett-Tapley, G.; Grenier, M.; McGilvray, K. L.; Pacioni, N. 

L.; Pardoe, A.; René-Boisneuf, L.; Schwartz-Narbonne, R.; Silvero, M. J.; 

Stamplecoskie, K.; T-S., W. IUPAC 2011, 83, 913. 

(21) Maretti, L.; Billone, P. S.; Liu, Y.; Scaiano, J. C. J. Am. Chem. 

Soc. 2009, 131, 13972. 


