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Abstract

In this paper, taking the geometric morphology and structure of spiral ganglion neurons as the cri-
teria of compartment division, two-compartment neuron Chay model and multi-compartment neu-
ron Chay model were constructed. Then, the nonlinear dynamics analysis and neural computing of
compartmentalized neuron Chay model were carried out: 1) Two-compartment neuron Chay model.
We theoretically analyzed the periodic firing, as well as bifurcation sequence structures such as pe-
riod adding bifurcation under the change of electrophysiological parameters, meanwhile two kinds
of bursting patterns and their transition mechanisms were studied by using the fast-slow dynamics.
2) Fifteen-compartment neuron Chay model. The stable transmission of biological information, the
directivity of external stimulation sites as well as the consequences of demyelination were numeri-
cally simulated. 3) One hundred and thirty-one-compartment neuron Chay model. They were inves-
tigated respectively that consisted of the effects of endogenic and extrinsic variable parameters as
well as the geometric structure of the central axon on the rhythmic encoding methods such as the
first spike latency, firing rate, maximum potential, and synchronization error. When the com-
partment models were used for nonlinear dynamic analysis including bifurcation, chaos and neural
computing including information coding, the information transmission characteristics and degene-
ration mechanism of neuron models were verified and explained.
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Figure 1. (Top left): Changes in I1SI of compartment 1 with V¢; (Top right): Changes in IBI of compartment 1 with Vc;
(Bottom left): Changes in ISI of compartment 2 with Vc; (Bottom right): Changes in IBI of compartment 2 with V¢
1.(&L): BE LM ISIBE Ve ZEHL; (BAL): BE 1B IBIBE Ve IEW; (ET): B=E 289 ISIBE Ve BIEK; (B
T): BE 289 1BI B Ve L
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Figure 2. (Left): Phase difference of spikes between compartment 1 and compartment 2; (Right): Phase difference of bursts
between compartment 1 and compartment 2
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Figure 3. The “fold/homoclinic” bursting via the “fold/homoclinic” hysteresis loop in the system (4)~(9) when
O, =13505,V, =-75mV . (Left): Time series of the membrane potential; (Right): Fast-slow dynamics bifurcation diagram
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Figure 4. The “Hopf/homoclinic” bursting via the “fold/homoclinic” hysteresis loop in the system (4)~(9) when
0, =116057,V, =-75mV . (Left): Time series of the membrane potential; (Right): Fast-slow dynamics bifurcation diagram
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Figure 5. (Left): First spike latency (FSL) of two kinds of neuron models when 1, =-20~20mA ; (Right): Firing rate
(FR) of two kinds of neuron models when 1 =-20~ 20 mA . Red: Model with myelin. Black: Model without myelin
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Figure 6. Comparisons of FSL under different stimulations. (Top left): Only one compartment is stimulated, and the abscissa
is the compartment number (CN) for current stimulation. (Top right): Two compartments are stimulated at the same time.
The abscissa and ordinate are the compartment number (CN) stimulated by the current. The FSL of the red dot is 0.07 s, and
the FSL of the blue dot is 0.09 s. (Bottom left): Nine compartments are stimulated at the same time. The abscissa and ordi-
nate are the compartment number (CN) without current stimulation, and the FSL of the red dot is 0.07 s. (Bottom right): Ten
compartments are stimulated at the same time, and the abscissa is the compartment number (CN) without current stimulation
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Figure 7. (Left): Changes of FSL with L (length of demyelination); (Right): Changes of the maximum potential of the soma
with L (length of demyelination)
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Figure 8. (Left): Changes of FSL with 1, . (Right): Changes of FSLwith g,
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Figure 9. Changes of FR in various parts of neuron model with parameters. (Top left): FR -1
(Top right): FR-g,, diagram of the soma; (Bottom left): FR -1
(Bottom right): FR -g,, diagram of the terminal button of the central axon
9. METTRBYZ LAY FRESHAIT . (£L): BB FR -1, Bf%; (BL): FAEBFR -9, Bf%; (£ T):
FRARSERIERY FR — I, BR; (BAT): HHERRAKHM FR - g,, ElfK

diagram of the soma;

stim

diagram of the terminal button of the central axon;

stim

ke 10 Pow, AR g BN, B3R 1(E 55 ) s KA 2ILREIYIL .. AR BT
o B 20 i) B R AR AR /NS B Y R ETE B B 6(T X R FE 0 SR B K LA T Ly
AU, IRARFEAZE . BANIRSH O, BN, BE 1. 2. 6 MECKRA ZOIWE T EEY, Jf
Hpi= 2, 6 K& PEeia, sl R KBAGER T RN BE. mtarm, 5

DOI: 10.12677/aam.2020.92024 214 A H ik


https://doi.org/10.12677/aam.2020.92024

FESE, XUTRIR

HAA N gy KT 22 TORB IR A 55 25 1 5 K LA I RN R, I EL T 3 s 3 ) e K A A AR AL SE S, T %
P BB R AL 2 BIN IR S HL O, HUSEM B M R 1, 35400 B .

15.5 14
15 14
16 -15 18 B
a6 i
17 8L -18 B
a8 20 4
16.5F B 7R g B
-19 22 -16
20 o 20 —~ ™
S =l 1500 2000 2500 3000 3500 -18 B
f-—
X e 14 = 1B 20
© < L i
-19 2
£ -16.028 16,8202 =) .18 E
-16.8292 -24
a7.sk -16.8285 i -0 20 1500200025003000 3500
-16.8292
a6820] -16.8292 » 2
AN -16.8202 21
sk -16.8295 68200 il 150020002500 30003500
-2
16835 o 20 -20 o 20
ey . . . L L L L L L L
185 L L L L L L L 1400 1800 1800 2000 2200 2400 2600 2800 3000 3200 3400
-20 -15 -10 -5 o 5 10 15 20
stim gKV

Figure 10. (Left): The variation of maximum potential of compartment 1, 2, and 6 with lg;,; (Right): The variation of max-
imum potential of compartment 1, 2, and 6 with gxy. Among them, black: compartment 1, green: compartment 2, blue: com-
partment 6, and in the two figures, the blue and green curves partially overlap due to similar values
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Figure 12. (Left): FR -1, diagram of the terminal button of the central axon in four cases; (Right): FR-g,, diagram

of the terminal button of the central axon in four cases. Among them, black: normal case, green: remove parts of central axon
corresponding to AVCN, blue: remove part of central axon corresponding to DCN, red: remove part of central axon corres-
ponding to PVCN
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Table 1. Values of parameters

# 1 BESHHME

e
Na*-Ca® & Tl I8 (i K i T g, 1800s™
KA Ca® & TIR LM KB FEEM R KBS g, 10s*
s R RS g, 75t
Na*-Ca’* &5 T & ) P H iz vV, 100 mv
L R ST EIR T AA ~75mV
THEVR HL IR S ALV, —-40 mV
5 K8 p i 18] E SO S A, 235
027mvts?t
YL Ca® 5T Hi (1 Lb 35 4k 3.3/18mV
mem 1 pFlem?
MBI R, 35550 Q-cm?
BESHEHON, 35
B A C 0.6 pF/cm?
HEHIE A R, 76 Q-cm?
SRR o, 0.05 kQ-cm
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