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Introduction

Nerve agents (NA) are toxic organophosphates that bind to the 

enzyme acetylcholinesterase (AChE), preventing it from breaking down 

acetylcholine (ACh), a neurotransmitter that regulates the autonomic 

nervous system (Figure 1). The consequent buildup of ACh causes an 

overexcitement of brain circuits and prolonged muscle contractions, 

manifesting as status epilepticus (SE), a condition of continuous seizing 

that results in severe brain damage (McCarren et al., 2018).

Benzodiazepines are the standard medication used to terminate SE. 

However, SE becomes resistant to these drugs when treatment is delayed

(McCarren et al., 2018). Although general anesthetics provide an 

alternative solution, consequent depressed breathing and brain activity 

present significant risks (Aroniadou-Anderjaska et al., 2016). 

Fortunately, dexmedetomidine (DEX) is a promising neuroprotective 

candidate as it does not compromise breathing activity and works 

synergistically with benzodiazepines (Spampanato et al., 2020). 

The purpose of this study was to evaluate the efficacy of DEX in 

minimizing neuronal death in the amygdala, thalamus, piriform cortex 

(PRFC), and parietal cortex (PARC) after exposure to NA. It was 

hypothesized that animals treated with DEX will have a greater neuron 

count compared to saline-treated rats. Furthermore, it was hypothesized 

that the efficacy of DEX will not differ significantly when comparing the 

intranasal (IN) vs. intramuscular (IM) route of administration in male vs. 

female rats euthanized at one, seven, or 14 days after NA exposure.

Figure 1 (left): The 

NA soman inhibited 

AChE, allowing a high 

volume of ACh to 

enter the muscle cell. 

Materials and Methods Results

used to label deoxyribonucleic acid (DNA) to help visualize anatomical 

landmarks. Then, an Olympus virtual slide scanner was used to capture 

digital images of the sections that were uploaded to QuPath for analysis. 

Next, counting frames outlining the amygdala, thalamus, PARC, and 

PRFC were added to each image. Using the cell detection program 

in QuPath, the number of neurons present in each counting frame was 

computed by detecting the presence of both DAPI and Alexa488. Lastly,

each counting frame was reviewed to manually add and remove neurons 

from the total count as the cell detection yielded errors when DAPI and 

Alexa488 were falsely accounted for or remained undetected (Figure 2).

counts of each tested endpoint and sex as p > .05. However, there was a 

significant difference in mean NeuN counts between IM and IN 

administration of DEX as p < .05 (Graph 2).

Conclusion

The purpose of this study was to determine whether DEX was 

effective in protecting the amygdala, thalamus, PARC, and PRFC when 

SE was induced and to conclude whether the efficacy of DEX was 

affected by the route of administration, endpoint, or sex of the rat. The 

results demonstrate the ability of DEX to provide neuroprotection as 

DEX-treated rats had significantly higher NeuN counts than saline-

treated rats under all conditions. Furthermore, IM administration was 

more effective than IN. This may be a result of mucus forming during 

SE, preventing the rats from receiving the correct dosage of DEX when 

given IN. Altogether, the results suggest that DEX could be applied as a 

lifesaving adjunct treatment to benzodiazepines in cases of SE. A future 

study could use these methods to investigate other brain regions to 

differentiate the neuroprotective abilities of DEX. 
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A two-way ANOVA test comparing the NeuN counts of DEX vs. 

saline-treated rats revealed a significant difference as F(1,325) = 404, p

< .001. As seen in Graph 1, DEX-treated rats had a higher mean NeuN

count (M = 754) than saline-treated rats (M = 656). Additional two-way 

ANOVA tests were conducted to compare DEX vs. saline for each sex, 

endpoint, and route of administration. Each test generated a p < .05, 

demonstrating that there was a significant difference between NeuN

counts of DEX vs. saline-treated rats across all conditions.

Tukey’s post-hoc multiple comparisons tests were conducted after 

each ANOVA test. There were no significant differences in mean NeuN

Materials and Methods

A sample (n = 91) of male and female Sprague Dawley rats were 

exposed to the NA soman to induce SE and then treated with DEX or 

saline via IM or IN administration. Then, the rats were euthanized at an 

assigned endpoint of one, seven, or 14 days post-soman exposure. Rats 

were perfused with saline and formalin, then the brains were removed 

and sliced into 10 µm sections. The sections were labeled with an 

antibody for NeuN, a protein that is expressed in all neurons of the brain. 

Alexa488, a fluorescent green secondary antibody, was used to visualize 

the signal. A 4′, 6-diamidino-2-phenylindole (DAPI) blue co-stain was

Figure 2 (left): The purple circles 

represent where the positive cell 

detection identified a neuron based 

on the presence of DAPI and 

Alexa488. The red squares indicate 

neurons that were manually added 

because the positive cell detection 

did not detect the DAPI and 

Alexa488 signal present.

Graph 1 (left): Rats 

given DEX had greater 

neuronal preservation 

than saline-treated rats. 

Mean NeuN is denoted 

by an  on the box-and-

whisker plot.
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Graph 2 (right): 

Rats given DEX IM 

had greater neuronal 

preservation than 

rats given DEX IN. 

Mean NeuN is 

represented by an 

on the box-and-

whisker plot.
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