
The primary function of acetylcholinesterase (AChE) is to break 

down acetylcholine (ACh), a neurotransmitter found in the body which 

transmits signals between nerves and muscles (McCarren et al., 2018). 

When exposed to nerve agents (NA)—an organophosphate (OP) class 

compound—mammals lose the ability to break down acetylcholine due 

to the inhibition of acetylcholinesterase resulting in a period of 

prolonged seizures known as status epilepticus (SE) (Barker et al., 

2019). The purpose of this project was to examine the efficiency of 

dexmedetomidine (DEX) (Figure 1), a Food and Drug Administration 

(FDA) approved short-term sedative that acts as an agonist for ⍺-2 

adrenergic receptors in SE inhibition via intranasal (IN) and 

intramuscular (IM) administration. DEX’s status as an ⍺-2 adrenergic 

agonist implies capability to be used as an anticonvulsant to terminate 

NA-induced SE. This project assessed the behavior of rats before and 

after exposure to soman—the NA of interest for this study—through the 

open field (OF) test (Figure 2a) and the home cage reactivity (HCR) test 

(Figure 2b) following exposure to soman. Post-exposure assessment took 

place either seven- or 14-days after initial exposure (test day). Test 

groups were segregated based on treatment (saline—the control and 

DEX—the experimental). The hypothesis was that after seizure control 

with DEX, there would be no change in HCR or OF test scores 

compared to the pre-exposure baseline.

Test subjects were male and female Sprague-Dawley rats, subjects 

were tested with the HCR test, a test to quantify rat aggression through 

the stimulation of different areas of a rat’s body (Gould et al., 2009). The 

OFT was also used to measure of exploratory behavior through the 

quantification of the number of grooms (the licking of paws and washing 

of face) and rears (standing on rear legs) each rat expressed over a five-

minute interval. After baseline recording, subjects were exposed to 

soman, and either the treatment DEX (n = 25), or the control saline (n = 

17). The post-exposure scores were then recorded at either seven- or 14-

day test days. ANOVA analysis was used on each testing group to 

measure differences in pre- and post- exposure scores. Tukey 

comparison tests were used for post-hoc analysis.
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ANOVA analysis was conducted for the difference in the number of 

rears (Graph 1) and grooms (Graph 2) observed on the OF test as well as 

the total HCR test score (Graph 3), to determine if there was any 

significant change from their pre-exposure measures as a function of 

nerve agent exposure and treatment. The ANOVA for number of rears 

showed there was a significant difference between groups. Subsequent 

evaluation with the post-hoc Tukey test showed the 14-day saline test 

group had significantly greater amount of pre- vs post-exposure change 

in rears scores than the 14-day DEX group. This was primarily due to the 

large variability in the pre-exposure scores of the 14-day saline animals. 

The possibility exists that DEX prevented brain pathology while the 

saline treatment did not (Barker et al., 2019), however this was not 

reflected in a differential change in behavior on these tests.
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Graph 1 (left): The 

difference between pre- and 

post-exposure for 7- and 14-

day open field test scores for 

the observation of number of 

rears following DEX- or 

saline- treatment. The p-

value for the ANOVA test 

for the difference in number 

of rears was significant (F

(3, 38)) = 3.08, p = .03). 

Graph 3 (left): The 

difference between pre- and 

post-exposure home cage 

reactivity scores at 7- and 

14-day following nerve 

agent exposure in DEX- or 

saline-treatment groups. The 

ANOVA test was not 

significant (F (3, 37)) = 

0.36, p = .789). 

Figure 1 (right): Chemical 

structure of DEX (the 

treatment). The benzene 

ring has an amino (NH) 

and nitrogen (N). N

NH

Graph 2 (right): The 

difference between pre-

and post-exposure for 7-

and 14-day open field test 

scores for the observation 

of number of grooms in 

treatment groups following 

DEX- or saline- treatment. 

The p-value for the 

ANOVA test was not 

significant (F (3, 38)) = 

0.77, p = .520). 

The purpose of this investigation was to examine the efficiency of 

DEX as an anticonvulsant drug to terminate NA-induced SE in male and 

female rats after administration by either IN or IM routes. Although in 

past studies, histopathology results from rats generally indicate that 

DEX-exposure resulted in brain preservation (Barker et al., 2019), this 

was not reflected in a differential change in behavior on either test 

between pre- and post-exposure. In addition to the graphed results; 

additional post -hoc Tukey analysis were conducted on all three 

behavioral measures for differences in sex and route of DEX 

administrations. No result was significant. Due to the overall lack of 

statistically significant changes between pre- and post-exposure 

behavioral measures, it was concluded the OF and HCR tests are not 

sensitive to behavioral changes following NA exposure. 
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Figure 2b (left): A graphical representation of the concept 

behind the HCR test. HCR test behavior is quantified using 

through the stimulation of the rat and the rating of the response 

on a scale of aggression.

Figure 2a (left): A graphical representation of the open field 

used in the OF test. OF test behavior is quantified through the 

number of grooms and rears. 
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