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Abstract

Pre-Boétzinger complex (referred to as pre-Bo6tC) is a key site in the generation of normal respira-
tory rhythm in newborn mammals. When neurons are subjected to external stimuli, their firing pat-
terns change. Square wave current is one of the simplest and easily achievable forms of current. In
this paper, we investigate the effects of square current on the firing pattern of neurons by regu-
lating three variables of square current. By time series, single-parameter bifurcation analysis and
two-parameter bifurcation analysis, the dynamic mechanism of generation and transition of burst-
ing pattern is explored. The results show that square current can induce neurons to generate mixed

SCES| R, PRI, J7 U A AR R S LB S BT . ISR, 2023, 12(1): 56-67.
DOI: 10.12677/ijm.2023.121006


https://www.hanspub.org/journal/ijm
https://doi.org/10.12677/ijm.2023.121006
https://doi.org/10.12677/ijm.2023.121006
https://www.hanspub.org/

bursting. The findings of this paper can provide some reference for further understanding the gen-
eration mechanism of mixed bursting in the nervous system.
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Figure 1. Dynamic behavior of neurons without external excitation: (a) time series; (b) bifurcation diagram of fast subsystem
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Figure 2. Effects of maximum current intensity max on firing activities: (a) max = 0; (b) max = 10; (c) max = 30; (d) max
=50
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Figure 3. Bifurcation diagram of fast subsystem when the maximum current intensity max changed: (a) max = 0; (b) max =
10; (c) max = 30; (d) max =50
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Figure 4. Two-parameter bifurcation diagram of fast subsystem when the maximum current intensity max changes: (a) max
= 0; (b) max = 10; (¢) max = 30; (d) max =50
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Figure 5. Effect of period p on firing pattern of neurons ( p, =6980): (a) p=2p,; () p=3p,;(c) p=4p,;(d) p=5p,
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Figure 8. Effect of duty cycle dc on firing mode of neurons: (a) dc = 30; (b) dc = 40; (c) dc = 50; (d) dc = 60
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B 9. 5Lt de TUBHMRFRZEDEE: (a) dc=30; (b)dc=40; (c)dc=150; (d)dc=60

40 T

Ty (mA)

40 T

e

\

DOI: 10.12677/ijm.2023.121006

65


https://doi.org/10.12677/ijm.2023.121006

40 T |\ T T T
N ]
0t : 1
E l w E
Ty . {4~
ok
\\wa?
-10 1 1 1 1 1
0.2 0.3 0.4 0.5 0.6
h
(©) (d)

Figure 10. Two-parameter bifurcation diagram of fast subsystem when duty cycle dc changes: (a) dc = 30; (b) dc = 40;
(c) dec =50; (d) dc = 60
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