
Graphs depicting the evolution of oxygen saturation or blood pressure 
over time and a z-score test for population proportions [n = 29] analyzing the 
effect of SpO2 on survival were generated in Excel. Statistical tests were 
performed in Prism; a mixed-effect model [n = 23] and a Holm-Šídák
multiple comparisons test [n = 23] for SpO2 data and a repeated-measure 
two-way ANOVA and a Holm-Šídák multiple comparisons test for blood 
pressure data.

A z-score test for population proportions found no significant difference 
between the survival of field rats and ICU rats at an alpha level of 0.05. A 
mixed-effects model demonstrated an effect of experimental condition on 
SpO2 [F(1, 21) = 5.149, p = 0.034], but no effect of time or the interaction 
between these two factors. A Holm-Šídák multiple comparisons test found 
no significant differences between experimental conditions at any given time 
point, but a line graph depicting the fluctuation in SpO2 values for each 
group over time shows a general trend of higher readings within the ICU 
group (Graph 1). 

For blood pressure readings, a repeated measures two-way ANOVA found 
no significant effect of drug versus control, systolic versus diastolic 
pressure, or interaction between these factors for any of the four drugs 
tested. A Holm-Šídák multiple comparisons test found a significant 
difference in systolic [p = 0.006] and diastolic [p = 0.009] blood pressure 
readings between PHB and control. A difference in diastolic [p = 0.005] 
blood pressure between MDZ and control was also observed. A bar graph 
depicting the average change in blood pressure when drugs were 
administered shows that anticonvulsants typically led to a mean decrease in 
blood pressure, but variability was large (Graph 2).
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The goal of this study was to research the effect of hospitalization 
on the respiratory and cardiovascular systems of rats exposed to 
soman. First, the results reflect improved oxygen saturation for the rats 
placed in the ICU, which mitigates the respiratory symptoms of nerve 
agent poisoning. Unfortunately, it did not significantly affect survival 
in this study. Second, anticonvulsant administration caused a decline in 
blood pressure; this decrease was only significant in phenobarbital and 
midazolam, suggesting that any patient administered these drugs 
should be monitored for cardiovascular depression. A greater sample 
size might improve results in the future. A follow-up study will 
examine the blood chemistry of the rats administered anticonvulsants 
to determine the effect it has on the bloodstream and its ability to 
transport essential nutrients throughout the body.
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Materials and Methods
Adult male Sprague Dawley rats pre-fitted with jugular vein 

catheters and cortical electrodes were treated with HI-6 oxime thirty 
minutes before exposure to soman. Following exposure, atropine 
methyl nitrate was delivered intramuscularly. Twenty minutes after 
onset of status epilepticus, the rats received atropine sulfate, 2-PAM 
oxime, and midazolam. They were connected to a ThermoCare
Intensive Care Unit (ICU) equipped with a jacketed warming system, 
supplemental oxygen inputs, and modified to include EEG monitoring, 
oxygen saturation (SpO2) monitoring, blood pressure monitoring and 
IV drug delivery (Figure 1). The drugs administered during blood 
pressure testing included midazolam (MDZ), lorazepam, phenobarbital 
(PHB), valproate (VPA), propofol, ketamine, and levetiracetam (LEV); 
data was generated for PHB [n = 5], VPA [n = 5], MDZ [n = 7], and 
LEV [n = 4].

Nerve agents are a class of toxic organophosphates that inhibit the 
enzyme acetylcholinesterase and render it incapable of breaking down 
acetylcholine, a neurotransmitter responsible for the regulation of the 
autonomic nervous system (Newmark, 2007). The buildup of 
acetylcholine overstimulates the muscarinic and nicotinic synapses, 
resulting in a “cholinergic crisis,” causing blurred vision, nausea, 
hypersecretions, respiratory distress, muscular fasciculations, and 
status epilepticus (Reddy et al., 2018). The current expectations for 
treating nerve agent victims include decontamination, supportive care, 
anticholinergic and oxime therapy, and anticonvulsant therapy 
(Newmark, 2007). What is understood about the intricacies of 
treatment is limited.

The purpose of this study was to explore the cardio-respiratory 
effect of therapies that help mitigate the symptoms of nerve agent 
poisoning in rats. Because the cardiovascular system plays an essential 
role in respiratory function by delivering oxygen to affected organs via 
the bloodstream (Arora & Tantia, 2019), it is hypothesized that 
treatments placing the oxygen saturation and blood pressure within a 
healthy range will help improve the condition of the animals.

Figure 1 (right): The rat model is placed 
within the ICU. It is fitted with an O2 port, 
syringe pump, EEG commutator, 
temperature, and humidity monitors. The pre-
hospital environment is located to the left of 
the ICU. Image is courtesy of Dr. Hilary 
McCarren.
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Graph 1 (above): A line graph with standard error depicting the average SpO2 readings over 
time for the ICU and field groups. The ICU group received supplemental oxygen and the field 
group did not. Readings began as soon as the ICU rats were transferred.
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Graph 2 (above): Bar graph with standard error depicting the average difference in 
blood pressure within a ten-minute interval. Solid bars represent readings taken before 
and after an anticonvulsant was administered, pale bars represent readings taken when 
no anticonvulsants were administered.


