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Conclusion    

Nerve agent exposure can be detrimental to the body in various ways. 
The nerve agent soman (GD) irreversibly binds to acetylcholinesterase in 
the synapse of  nerve cells causing seizure activity and status epilepticus 
(Johnson, Dao, Geddes, Koemter-Cox, & Kan, 2011). When this occurs, 
central and peripheral upregulation of  cytokines and the infiltration of  
peripheral immune cells activate the inflammatory response in the brain 
(Johnson & Kan, 2010). Inflammation can benefit the body during injury, 
leading to recovery. However, during nerve agent exposure, activity of  
cytokines like Interleukin 1(IL-1) and TNF alpha can exacerbate the 
inflammatory response leading to detrimental brain damage (Ferrara-
Bowens et al., 2017). Scientists have developed knockout (KO) mice 
which create varying degrees of  inflammation for testing. The 
concentrations of  IL-1 and TNF alpha have been tested in these 
knockout mice, but there are certain antigens whose roles in the 
inflammatory process have not been truly defined. One of  these 
molecules is nicotinamide adenosine dinucleotide phosphate (NADPH) 
oxidase, an enzyme that assists with neuronal signaling in the brain. The 
purpose of  this project was to better understand the potential role of  
NADPH oxidase in the neuroinflammatory response by measuring the 
levels of  this antigen in brain tissue that had experienced differing levels 
of  seizure-induced injury. The connection between the upregulation of  
these antibodies in the brain and the neuroinflammatory response can be 
visualized through two methods: immunohistochemistry and 
densitometry. Immunohistochemistry (IHC) is a staining method that 
utilizes a primary antibody that binds to the antigen conjugated with a 
florescent molecule to recognize the antigen in the tissue (Johnson & 
Kan, 2010). Densitometry, which is a method for cell counting, can 
finally quantify the amount of  antigen present in the tissue.

Immunohistochemistry-diaminobenzidine (IHC-DAB), which is an 
extension of  IHC that utilizes the chemical reaction between peroxidase 
and hydrogen peroxide, was used because it causes a quantifiable, brown 
precipitate to form on the antigen (Figure 1). Slides of  wild type (C57), 
IL-1R1 KO (inflammation lessened), and IL-1Ra KO (inflammation 
amplified) tissues from 18 days post exposure with thicknesses of  four 
microns were stained using this method. This procedure began by 
deparaffinizing the slides of  a cross section of  mouse brain tissue with 
xylene and ethyl alcohol. The slides were rinsed in tap and distilled water 
for five minutes each. They were then microwaved in a 10 molar sodium 
citrate buffer for 20 minutes at 99 °C and cooled. Phosphate-buffered 
saline (PBS) was then used to rinse the tissue. After cleaning, the tissue

was incubated for an hour in 10% blocking serum that rids the tissue of  non-
specific binding. The slides were then incubated in avidin and biotin respectively 
for 15 minutes. A primary antibody was applied and incubated overnight. After 48 
hours, the slides were incubated in 3% H2O2 for 15 minutes and then quickly 
rinsed in PBS. They were then incubated in biotinylated secondary antibody for 30 
minutes. An avidin-biotin complex kit was placed on the tissue for one hour. 
Finally, the slides were incubated in DAB at various time points until a brown 
stain appeared on the tissue. DAB recognizes the secondary antibody in the tissue 
coated with peroxidase, and because the reaction is enzymatic, a stain appears. 
Sections were dehydrated, and coverslips were placed on with permount. After 
IHC for all tissue types was complete, a microscope was used to compare the 
staining on the slides qualitatively. The staining was visualized in the four key brain 
regions for neurodegeneration post exposure: hippocampus, thalamus, amygdala, 
and piriform cortex. Finally, densitometry was utilized to measure the amount of  
each antigen present in each tissue type using Image J. 

The purpose of  this project was to determine whether 
neuroinflammation from nerve-agent exposure in mice affected the 
concentration of  NADPH oxidase in the brain. Through 
experimentation, no significant differences were found between levels of  
inflammation and the expression of  this protein across the brain. For this 
study, more than two experiments were completed, however many of  
them failed to provide clear enough staining to use for analysis leaving a 
usable n = 2. There could be many reasons for this including the quality 
of  the DAB, primary antibody, secondary antibody, and block used. Each 
of  these individual portions could be targeted to find which contributed 
to the lack of  usability for the last slides stained. In the future, this 
experiment could be repeated to truly determine the role of  NADPH 
oxidase in the neuroinflammatory response. This understanding can lead 
to new therapies combatting inflammation in brain and other effects of  
nerve agent exposure.
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Results (cont.)
The application Image J was utilized to identify what percent of  the 

tissue contained NADPH oxidase. Each slide was divided into its four 
brain regions, and individual densitometry experiments were run for each 
area. A percent was recorded for each brain region (Graph 1). In this 
experiment, n = 2 with two slides for each animal. Four one-way 
ANOVA tests were run for all tissue types, one for the hippocampus, 
thalamus, amygdala, and piriform cortex. There was no significant 
difference found between the amount of  NADPH oxidase in the wild-
type, IL-1Ra, and IL-1R1 tissues, both control and exposed. 

Figure 1 (right): IHC is a common procedure that utilizes 
the specificity of  antibodies to label an antigen of  
interest in a tissue. The IHC-DAB procedure began with 
the application of  the primary antibody that attached to 
the NADPH oxidase. A secondary antibody that 
recognized the primary antibody was then applied to 
create a greater chance of  visualization of  the protein. 
Finally, peroxidase and hydrogen peroxide created a 
brown precipitate on the sites of  the secondary 
antibodies to visualize the NADPH oxidase in the tissue. 

Graph 1 (above): The graph above is an example of  the distribution of  NADPH oxidase in the brain 
across tissue types with varying degrees of  inflammation. In particular, the graph displays the 
concentration of  this protein in the piriform cortex. Overall, the C57 VC slides had a greater percent 
area of  NADPH oxidase staining than all other tissue types in this brain area. 
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