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Abstract:

Chemical warfare nerve agents include highly toxic organophosphorus compounds (OPs) that
inhibit acetylcholinesterase (AChE). This inhibition induces central respiratory depression
and may lead to respiratory failure and death. To better understand the toxicokinetics
of poisoning and to determine the efficacy of drugs to either prevent or treat OP attack,
several mathematical models have been created. We offer a summary of these differential
equation models and their results. Green’s 1958 paper [1] assumes that the body acts as one
homogeneous, well-mixed compartment. His model accounts for the interaction of OPs with
both AChE and a therapeutic agent, and the model also shows what happens if an organism
is then treated with a substance that mediates toxicity by reactivating inhibited AChE.
Maxwell, Vlahacos, and Lenz’s 1988 [2] paper takes a different approach by considering the
body as multiple compartments without the effect of treatment. In particular, these authors
consider the body to be split into plasma, brain, liver, kidney, muscle, diaphragm, heart,
and carcass compartments. Sweeney and Maxwell’s 1999 [4] paper returned to the one-
compartment model presented by Green. The authors ignore exogenous treatment effects
but specifically include hydrolysis of OPs and inhibition of OPs by carboxylesterase, and their
results show the amount of toxins needed to protect against a toxic threat given the innate
protection afforded by a body’s natural carboxylesterase and OP hydrolase stores. Sweeney
and Maxwell follow this paper with another in 2003 [3], in which the one-compartment model
incorporates the protective action of both stoichiometric and catalytic scavengers. We end
this paper with future directions for research, in particular the idea of expanding the multi-
compartment model to include protection by scavengers. This model can then be used to
design experiments and run simulations with high-performance computing.
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