
A one-way ANOVA was performed across all groups of  mice for each 
region of  the brain. There were significant differences within all groups 
in the hippocampus, F(9, 26) = 4.97, p = 0.0006, and in the piriform 
cortex, F(9, 26) = 2.87, p = 0.0172. Graph 1 depicts the stained cells 
containing iNOS in the hippocampus. Sidak’s multiple comparisons test 
as a post-hoc analysis calculated a p-value of  0.0359 between TNF-α GD 
males and females in the hippocampus.

The slides were allowed to incubate in an avidin-biotin complex (ABC) kit, a 
solution of  horseradish peroxidase (HRP)-conjugated streptavidin and biotin 
diluted in PBS, for an hour. DAB diluted in DI water was added to each slide, 
and after reaching the desired stain intensity, the slides were dehydrated using 
alcohol baths increasing in concentration. Finally, Permount was added to the 
tissues before placing a coverslip. Figure 1 outlines the process on the 
microscopic level.

After scanning the slides, the images were adjusted to grayscale in 
Photoshop®. Through ImageJ, densitometry was performed on four regions of  
the brain as shown in Figure 2.
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Introduction
As chemical warfare agents become more common on the battlefield, 

more effective therapies must be developed for not only soldiers, but also 
civilians. It may also be necessary to establish individualized treatments as 
one gender may be more sensitive to the effects of  chemical warfare 
agents than the other. In search of  an improved therapy, the purpose of  
this study was to minimize soman (GD)-induced brain injury by 
inhibiting neuroinflammation.

GD is a chemical warfare nerve agent that permanently binds to 
acetylcholinesterase (AChE). Typically, AChE catalyzes the breakdown of  
acetylcholine (ACh), a neurotransmitter, but by inhibiting the enzyme, 
GD causes an accumulation of  ACh. This precipitates uncontrollable 
seizures, which leads to excitotoxicity and cell death, and permanently 
deteriorates cognitive ability (Johnson and Kan, 2010). Inflammation is 
initiated following damage, but while inflammation aids in the healing 
process, it can damage healthy cells. To inhibit inflammation, knockout 
(KO) mice missing key inflammatory proteins related to Tumor Necrosis 
Factor-α (TNF-α) were compared to normal wild-type mice. TNF-α is an 
inflammatory cytokine produced by macrophages (Pasparakis, 
Alexopoulou, Episkopou, & Kollias, 1996) . TNFR1A, a receptor for 
TNF-α, initiates a positive feedback loop of  increasing inflammation. 
Conversely, TNFR1B, another receptor for TNF-α, triggers a negative 
feedback loop to decrease inflammation, including the release of  
neuroprotective cytokines. This project employed 3,3'-diaminobenzidine 
(DAB) during immunohistochemical staining to produce a visible brown 
precipitate depositing at antibody-bound-antigen sites. Densitometry was 
also utilized to provide a quantitative analysis of  cells positively stained 
by DAB.

Methods and Materials
Prior to this study, mice from all strains were exposed to a convulsive 

dose of  GD following a dose of  oxime HI-6 dichloride dissolved in 
saline for up to 24 hours. The vehicle control of  each strain of  mice 
received a dose of  saline following a dose of  oxime HI-6 dichloride 
dissolved in saline for the same time constraint. Using alcohol baths 
decreasing in concentration, slides of  brain tissue slices were 
deparaffinized. Following a rinse in deionized (DI) water for 10 minutes, 
the slides were heated in warm citrate buffer for 15 minutes at 98 °C. For 
an hour, the slides incubated in 10% blocking goat serum. Then, the 
slides incubated in avidin and biotin. After adding the primary antibody 
for iNOS diluted in blocking serum in a 1:200 ratio, the slides were left 
overnight. On the second day, the slides incubated in 3% hydrogen 
peroxide for 15 minutes and then biotinylated secondary antibody diluted 
in phosphate buffered saline (PBS) in a 1:200 ratio for 30 minutes.

Methods and Materials (cont.)

Figure 1 (right): The labeling of  iNOS
using DAB immunohistochemistry. A 
complex of  primary antibody, 
biotinylated secondary antibody and 
ABC kit reacted with DAB to form a 
dark brown colorimetric stain at the site 
of  iNOS expression.

Figure 2 (left): 
Coronal section 
of  mouse brain 
showing iNOS
labeled with 
DAB. Areas 
prone to GD-
induced injury 
are highlighted.
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Results
Within the vehicle control (VC) groups, a one-way ANOVA determined that 

there were significant difference between the groups in the hippocampus, F(2, 7) 
= 53.73, p < 0.0001, and the piriform cortex, F(2, 6) = 52.95, p = 0.002. Using 
Tukey’s multiple comparisons test as a post-hoc analysis, there was a significant 
difference between wild-type VC male mice and TNF-α VC male mice.

Within the GD groups, a one-way ANOVA determined that there was no 
significant difference between the groups in all the four regions of  the brain. 
Regardless, Tukey’s multiple comparisons test as a post-hoc analysis determined 
there was a significant difference between C57BL/6J GD male mice and TNF-α
KO GD male mice in the piriform cortex, p = 0.0475.

Results(cont.)

Graph 1 (above): The percent area of  cells containing iNOS in the hippocampus (N = 36).
* p < 0.05 across TNF-α KO GD, and *** p < 0.001 across the VC groups.

Conclusions
The purpose of  this study was to determine whether interfering with 

the TNF-α signaling pathway to inhibit inflammation reduced brain 
injury from GD. There was a significant difference in the hippocampus 
between TNF-α KO GD males and females. There was also a significant 
difference across the VC groups in the hippocampus and piriform cortex 
but not in GD groups, suggesting that while inflammation started lower 
in KO mice, all groups eventually had the same levels of  inflammation 
after exposure. These data suggest that inflammatory cytokines besides 
TNF-α continued the process of  neuroinflammation in the absence of  
TNF-α. This may include cytokines such as IL-1 and IL-6, which are 
involved in the acute phase response of  the inflammatory process 
(Johnson & Kan, 2010). Small sample sizes, DAB stain variability, and 
failed DAB staining were issues during this project that should be 
improved in the future.
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