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A physiologically based description of the inhalation pharmacokinetics of styrene in rats and humans

Ramsey, J. C., and Andersen, M. E. (1984). Toxicol. Appl. Pharmacol. 73(1), 159-175.

The inhalation pharmacokinetics of styrene are modeled for three main reasons:

· To understand and predict behavior of exogenous chemicals in the body

· Explain the relationship between blood concentration and air concentration of an inhaled chemical

· Extrapolate this relationship from experimental animals to humans
Styrene is used as a model molecule because sufficient experimental data exist to validate model results with rats, and for analysis of the scale-up of the model to humans. In brief, the physiological pharmacokinetic model consists of styrene inhaled at a given concentration for a specified time, and then styrene exposure is ceased. Throughout, amounts of styrene in various parts of the system are measured to determine uptake, distribution, metabolism, and excretion of styrene.

In the jsim adaptation of the model described in the above paper, two parameter sets are provided, one for rats and one for humans, though the data for mice are listed in the source code as well. To run this model, first compile the code, then load whichever parameter set is desired, then run the model. For the rat parameters, a plot page is provided that includes by default the Cart and Cf traces. For the human parameters, a plot page is provided that includes by default the Cart and Cexh traces. These plot pages mimic plots found in the source paper.
On the Run Time page are the variables that may be manipulated. All variable are described in the sources code. By default, the model is set to have the subject inhale styrene at a given concentration for 6 hours, at which point exposure to styrene ends and Cinh drops to zero, according to the variable “exp” (exposure time), a variable not explicitly given in the paper. All styrene “Amounts” (i.e. those variables changing differentially with time) are initially set to zero. Body weight has no role in the model equations, per se, but is used for reference to scale the model parameters (e.g. from rats to humans) as described in the paper. 
Some interesting variables to adjust and watch how they affect the results are: the liver:blood and fat:blood partition coefficients, Pl and Pf; the volumes of the liver and fat tissues, Vl and Vf; the relative blood flow to the liver and fat tissues, Ql and Qf; and the metabolic rate of styrene consumption, via the Michaelis-Menton parameters Vmax and Km. Another parameter of interest is the blood:air partition coefficient, N. While it is here defined for styrene, changing this parameter could allow this model to be expanded for modeling the inhalation of other molecules.
See source code for additional description and notes.
