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Zone of Inhibition 
 

 
Figure 14. Zone of inhibition images using Pluronic® and Ag NPs with confluent lawns of P. 
aeruginosa. (A) 30 µg/mL Tetracycline (B) 20% NS F-127  (C) 20% ST F-127 (D) 30% F-127 
(E) 20% F-127 with 7.5 hours UV exposure Ag NPs (F) 30% F-127 with 8 hours UV exposure 
Ag NPs.  
 

Table 2. Average diameter of the zone of inhibition tests from Figure 14. 

Treatment 
Average Diameter 

(cm) 
30 µg/ml Tetracycline 0.00 

20% NS F-127 0.90 
20% ST F-127 1.00 
30% NS F-127 1.00 

20% NS F-127+ Ag NPs 1.17 
30% NS F-127 + Ag NPs 1.23 

 
 
Discussion: 
 

Literature outlining methods for creating Ag NPs using Pluronic® suggested using 75% 
(w/w) F-127 to synthesize Ag NPs (Wang 2004). Because of the difficulty of creating an even 
dispersion of F-127 and AgNO3 at such a high concentration, attempts at synthesis using a lower 
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concentration (50% w/w) of Pluronic® were made. UV-vis scans of the resulting gels were 
compared to control solutions of Ag NPs synthesized using the Tannic acid method, Figure 4, 
silver nitrate, and F-127 only. The Tannic acid method yielded a peak centered around 400-420 
nm, which agrees with results in the literature (Callegari 2003). However, no such peak was 
observed with the Pluronic® method, though a large precipitate was present in the bottom of the 
tube suggesting that some reaction was taking place. Further literature review claimed that UV 
radiation can be useful in altering the size and shape of the particles and alter the UV-vis 
absorbance readings (Deivaraj 2005). Subsequent samples were prepared and exposed to UV 
radiation (λ=254 nm, 13 mW/cm2) for variable time periods. It was observed that the 
characteristic absorbance band (400-500 nm) appeared and became more prominent with 
increasing UV exposure, Figure 5. These results were also compared to UV treated silver nitrate 
and Pluronic®, Figure 6. To attempt to establish the cause for this absorbance increase, samples 
were imaged using AFM.  
 

AFM images of the silver nanoparticles obtained by the method above showed a 
dispersion of nanoparticle sizes, Figures 7 and 8. A parameter of interest was the effect of UV 
exposure on the particle shape and size. As previously stated, the absorbance of samples around 
410 nm grew as the UV radiation increased, this suggested that there may be some evolution in 
size, shape or concentration that caused this change. However, no distinct trend in any was 
observed in the AFM images as measured by nanoparticle height over different UV exposure 
times, Table 1. It should be noted that time constraints only allowed for a limited number of 
fields to be scanned and the volumes taken for AFM imaging were very small and may not be 
representative of the remainder of the sample since it cannot be definitively said that the sample 
was well mixed due to the viscosity and thermoreversible properties. More comprehensive 
classification of particle sizes, shapes and concentrations in the sample should therefore be 
attempted before any conclusions as to the effect of UV can be made.  
 

A possible explanation for the increase in absorbance around 400 nm without a 
perceivable evolution in Ag NP size or shape may be an encapsulation of the Ag NP’s by 
Pluronic® polymer adhesion. It is feasible that UV radiation may disrupt this adhesion and reveal 
the actual absorbance signature. Another possible explanation for the increased absorbance could 
be an alteration of the Ag NP oxidation state by the UV radiation.  
 

Two 50 mL solutions of 20% F-127 were prepared. One sample was autoclaved at 120˚ C 
for 30 minutes. Beakers were sealed with aluminum foil and parafilm and placed in the 
refrigerator at 4˚ C. The pH of the sterile (ST) and non-sterile (NS) solutions of F-127 were 
measured using pH strips. The pH of the NS sample was ~5.5 while the pH of the ST sample was 
~5.8. The pH of the 30% Ag NP 8 hour solution was ~4. The pH of the 20% 7.5 hour solution 
was ~4. The pH of the 0 hour Ag NP sample was ~4. The samples with Ag NPs have a lower pH 
than the Pluronic® alone. This could be due to various factors including UV exposure time or 
presence of Ag NPs.  
 

The Kibron, Inc. µTrough S tensiometer instrument was used to test the surface tension 
of F-127. Unfortunately the wells on the instrument were so thin that the cold F-127 began to 
warm too quickly and transitioned to the gel phase before any significant data could be obtained. 
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Unless the tensiometer could be utilized in a cold room, the surface tension of F-127 will not 
used to characterize the gel. 
 

To determine the LCST, all tubes started at a temperature of 20˚ C and four replicates 
were completed for NS and ST 20% F-127 gels 30% F-127 and for each Ag NP preparation. The 
LCST was measured using an infrared temperature sensor. Results can be found in Figure 9. The 
LCST for the 20% F-127 solutions is higher compared to the 30% F-127, and the presence of 
nanoparticles affect the LCST. A two-sided statistical analysis was run with α=0.1 and we 
observed that there was a statistically significant difference between 20% F-127 and 20% F-127 
with Ag NPs. Also, there was a statistical significance between 30% F-127 and 30% F-127 with 
Ag NPs. This suggests that Ag NPs change the LCST.  

 
An interesting phenomenon was observed with the NS gels. The gels would be solid in 

the container but after the compression test turned liquid and required days to re-solidify. This 
trend was not observed in the ST gels. During the autoclave process perhaps the polymers in the 
ST gels were cross-linked and became more stable and solid.  Figure 10 shows the stress vs. 
strain curve of NS 20% F-127 gels. One sample liquefied very quickly and provided different 
results from our other samples. The average elastic modulus was 0.233 MPa. Figure 11 shows 
the stress vs. strain curve of ST 20% F-127 gels. The average elastic modulus was 1.16 MPa. 
The ST gels could withstand greater forces when compared to the NS gels as evident in the 
elastic modulus. A 50 mL 30% F-127 solution was prepared per the above protocol. Figure 12 
shows the stress vs. strain curve for the 30% solution. The average elastic modulus was 2.21 
MPa suggesting that higher concentration of Pluronics® increase the elastic modulus. These data 
were compared to gels impregnated with Ag NPs, Figure 13. A two-sided statistical analysis was 
run at the α=0.1 level and there was not a statistically significant difference between 20% F-127 
and 20% F-127 with Ag NPs. There was, however, a statistical significance between 20% F-127 
and 30% F-127. This suggests that a higher concentration of F-127 results in an increase in 
elastic modulus.  
 

A lyophilized strain of Pseudomonas aeruginosa was obtained from ATCC #27853, 
resuspended in LB media, and spread on LB media agar plates.  After one day’s growth, two 
different colony morphologies were present on the plates.  The two colony types were streaked 
for isolation on new plates and colonies were selected for PCR and sequencing.  A universal 
primer set specific for the 16S ribosomal region was used for PCR and sequencing.  The 
sequence obtained showed 97% homology to various P. aeruginosa strains contained in the 
NCBI genome database.  Freezer stock solutions of the sequence verified P. aeruginosa colony 
were created containing 15% glycerol. 
 

The antimicrobial affect of synthesized Ag NPs was measured using zone of inhibition 
tests. When treated with a 30 μg/mL concentration of tetracycline, which was shown to inhibit 
growth of other pseudomonads, no visible zone of clearing was observed. Pluronics® alone 
slightly reduced growth around the filter paper but no zones of complete clearing were observed.  
The Pluronics® appear to form a non-fouling layer limiting attachment of the microbes to the 
surface of the LB plate. Pluronics® with Ag NPs proved most effective at inhibiting growth 
(Figure 14, Table 2). Multiple zone of inhibition tests were conducted using various UV 
exposure times as well as 20% and 30% solutions of F-127. A two-sided statistical analysis was 
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run at the α=0.1 level and we observed a significant difference between 20% F-127 and 20% F-
127 with Ag NPs. We also observed statistical significance between 30% F-127 and 30% F-127 
with Ag NPs. This suggests that the F-127 with Ag NPs significantly improve the antimicrobial 
properties of the gel.  
 
Timetable: 

Date: Task: 
September 2010 Turn in Senior Design proposal 
September 2010 Test gel preparation methods 
September 2010 Determine if frozen P. aeruginosa stocks are viable 
October 15, 2010 Turn in URCO proposal 
October 2010 Make F-127 gels 
November 2010 Test gel properties 
November 2010 Make Ag NPs with known procedure 
December 2010 Determine antimicrobial properties of gel 
December 2010 Synthesize Ag NPs using F-127 gel 
December 2010 Submit abstract to national research conference 
December 7, 2010  Turn in interim report 
January 2010  Have prepared stocks of gel and Ag NPs 
January 2010  Preliminary Ag NP characterization 
February 2011 Continue characterizing Ag NPs and gel 
March 2011 Test properties of gel and Ag NPs (LCST, antimicrobial activity, etc.) 
April 2011 Analyze data, write final paper, and prepare for final presentation. 
April 15, 2011 Turn in URCO final report 
May 2011 Present final project 
May 2011 Graduation 

 
Communication of Results: 
 

We presented our findings at the IBE Regional Conference at Utah State University in 
October 2010, Research on Capitol Hill at the Utah State Capitol in January 2011, and Utah 
Conference on Undergraduate Research at Weber State University in February 2011.  

In addition we provided weekly summaries of our progress to Dr. Taylor and Dr. Britt.  
We also provided the interim written report of our progress up to December 2010.  By the end of 
April 2011 we will have presented our project to the faculty in Biological Engineering and its 
advisory board.  

 
Benefit of Project: 
 
 The introduction of antibiotics with novel, and improved modes of action is valuable to 
many fields including human and animal health care.  As far as we know, research has been done 
analyzing the effects of combining Pluronics® with antibiotics and antibiotics with Ag NPs with 
desirable antibiotic effects.  But to date, no research has analyzed the effects of combining 
Pluronics® with Ag NPs or combining Pluronics® with Ag NPs and existing antibiotics.  
Additionally, the development of a thermoreversible formulation would allow for 
implementation as a topical solution for presurgical preparation or wound/burn treatment, an 
injectable sub dermal treatment, or into the pretreatment of prosthetic devices implanted into a 
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living system.  The broad antibiotic effects of Ag NPs and Pluronics® are such that the 
development of resistance to these materials by bacteria is less likely.  These broad effects would 
also likely counter existing and problematic multidrug resistant bacteria that plague hospitals and 
care centers.  The development of such a product would prove extremely valuable at present and 
contribute to our existing body of knowledge for further advancement.   
 
Future Studies: 
 
 Future studies could be used to test the gel with Ag NP formulation using mammalian 
cells to test for toxicity. Zone of inhibition tests using antibiotic resistance strains of bacteria 
would be beneficial to see the effects of the gel formulation. Determine concentration of silver 
ions present in the Ag NP with F-127 solution using ICP-MS. It would be interesting to view the 
Pluronic® after exposure to UV using NMR could be used to see if UV exposure changes the 
physical properties of F-127.   

 
Knowledge gained regarding implementation and management of projects: 
 
 We gained an understanding about the importance of getting funding early. At the 
beginning of this project we had to wait several weeks for our funding and therefore could not 
begin any of our experiments. We also learned the importance of dividing tasks. Each of us had 
specific roles and tasks that made the work flow more easily. Along with this division of tasks it 
was important to meet weekly as a group to discuss progress and concerns. For those weeks that 
we lacked funding, it gave us the opportunity to perform a thorough literature review. This 
helped us to understand our protocols better before starting any lab work. Lastly, we observed 
that living organisms are unpredictable and results are never what you expect.  
 
Description of Personnel:  
  
Alex Hatch: During his undergraduate studies, Alex has been involved in research projects 
involving bioplastics. Alex plans to attend medical school after his undergraduate studies and for 
this project has researched nosocomial infections and modes of antibiotic resistance. Alex also 
compiled the aims of our project as well as the benefits.  Alex brings a level of expertise in 
bacterial culturing and aseptic techniques.  Alex focused his efforts in the project to the synthesis 
and characterization of Ag NPs. 
 
Alyssa Calder: Alyssa has been involved in the laboratory of Dr. Anne Anderson and Dr. David 
Britt working with P. putida and P. chloraphis. Alyssa also brings experience in bacteria 
culturing.  For this project Alyssa gathered information and graphical materials related to 
Pluronics® as well as finding methods of characterizing nanoparticles. Alyssa outlined plans to 
communicate results of our project, organized our references, and brings a level of expertise in 
Ag NPs and Pluronics®.  Alyssa focused on creating the thermoreversible gel and characterized 
its properties as described above. Alyssa was also involved with zone of inhibition testing.  
 
Aaron Winder: During his undergraduate studies Aaron has worked in the tissue engineering 
laboratory of Dr. Soonjo Kwon involving breast cancer research. For this project Aaron found 
information relating to antibiotic resistance and modes of antibiotic resistance. Provides expertise 
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in computer programs and formulated the significance and innovation of our design project.  
Aaron also worked on the synthesis and characterization of the Ag NPs for this project. 
 
Cody Gunnell: During Cody’s undergraduate studies he volunteered in the tissue engineering 
laboratory of Dr. Soonjo Kwon researching carbon nanotubes and their effects on stem cell 
differentiation. For this project, Cody gathered information specific to Pluronic® F-127 as well as 
general information about Pluronics® and micelle formation. Wrote the description of personnel 
and provides expertise in cell culture. Cody also worked on creating the thermoreversible gel and 
characterizing its properties. Cody was also involved in zone of inhibition testing as well as 
running statistical analysis of our results.  
 
We plan on utilizing the expertise of Dr. David Britt, PhD for his knowledge involving 
surfactants, biomaterials, and gels.  
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