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Abstract:
Methamphetamine (Meth) can evoke extreme hyperthermia, which correlates with both neurotoxicity and death in
laboratory animals and humans. The physiologic and pharmacologic mechanisms behind complex dosedependency
of temperature responses to Meth are not well understood in part due to Meth’s complex pharmacology, which
involves numerous neurotransmitters, receptors, and both central and peripheral sites of action. This complexity
lends itself well to the use of mathematical modeling. The objective of this study was to model the neural circuitry
involved in temperature responses to Meth.
Methods: Rats were implanted with telemetric transducers to record core body temperature. After recovery, we
injected rats with one of three doses of Meth (1, 5, and 10 mg/kg) or a saline vehicle (n=6 for each dose). Based on
the known thermoregulatory circuitry we created an artificial neural network involving three nodes (supramedullary,
medullary and submedullary). These were connected sequentially, and were individually affected by Meth. Each
neuronal population was described as a three layer perceptron. Both absorption from peritoneal cavity and
elimination from blood stream were considered to follow first order pharmacokinetics.
Results: Temperature responses to Meth were complex and dosedependent: Low doses (1 mg/kg) caused an
immediate rise, rapid peak, and short duration of hyperthermia; Moderate doses (5 mg/kg) caused a delayed rise
and peak, but prolonged duration of body temperature increases; High (10 mg/kg) doses caused an immediate rise,
rapid peak, and prolonged increase in body temperature. All model parameters (weights of connections, sensitivity
to the drug, pharmacokinetics and temperature response time constants) were subject to fitting these three time
series. Our model fits the experimental temperature curves within one standard deviation.
Our model suggests that temperature responses to a low dose of Meth involve neuronal excitation at a
supramedullary level. The delay in peak response seen with a moderate dose of Meth involves neuronal inhibition at
the medullary level. Finally, the rapid and robust increases in body temperature induced by a high dose of Meth
involve excitation at the submedullary level.
Conclusion: Our mathematical model reveals that at least three potential neuronal thermoregulatory areas, with
different sensitivities, are required to describe Meth’s unique dosedependent temperature responses. Further
characterizing this model, and the putative neuronal sites of action, may lead to more effective strategies of
prevention and treatment of amphetaminelike stimulantinduced hyperthermia.
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