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Vladimir Brusić School of Medicine and Bioinformatics Center,
Nazarbayev University, Kazakhstan and Depart-
ment of Computer Science, Metropolitan Col-
lege, Boston University, USA

Michele Caselle Department of Physics, Torino University, Torino,
Italy

Radu Constantinescu Department of Physics, University of Craiova,
Craiova, Romania

Oxana Galzitskaya Group of bioinformatics, Institute of Protein Re-
search of the RAS, Russia

Madhavi Ganapathiraju Department of Biomedical Informatics, Univer-
sity of Pittsburgh, USA

Mikhail Gelfand A.A. Kharkevich Institute for Information Trans-
mission Problems, RAS, Faculty of Bioengi-
neering and Bioinformatics, M.V. Lomonosov
Moscow State University, Moscow, Russia

Ernst Walter Knapp Fachbereich Biologie, Chemie, Phar-
mazie/Institute of Chemistry and Biochemistry,
Freie Universitt Berlin, Germany

Sergey Kozyrev Steklov Mathematical Institute, Moscow, Russia
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Abstract

The hypothalamic-pituitary-adrenal (HPA) axis is a dynamic regulatory network
of biochemical reactions that integrates and synchronizes the nervous and the
endocrine systems functions at the organism level. In order to describe how this
vast network of biochemical interactions operates, we have developed a nonlin-
ear eleven-dimensional stoichiometric model that concisely describes key bio-
chemical transformations that comprise the HPA axis in rats. In a stoichiometric
model of a biochemical system, the outcomes of complex biochemical pathways
are succinctly described by stoichiometric relations. In this representation, sub-
stances that initiate, i.e. enter a pathway are regarded to behave as reactants;
substances that are generated in a pathway are regarded to behave as products;
and the rates at which products of a pathway appear are jointly proportional
to the concentrations of the reactants. In order to derive rate constants for spe-
cific biochemical reaction pathways, we have resorted to our recently developed
nonlinear reaction model that concisely describes biochemical transformations
in the HPA axis in humans. In this way, a mathematical framework is developed
to describe in the form of a system of ordinary differential equations (ODEs) the
integration of biochemical pathways that constitute the HPA axis on chemical ki-
netics basis. This, in turn, allows us to use numerical simulations to investigate
how the underlying biochemical pathways are intertwined to give an integral
HPA axis response at the organism level to a variety of external or internal per-
turbators of the HPA dynamics. Given that the HPA axis is a nonlinear dynami-
cal network, its response is complex and often cannot be intuitively predicted,
stoichiometric modeling can be harnessed for gaining additional insights into
dynamical functioning of this complex neuroendocrine system.

Keywords: Hypothalamic-pituitary-adrenal (HPA) axis, rats, nonlinear dynami-
cal network, system of ordinary differential equations
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