
of these animals were downloaded onto a hard drive. Each file was then 
downloaded to NeuroScore™ and the power for each band was retrieved 
and exported into Excel for every animal, as shown in Figure 1. The EEG 
power from NeuroScore™ was sorted into 10-second intervals for each 
band and the average power for each band was calculated for 10-minute 
sampling periods, before, during, and after seizure onset. For each agent, 
age, and sex group, the data from each individual band was compared 
across the sampling periods. The data was first evaluated with the 
Shapiro-Wilk normality test. If the data was normally distributed, it was 
then evaluated with a parametric One-way Repeated-Measures Analysis 
of Variance (ANOVA) and the means were reported. If the Shapiro-Wilk 
test failed, the data was evaluated using Friedman Repeated-Measures 
ANOVA on Ranks and the medians were reported. These tests measured if 
there was a significant difference ( p < 0.05) between the means or 
medians of an individual band during the sampling periods. If the initial 
test was significant, a pairwise test was used (Holm-Sidak for the ANOVA 
test; Tukey test for the Friedman). Multiple comparisons were evaluated, 
including before vs. during, before vs. after, and during vs. after.
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Figure 1 (above): EEG record of a nerve agent-induced seizure in a PND70 male rat. VX was 
administered at the arrow. This record shows the raw EEG signal, before the different 
frequency bands have been separated and exported into Excel.

Graph 1–2 (left): The 
means of the bands in 
two different rat groups 
are shown. In Graph 1 
of a mature rat group 
(PND 70, n = 13 ) the 
EEG power in every 
band during the seizure 
was significantly 
greater than the other 
two periods. In Graph 2 
of an immature rat 
group (PND 21, n = 14) 
no significant changes 
in the Theta and Alpha 
bands are shown across 
the three time periods. 
Error bars display 
standard error.

Introduction
Nerve agents are toxic chemicals that pose a threat to soldiers 

and civilians alike. These agents bind to the active site of the 
enzyme acetylcholinesterase and inhibit the degradation of the 
neurotransmitter acetylcholine, resulting in the initiation of 
prolonged seizures, which frequently result in death. A previous 
study investigated these seizures and brain pathology in response 
to exposure to two different nerve agents, sarin (GB) or VX. 
Experiments surrounding nerve agent testing will help to improve 
treatments and therapies for nerve agent induced seizures. Very 
few experiments have examined if there should be a difference in 
treatment for older individuals compared to younger individuals. 
It has been commonly thought that the pediatric population is 
more susceptible to seizures than adults. However, the opposite 
was found in an experiment on age-dependent behaviors and 
seizure severity (Scholl et al., 2018). The study found that 
neuronal injuries associated with seizures increased as the age of 
the animal increased. These results suggest that therapies 
administered to pediatric seizure patients may not be the same as 
adults (Haines et al., 2019). Because of this, an animal model was 
needed to test the efficacy of novel treatments of nerve agent 
seizures in different aged individuals. The purpose of this study 
was to determine if the development of electroencephalographic 
(EEG) seizure activity differs as a function of the nerve agent 
used or of developmental age or sex of the subject.

Materials and Methods
The materials needed for this experiment were computer 

programs NeuroScore™ and Excel. The main component of this 
study was working with computer files of rat EEGs. The 
NeuroScore™ program performs a power spectral analysis of the 
raw EEG signal and can provide a numeric value for the amount 
of energy within each individual frequency. Testing with nerve 
agents and anticonvulsant drugs had previously been conducted. 
Male and female rats of three different developmental ages, 
postnatal day (PND) 21, 28, and 70, had EEG data recorded 
before, during, and after the animals developed seizures, and the 
data was stored on a computer for subsequent analysis. Next, 12-
18 animals were identified in each nerve agent, age, and sex 
condition, making 12 distinct groups. The EEG files for each

Materials and Methods (cont.)

Results
For each nerve agent, age group, and sex there were 5 bands examined, 

for a total of 60 for all the groups. Overwhelmingly (50 of 60 tests 
significant), the EEG power in almost every band during the seizure was 
significantly greater than the other periods. For instance, in group PND 70 
Male (M) VX, in the Alpha band, it was found that F(12, 24) = 9.645, p = 
0.001, and that the means during the seizure were greater in this band than 
before the seizure. An example of this result can be seen in Graphs 1 and 
another example, PND 21 GB M, can be seen in Graph 2. This effect was 
apparent (19 of 20 tests significant) in PND 70 animals, followed by PND 
28 animals, and was not influenced by nerve agent or sex. However, in the 
immature age group, PND 21 animals, no changes in the Theta and Alpha 
bands were shown with either nerve agent across the periods.

The purpose of this project was to determine if the 
development of seizure activity differed as a function of nerve 
agent type, developmental age, or sex. It was found that 
developmental age had the greatest effect. The changes in EEG 
power in the different bands were most robust and virtually 
identical in PND 28 and PND 70 animals. In the PND 21, this was 
not the case as seizure response to the agents were not 
accompanied with increases in EEG power in the Theta and Alpha 
bands. These results add weight to the findings of the Scholl et al. 
(2018) study which concluded that nerve agent seizure activity 
was much more difficult to elicit in younger animals and may be 
neurophysiologically different than seizure in mature animals. 
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