
Reactive Nitrogen species: does it kill bacteria in wounds?
RESEARCH QUESTION:

Do reactive nitrogen 
species kill bacteria that
infect wounds?

Results of bacteria death on plates 

Experimental procedure:
● Make Angeli’s salt and DEA/NONOate solutions 

and grow bacteria
● Add 200 mL of each bacteria to the agar plates
● Spread bacteria on each plate and divide 

plates into four quadrants 
● Use Mueller Hinton disk assay to monitor cell 

death as a function of test compound
● Using ampicillin as the control, add one disk 

dipped in each solution and one dry disk
● Observe and measure findings  

Conclusion:
1. At this stage, it is hard to determine if 

my hypothesis is supported or not 
supported.

2. There is limited evidence that reactive 
nitrogen species kill wound-associated 
bacteria but DEA/NONOate is the most 
promising at this stage.

3. If RNS kill wound bacteria, it is likely that 
they would help with wound healing.



Background on bacteria and RNS wound healing 
● Antibiotic resistant bacteria and access to antibiotics make chronic wounds a major problem.

● Broad spectrum antimicrobials, that are not classical antibiotic treatments are needed.

● Reactive nitrogen species (RNS) such as HNO and NO have shown promise in killing bacteria.

● RNS are not stable so donors are needed to generate them on demand.

● RNS donors may be useful for wound healing if applied directly to the wounds



Research question 

Do reactive nitrogen species

prove effective and efficient 

in wound healing?



H1: RNS will kill the bacteria that is 

commonly found in wounds to help 

heal wounds efficiently. 

H0: RNS do not effectively kill bacteria 

commonly found in wounds and do 

not affect wound healing. 

Hypothesis                         Variables 
● Independent- different 

compounds used to kill 
bacteria 

● Dependent- death ring 
caused by the compounds 

● Control- ampicillin was used 
as a control 



Materials                             Procedures 
● Angeli’s salt powder
● DEA/NONOate powder
● NAOH solid 
● Pure water
● Agar plates
● Cell spreaders
● P. aeruginosa PAO1 culture (from wound)
● E. coli DH5 alpha culture
● L.B. broth 
● Filter paper and hole punch 
● Pipette and sterile tips 
● Graduated cylinder
● Disposable 50mL tubes
● Ethanol
● Bleach 
● Cotton swabs 
● Sharpie
● Journal and writing utensil 

1. Gathered materials 
2. Prepared 1M NaOH
3. Prepared 10 mM NaOH 
4. Prepared 1mM Angeli’s salt 

solution
5. Prepared 1mM DEA/NONOate 

solution
6. Streaked agar plates with the two 

bacteria 
7. Started new cultures of both 

bacteria 



Experimental design method one 
1. Divide the plates into four quadrants and label each one using a sharpie
2. Add and spread 200 uL of each bacteria suspension to their own agar 

plates 
3. Immediately punch out 12 filter paper disks using a hole puncher 
4. Soak 3 of each disk into each of the four solutions 
5. Add one disk with each solution to the corresponding quadrant 
6. Let bacteria grow 
7. Collect photographs and record observations each day 



Experimental design method two 
1. Divide the plates into four quadrants and label each one using a sharpie
2. Add and spread 200 uL of each bacteria suspension to their own agar plates 

and allow them to grow overnight 
3. The next day, punch out 12 filter paper disks using a hole puncher 
4. Soak 3 of each disk into each of the four solutions 
5. Add one disk with each solution to the corresponding quadrant 
6. Let bacteria grow 
7. Photograph and record observations



Experimental design method three
1. Divide the plates into four quadrants and label each one using a sharpie
2. Add and spread 200 uL of each bacteria suspension to their own agar 

plates and allow them to grow overnight 
3. The next day, add 50 uL of each solution to the corresponding quadrant 

using a pipette
4. Let bacteria grow 
5. Photograph and record observations



Results of method one and two 
The data for these two methods came back inconclusive so I decided to change my 
approach. In my experiment, the disk assay method did not show any significant signs 
of death rings. The chart was the same for both P. aeruginosa and E. coli.

Key:

No death ring observed: - 

Subtle death ring observed: /

Death ring observed: +

Distinct death ring observed: ++

compound Day 2 Day 4 

NaOH - -

Angeli’s salt - -

DEA/NONOate - -

Ampicillin - -



Results of method three- P. aeruginosa 
Key for chart:                                                Key for graph:
No death ring: -                                                                                no death ring: 1

Subtle death ring: /                                                                          subtle death ring: 2 

Death ring: +                                                                                     Death ring:3

Distinct death ring: ++                                                                     Distinct death ring: 4

compound Day 2 Day 4 

NaOH / -

Angeli’s salt / -

DEA/NO + +

Ampicillin ++ +



Results of method three- E. coli 
Key for chart:                                                Key for graph:
No death ring: -                                                                                no death ring: 1

Subtle death ring: /                                                                          subtle death ring: 2 

Death ring: +                                                                                     Death ring:3

Distinct death ring: ++                                                                     Distinct death ring: 4

compound Day 2 Day 4 

NaOH - -

Angeli’s salt - -

DEA/NO / /

Ampicillin + ++



Conclusion                         Continuation 
The method used at this point of the experiment 
does not provide sufficient, quantitative data to 
enable a clear graph of data. Looking at the 
experimental methods it has been made clear 
that the disk assay method does not help to 
provide any data for my experiment. The direct 
drug application has so far been the most 
effective method used to produce data that can 
be evaluated. With this information, we can 
reform our experimental design and collect more 
data as we continue with the project, however, as 
of right now this data does not provide enough 
information to form an adequate statistical 
analysis and conclusion. 

To continue this project and get reliable data, 
in the next phase of the trials I will use liquid 
cultures instead of agar plates to increase the 
access of the drug to the bacteria. I would 
also use reactive nitrogen donors with longer 
half lifes. This would allow the drug to survive 
on the bacteria culture longer and extend 
period of testing to allow for more accurate 
data. If this is proven to work, I will move on 
to testing on pig skin samples.
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