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Abstract

In this paper, the counterintuitive phenomenon that inhibitory autapses enhance stochastic re-
sonance is investigated in the Hodgkin-Huxley neuron. When the neuron does not contain inhibi-
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tory autapses, Gaussian white noise can induce stochastic resonance in the neuron. When inhibi-
tory autapses are introduced into the neuron, time delays in inhibitory autapses induce multiple
stochastic resonance in the neuron. More importantly, when time delays in inhibitory autapses are
appropriate, the conductance of the inhibitory autapses can both enhance stochastic resonance
and reduce stochastic resonance. The phenomenon that inhibitory autapses enhance stochastic
resonance is in contrast to the traditional viewpoint that inhibitory effects always suppress neu-
ronal activity. The phenomenon that inhibitory autapses enhance stochastic resonance enriches
the content of nonlinear dynamics.
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Figure 1. The dynamics near the Hopf bifurcation of the HH model. (a) The bifurcations. The thin solid (dotted) line stands
for the stable (unstable) focus. The upper (lower) bold solid line represents the maximal (minimal) value of the stable limit
cycle. The upper (lower) dashed line stands for the maximal (minimal) value of the unstable limit cycle. (b) The dependence
of the firing period (the black) and the firing frequency (the red) of the HH neuron model on the external direct current I,p,
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Figure 2. Evolution of the membrane potential (the black line) and weak periodic signal (the red line) with time for different

D values: (a) D = 0.0631 pA/cm?, (b) D = 1.5849 pA/cm?, (c) D = 10 pA/cm?
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Figure 3. The spectral amplification factor  changes with the noise intensity D or the time delay of the inhibitory autapses
zaut- (@) For the neuron without autapses, the change of the spectral amplification factor » with the noise intensity D. (b) For
the neuron with autapses, when the conductance of autapses ga = 0.4 mS/cm?and the noise intensity D = 1.5849 pA/cm?,
the change of the spectral amplification factor 5 with the time delay of the autapses 7. The red horizontal dotted line in (b)
indicates the maximum value of the spectral amplification factor 7 in (a)

3. IBHAKEF o FEEMKRARE D SHEIE B RMAVITE o TR @) XNTAESMEIE B RMAMET,
WHARE T » BEEREFERE D ML; (b) X TFEIMFEINERMAMET, HHMERMES g, =04 mSiem”’ B
IRFEIRME D = 1.5849 pAlcm’ B, EHIAETF 1 BEINFITE B ZRAMAIRTH o, BEUNE. B, O)FMLtEKEEE
RRQ)PIBEKRETF n WRKE

B4 H#5R THE 6 DB ru BT, 20 BUEN 0ms. 14 ms. 28 ms. 34 ms. 48 ms il 56 ms, %
TG AR FL AT (S 2 RN 55 J B3 5 (A ) BT T (s Ak A, AR T B 1] 4(a)~(e) R 4(f). EHIE] 4 T, 24
T 5T 14 ms. 34 ms f156 ms i, 43540 4(b). & 4(d)ATE 4(H TR, BREALS 55 B S5 E 0
B, AU 55 G S M RS e 2 e ZF T 0 msy 28 ms AT 48 ms I, 4l anfEl 4(a). & 4(c)f
Ae)FTaR, MERALE 58I 5 R TS, oot 58 IG5 M R EE . [ 4 g R 51K
3(0) I EE 5, BRI IHIE B S i AT A S A e AR 2 R BE LR .

40 2 40 2
0 < 0 <
S £ = 5
E o 2 E 0 3
> 2 > =2
i V) ) i VJ V‘) /) /J )
-80 -2 -80 -2
2100 2150 2200 2250 2300 2100 2150 2200 2250 2300
t(ms) t(ms)
@) (b)

DOI: 10.12677/aam.2022.114249 2376 I3RS


https://doi.org/10.12677/aam.2022.114249

40 2 40 2

V (mV)
5 o
o
I (uUAJcm?)
V (mV)
& o
o
I, (uA/cm?)

Wy

/)l A

-80 -2 -80 -2
2100 2150 2200 2250 2300 2100 2150 2200 2250 2300
t(ms) t(ms)
(c) (d)
40 2 40 2

V (mV)
5 o
o
I, (uA/cm?)
V (mV)
5 o
o
I, (UA/cm?)

e MAMAM

-80 -2 -80 -2
2100 2150 2200 2250 2300 2100 2150 2200 2250 2300
t(ms) t(ms)

(e) ®

Figure 4. Evolution of the membrane potential (the black line) and weak periodic signal (the red line) with timefor different
values of the time delay 7. (8) zauy = 0 MS, (b) 7oy = 14 MS, (C) 7ot = 28 MS, (d) 7yt = 34 MS, (€) 7oy = 48 MS, (f) 74t = 56
ms. The conductance of autapses g, = 0.4 mS/cm? and the noise intensity D = 1.5849 pA/cm?
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Figure 5. Changes of 5 with D when g, = 0 mS/cm? (the black circle), gat = 0.2 mS/cm? (the red square) and g, = 0.4
mS/cm? (the blue triangle) for different 5, values. (a) o = 14 ms; (b) 74t = 28 Ms
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Figure 6. Changes of the spectral amplification factor »
with the time delay . and the conductance of autapses
aut. The noise intensity D = 1.5849 pA/cm?
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Figure 7. Evolution of the autaptic current (the black line) and weak periodic signal (the red line) with time for different
values of the time delay zayt. (2) Taye = 10 ms, (b) 7t = 14 Ms, (C) 7oy = 28 Ms, (d) 7t = 34 MS, (€) 7oy = 48 s, () 74y = 56
ms. The conductance of autapses ga, = 0.4 mS/cm? and the noise intensity D = 1.5849 pA/cm?
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(b) Taut = 14 MS, (C) Taut = 28 MS, (0) Taut = 34 MS, (€) Taue = 48 M3, () 7au = 56 Ms. HNiHl14 B AR S goue = 0.4 MS/cm?

B2 E D = 1.5849 pAlcm?
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