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Abstract

The pre-Bétzinger complex is a kernel part in brainstem region that generates respiratory rhythm,
and it is the center in control of respiratory pattern in mammals. In this paper, based on the Butera
model, two-coupled neuron networks including the dynamics of calcium ion in the Pre-Boétzinger
complex are studied. The generation mechanism and synchronous discharge of mixed bursting are
studied. The results show that periodic fluctuation of calcium ions has a great influence on the
generation of the mixed bursting, so as the relative position of bifurcation curves.
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Figure 1. Changes of mixed-mode bursting and concentration
of calcium ions with time t when the parameter gy, = 5 nS.
The black and red curves represent the change of membrane
potential and t of concentration of calcium ion with time t
respectively. See Appendix for other parameters
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Figure 2. Curve of membrane potential with time t when (a) gy, = 10 nS, which is a single mode bursting. (b) gy, = 28 nS,
which is a mixed-mode bursting
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Figure 3. gy, = 5 ns, (a) Changes of concentration of calcium ions with time t. Here we mark the nearly steady state as par-
tial I, and the bump as partial II. (b) Curve of membrane potential '} with time t, and the curve of concentration of calcium
ion with time t is also superimposed on the graph. Correspondingly, the first and the second bursting in the mix mode burst-
ing are marked as bursting I and bursting II respectively
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Figure 4. (a) Bifurcation diagram of the fast subsystem, the trajectory of the system (green) is also superposed on it. The
bursting type is “fold/homoclinic” bursting with gy, = 5 nS. Where supH1 and supH2 are Hopf bifurcation points, F1, F2,
HC and LPC denote saddle-node bifurcation, homoclinic bifurcation and limit saddle-node bifurcation of limit cycle respec-
tively. (b) Bifurcation diagram of fast subsystem with different concentration of calcium ion, in which the black curve indi-
cates the concentration of calcium ion at [Ca;] = 0.034 nS, and the red curve indicates [Ca;] = 0.8 nS
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Figure 5. gy, = 5 ns, (a) Mixed-mode bursting. (b) Two parameter bifurcation diagram in (h,[Cal]) -plane. Curves f, suph;

and sup/, are saddle-node bifurcation and Hopf bifurcation respectively. Changes of concentration of calcium ion [Ca,] with
time t (green) is also superimposed on the diagram. The red square and the blue dot indicate the position of the membrane
potential and concentration at different time ¢.
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