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Conclusion

All testing was conducted in a 100 cm by 100 cm plexiglass box and 
animal activity was recorded using Any-Maze software. The temperature 
and lighting of the test room were kept constant. 

Each NOR test consisted of three phases – habituation, training then 
testing. In the habituation phase, a rat was allowed X minutes to acclimate to 
the arena without any objects. The training phase occurred one hour later, 
where the rat could explore two identical objects for five minutes. Testing 
occurred two hours later, where the rat could explore a familiar object and a 
novel object for five minutes.

Rats completed a NOR test comparing object material (n = 15: wooden 
objects; n = 13: plastic objects), cleaner (n = 11: AMERSE; n = 11: 70% 
ethanol), object location (n = 12: middle; n = 11: edges), and acclimation 
time (n = 10: 10 minutes; n = 13: 30 minutes). All controls for the NOR tests 
are in Table 1.

The exploration time per object and the total exploration time was 
recorded using a stopwatch. Exploration is defined as interacting with the 
object, with the snout pointed towards the object within two cm. The total 
exploration is the sum of the time spent at the novel and familiar object. The 
times for exploration were utilized to calculate a Discrimination Index (DI) 
(Figure 2). A positive DI indicates greater novel object exploration, a 
negative DI indicates greater familiar object exploration. The variables that 
produced the most marked differences in DI were used to standardize 
conditions for the NOR test in Phase 2.

Phase 2:
Nine (n = 9) rats completed the NOR test with plastic objects placed on 

the edge, cleaned with AMERSE, and a 30 minutes acclimation time, before 
being exposed to soman. The NOR test was also completed ten days after 
soman exposure and treatment with antiepileptic drugs, with the same 
conditions. The exploration was recorded like in Phase 1. The DIs were also 
calculated.

Results 
Wide stream civilian exposure to a nerve agent would create havoc 

as doctors try and save the lives of the unfortunate. The nerve agent of 
interest for this study was soman, which binds to acetylcholinesterase 
(AChE), preventing AChE from breaking down acetylcholine (Figure 
1). The inhibition of AChE allows rapid nerve signals to pass since 
acetylcholine can travel through the synaptic cleft for a prolonged 
period (Center for Disease Control, 2018). Soman exposure can lead to 
status epilepticus (SE), a condition of extended seizures, that can result 
in severe brain damage and subsequent behavioral abnormalities 
(Furtado et al., 2010). 

Researchers at the US Army Medical Research Institute of 
Chemical Defense (USAMRICD) have developed a rat model to 
mimic how a nerve agent seizure casualty may be treated in a hospital 
Intensive Care Unit (ICU) to study the best antiseizure drugs to rapidly 
stop SE and minimize brain damage. To assess the behavioral effects 
of this potential brain damage, soman-exposed rats underwent Novel 
Object Recognition (NOR) testing after recovery (Lueptow, 2017). 
Rats have a natural preference for novelty, therefore if the novel object 
is explored more than the familiar object, then brain function would be 
normal. Since soman-induced neuropathology can result in memory 
and learning deficits, the NOR test was used to behaviorally assess the 
damage. 

The purpose of this project was to determine the best methodology 
for the NOR test and if treatment was effective. A variety of variables 
were systematically assessed to identify which testing procedures 
resulted in the most robust results.

Two-sample t-tests were run on each experiment, determining if the 
difference between each variable was significant. Each with a 95% 
confidence interval, the p-values for the two-sample t-tests between 
wooden vs. plastic, center vs. edge, AMERSE vs. ethanol, and 30 
minutes vs. 10 minutes were 0.224, 0.573, 0.850, and 0.849 
respectively, suggesting there is no significant difference between each 
variable.

This project was conducted in two phases. The first phase evaluated 
NOR test variables to determine the best methods producing consistent 
results. The second phase used these standard methods to evaluate the 
brain function after treatment from soman exposure.
Phase 1:

Sixty-two (n = 62) rats were used, eleven of which participated in 
more than one experiment.

The results from Phase 1 revealed none of the experimental 
variables significantly affected the DI, and rats did not show a 
preference for the novel object under any conditions tested. Also, all 
the results revealed normal behavior, other than object placement at 
the edges, where performance was abnormal and there was a 
difference. This may be explained by the rats being less curious to 
explore. In Phase 2, the DIs before and after soman exposure showed 
no significant difference. Therefore, no memory loss can be detected 
by the NOR test. In summary, the Phase 1 studies showed that none of 
the experimental variables significantly affected or improved the DI. 
The Phase 2 results showed that the NOR test was not sufficiently 
sensitive to the potential change in rat behavior as a result of soman 
exposure. This will be important for further studies to help identify 
more sensitive methods to determine the effects of soman. 

Center for Disease Control. (2018). Facts about soman. 
https://emergency.cdc.gov/agent/soman/basics/facts.asp

Furtado, M. D., Lumley, L. A., Robison, C., Tong, L. C., Lichtenstein, S., & Yourick, 
D. L. (2010). Spontaneous recurrent seizures after status epilepticus induced by 
soman in Sprague‐Dawley rats. Epilepsia, 51(8), 1503–1510. doi:10.1111/j.1528-
1167.2009.02478.x 

Lueptow, L. M. (2017). Novel object recognition test for the investigation of learning 
and memory in mice. Journal of Visualized Experiments : JoVE, (126), 55718. doi: 
10.3791/55718

AcetylcholineSoman

Acetylcholinesterase

Acetylcholine receptor

Figure 1 (left): 
Soman 
inhibiting 
AChE in the 
synaptic cleft 
causing 
seizures.

Vesicle

Experiment Acclimation 
Time

Object 
Cleaner

Object 
Spacing

Object 
Type

Wooden vs. Plastic 10 minutes AMERSE Center -
Center vs. Edge 

Placement 10 minutes 70% Ethanol - Plastic 

AMERSE vs. Ethanol 10 minutes - Center Plastic
30 min vs. 10 min 
Acclimation Time - 70% Ethanol Edges Plastic

Table 1 (above): Phase 1 experiment chart.

Figure 2 (left): 
Discrimination 
Index formula.

DI = 
(novel exploration) − (familiar exploration)

total exploration

Graph 1 (right): A paired t-test was 
run on the difference between pre-
soman and post-soman DIs (M = 
−0.348, SD = 0.526, t(9) = −1.98). 
The p-value was 0.082 with a 95% 
confidence interval, suggesting that 
there was no significant difference 
from zero for the estimation of the 
paired difference. The data falls 
above and below zero. 
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