
Slides were selected from both control, TBI, and GD exposed knock-

in/knockout (KIKO) mice. The optimal slide for CA1 peak cell layer 

thickness measurements in micrometers (µm) was chosen (Figure 2 and 3).
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The purpose of  this experiment was to quantify damaged brain cell 

tissues, using hematoxylin and eosin staining (H & E), of  mice who were 

exposed to soman (GD) or given traumatic brain injury (TBI) to create a 

model so histological changes could be determined. This research will help 

determine the histological changes that occur after the mouse brain is 

exposed to TBI or chemical warfare nerve agent (CWNA) and will later be 

compared to the polytrauma model. The null hypothesis was that the cell 

layer thickness of  the control and injury models were equal.

A bump, jolt, blow, or penetrating wound to the head causes TBI, which 

affects and alters how the brain works. From 2000 to 2019, over 400,000 

United States military personnel experienced TBI worldwide, with 82.8% 

of  cases being considered mild, 9.8% moderate, 2.3% severe, and 5.1% 

inconclusive (Cohen Veterans Bioscience, n.d.). The United States Army 

expects an increase in the likelihood of  severe TBI to occur concurrently 

with CWNA exposure. Controlled cortical impact (CCI) models induce 

traumatic brain injuries ranging from mild to severe (Osier & Dixon, 2016). 

The machine utilizes a rigid impactor which rapidly accelerates to deliver 

mechanical energy to an exposed dura (Romine et al., 2014).

The human-engineered nerve agent GD is an organophosphate 

compound that interferes with acetylcholine signals that are sent to vital 

organs and parts of  the body from the brain. The messages are short-

circuited at nerve endings which causes hyperactivity to stimulation from 

nerves. Exposure to GD may lead to symptoms such as chest tightness, 

nausea, rapid breathing, loss of  consciousness, paralysis, convulsions, and 

respiratory failure. Below is the timeline prior to data collection (Figure 1).

Two one-way ANOVAs with Tukey’s post-hoc tests were utilized to 

determine if there were any statistically significant differences between the 

mean cell thicknesses of the CA1 peak comparing GD or TBI injuries 

(Graphs 1 and 2).

The control and TBI injury mice had six to 18 cell thickness 

measurements per slide, three to nine on the ipsilateral (injury) side and 

three to nine on the contralateral (non-injury) side. The average of the 

three to nine measurements was determined for the ipsilateral (Ipsi) and 

contralateral (Contra) sides of the brain per animal. The CWNA exposed 

mice are split into three groups: seizure (GD SZ), convulsion, and 

asymptomatic (GD None). Since GD causes a bilateral injury, all six to 18 

measurements was averaged per animal. The average was determined of all 

the mean cell thicknesses from each animal in each group. 

Indirect fluorescence immunohistochemistry was utilized to visualize 

activation states of astrocytes and neurons after injury. The brain tissue 

sections were labeled with a primary antibody (Ab) for glial fibrillary acidic 

protein (GFAP) or neuronal nuclear protein (NeuN) then with a secondary 

Ab conjugated with a fluorescent marker that emitted a specific color 

wavelength when exposed to light (Figure 4). 

This study was conducted to serve as a basis for evaluating novel 

therapeutic treatments to treat injuries as a result of  TBI and CWNA 

exposure. This will lead to further research on the development and 

effectiveness of  CWNA and TBI treatments; the research would look at 

treatment compatibility, safety, and efficacy. This will help medics by 

providing guidance on how to treat casualties and prolong the survival rate 

of  those who were exposed and injured as a result of  nerve agent 

exposure, which occurs in conjunction with explosive ordinance. The data 

revealed that TBI injury had a significant effect on the cell thickness of  the 

CA1 region of  the hippocampus while GD did not. As the severity at the 

impact site increased, the cell layer decreased in size.
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Graph 1 (left): A one-way ANOVA 

demonstrated a significant effect of  the 

treatment on the mean cell thickness at the 

alpha level of  .05 for the six groups [F(5, 

37) = 14.86, p < .001]. Tukey simultaneous 

tests for differences of  means indicated a 

significant difference in the mean cell 

thickness measurements between TBI 0 

and 1.0 Ipsi (p < .001), and TBI 0.5 Ipsi 

and TBI 1.0 Ipsi (p = .034). Comparisons 

were made across injuries on the same side 

(for example, all contralateral or all 

ipsilateral).

Figure 1 (above): Prior to CCI injury and CWNA (GD) exposure, the polytrauma team 

implanted EEG transponders to monitor seizure activity and made a craniotomy for the 

TBI procedure. Mice experienced mild or severe TBI. Control mice underwent the same 

procedure except for the CCI impact. Then were injected with GD. Red lines represent 

saline dosages, blue lines represent each individual dose of TXA (tranexamic acid, pro-

clotting drug), 2PAM (pralidoxime, removes GD from acetylcholinesterase), ATS 

(atropine sulfate, anti-cholinergic) and MDZ (midazolam, anti-convulsant).
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Figure 2 (left): Coronal view of  H 

& E stained mouse brain section. 

The dark purple identifies the 

nuclei of  the cells which form the 

hippocampus. Three to nine 

measurements were taken 

perpendicularly to the peak 

measurement within 100 µm of  

the apex of  the CA1 cell layer. 

The vertical bar represents a single 

cell layer thickness measurement.

Graph 2 (left): A one-way ANOVA 

demonstrated no significant effect for GD 

injury groups [F(2, 20) = .29, p = .755]. The 

‘×’ represents the mean.

Figure 3 (below): Increasing severity of  the injury decreased cell layer thickness of  the 

CA1. The rightmost panel was a GD convulsion (GD Con) brain that had eosinophilic 

(purple) cells, indicating cell death. Smaller inset in right panels have a scale bar of  20 µm.
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Figure 4 (left): Confocal microscope image 

of  NeuN labeling neurons at a 60×

magnification (A and B). Nuclei of  present 

cells were stained with DAPI (4′,6-

diamidino-2-phenylindole) in blue. Confocal 

microscope image of  GFAP labeling at a 

60× magnification (C and D). Astrocytes, 

normally smaller with thinner processes, are 

shown to be hypertrophic and activated in 

injured brains.
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