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Table 1.  Parameter values of ML model.

ZH EaE g2
C /(uF-cm™) 5 20
gca /(nS-cm™?) 4 4
Vea /mV 120 120
gk /(nS-cm?) 8 8
Vk /mV -80 -84
gL /(uS-cm ?) 2 2
W /mV -60 -60
Vi/mV 1.2 1.2
Va /mV 18 18
Vs /mV 4 12
Vi /mV 17.4 17.4
) 0.066667 0.066667
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Table 2. Parameter values of synapse.

28 S 24
Tinax /mM ! 1 1
Vp /mV 30 20
K, /mV 5 0.8
Eg /mV 45 35
By /mV 60 50
op /(mM 'ms?) 0.1 0.8
B /ms™ 0.5 1
oy /(mM tms 1) 0.1 0.05
Br/ms! 0.18 1
3 &% R

3.1 IIEXEEMET
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(YRR E TR, RIS FL JET B T =~ 52.87 ms.
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SN S5 VB R I B 20 (] 1(a)). B, 7 ML
BEARVAY TT RIS APESHCT, TCAMEURh R A ik
(K 1(a) FBZ) A Ty ~ 52.87 ms. #Eta = 20 ms
b, it fin g7 e K el (IR 1E A = 7 pA/em?,
$iE d =4 ms), WANFH T ~ 51.69 ms (& 1(a)
21£8). th (16) 2HEAS A(20) ~ 0.0223 > 0, ¥
Yo e R AR . LTI RN ta 1 A, W
Al1% PRC (& 1(b) £LA54k). AL 1(b) A Hl, 7E
AHF AR 5 B Bk oh i B (d = 4 ms) T, N[
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HAMIFRMER. 24 27.36 ms < ¢4 < 52.73 ms i,
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W, A >0, Pesh)a i F2Er. &1 1(c) 22 & 1(b)
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.
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1.8 pS/cm?). MR IR BIATRA, WK B M40
(FR) TERT . BROR S 22T (40) 7EJ5 . & 2(al)
WO 1SRN TR WA Bl P T] e A A 4 2
K, niZ AL, AW s 1 M REEHEr~
0.82 ms, WK 2(a2) Fin, EREAARCERE], T
BEARFRACEREE & TR R .

PUE SRR iR SRR N I NN N
W, Bir <0, W& AS. G B2 0K 3l f £5
JUHTHL (F&) TERT . BRSP4 (20) 16, &
i — B R T AL (IR R, 28 IR sl pl 28 7T

218701-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 21 (2021) 218701

1022 1036 1050 1064
T T T 7 28.5
40 ﬁ\(a) To § 04
) T !
K 19.0
l ! -
Ty g 0-15
£ : z a
S Z 9.5 =
¢ " 2 —0.30 |
. o -
A " — A= -3 pA/cm?
n 0 —— A= —5pA/cm?
o —045r 41— ¢ pA/cm?
—60pr ;=20 ms I . —— A= —7pA/cm?
1022 1036 1050 1064 0 13 26 39 52
Bif18) /ms tq/ms
0.026 421 (d)
0.013 | 28
< <
=
0 _ o 14
— A= -3 pA/cm?
—— A= —5pA/cm?
_0.013f — A=—6pA/cm? or
—— A= —7pA/cm?
0 7.5 15.0 22.5 30.0 —46 —23 0 23
ta/ms V(t)/mV
12
(e)
1.50
9 -
= 0.75 =
] 3 o
> >
S S
—0.75 0r
—45 —40 —35 —30 —25 39.06 39.69 40.32 40.95
V(t)/mV V(t)/mV

1 T1 R4 ML A RLAE 0 ] M i () 5 JCHI A0 (BRER) AR EL, A B kol (B Z6, IR{H A = -7 pA/em?,
) ¥R 1 PRC; (c) B (b) R AR B (d) Bk
FLT LR A3 % B [ (a) B SBERANLT 2% (V, dV/de) BIRIBLEE, MK ool S 2 o) 310 45 A0 3l 1 2 0605 (e) TR () AR Rl ok | (A

FEIE d = 4 ms) PR RYIOE (ELLR) $2HT; (b) AR 86 ) 5 Pk b (FERE d = 4 ms

Jok bR ERE] V = 20 mV, FF Sk ARAEEER); () B (d) 5RO (3

Fig. 1. Firing of ML model with type II excitability under the action of inhibitory stimulation: (a) Compared with no stimulations
amplitude A = -7 pA/cm?, width d = 4 ms) is
earlier; (b) PRC induced by negative square pulses with different strengths (width d = 4 ms); (c) locally enlargement of panel (b);

(black solid line), firing (red line) induced by negative square pulse (dashed line,

(d) black and red curve correspond to trajectory in (V, d V/dt) plane of black and

time of the pulse stimulation to peak of the action potential); (e) enlargement of panel (d) (from begging time of the pulse stimula-

AR L A7 VA THT)

red curve of panel (a), respectively (from begging

tion to —20 mV); (f) enlargement of panel (d) (phase before the peak of action potential).

R, (FR) TEJS | BEKSh 2 oTi i (£1) 7ERT, 4N IR WA ) 1A EERIE, ZRGE T
K 2(b1) Bz (ge = 0.1 uS/cm?). FHN H, Bt i PD RS, WE 2(c1) A 2(c2)(ge = 0.03 pS/cm?)
(] AR TE AT & 9IS, 7o MIEAEIE AP R AE Sy 10 i ) ZAS A A I 1) SR 30 B B, 1 A ] 4
7y 28.62 ms FEMLEIZ-23.91 ms. %K

A EE] 1 AMESIET ~-11.21 ms, 417 2(b2) M7 A

F7s, bREARRACERIS ], AR ARARACER A Je Al
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Fig. 2. Three dynamic behaviors induced by inhibitory autapse (gi = 0.3 pS/cm?) in the ML neuron model with type II excitability.
DS (gg = 1.8 uS/cm?): (al) Membrane potential of driving (black) and driven (red) neurons; (a2) change of time interval between
spikes of two neurons. AS (gg = 0.1 pS/cm?): (bl) Membrane potential of driving (black) and driven (red) neurons; (b2) change of
time interval between spikes of two neurons. PD (gg = 0.03 pS/cm?): (c1) Membrane potential of driving (black) and driven (red)

neurons; (c2) change of time interval between spikes of two neurons.
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Fig. 3. DS of type II ML model with unidirectional excitat-
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Fig. 7. DS of type I ML model with unidirectional excitat-
ory coupling and without inhibitory autapse (gr = 0) (time
interval between spikes of the two neurons is larger than 0
at different values of conductance of excitatory autapse, i.e.
7> 0).
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Fig. 8. Two dynamical behaviors induced by inhibitory autapse in the ML neuron model with type I excitability (g; = 0.2 uS/cm?).

DS (gg = 0.02 pS/cm?): (al) Membrane potential of driving (black) and driven (red) neurons; (a2) change of time interval between

spikes of two neurons. PD (gg = 0.0 uS/cm?): (bl) Membrane potential of driving (black) and driven (red) neurons; (b2) change of

time interval between spikes of two neurons.
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Abstract

Anticipated synchronization, the response of the driven subsystem which appears earlier than the
stimulation from the driving subsystem, is a universally counterintuitive nonlinear behavior. This behavior is
also observed in the experiment on the nervous system in different brain regions. In the present paper, the
anticipated synchronization phenomenon evoked by the inhibitory autapse is simulated in the coupled system
composed of Morris-Lecar model, and the condition of excitability of single neurons and parameter ranges for
the anticipated synchronization is presented. For a coupled system composed of two neurons, whether both
neurons are either type-I excitability/Hopf bifurcation or type-II excitability /saddle-node bifurcation on an
invariant cycle, in a driven neuron unidirectionally receiving the excitatory synaptic current from a driving
neuron the delayed synchronization (the response of the driven neuron appears after the drive of the driving
neuron) instead of the anticipated synchronization is simulated. After the inhibitory autapse is introduced into
the driven neuron, the anticipated synchronization can be simulated in the coupled neurons when both neurons
are of type-II excitability. With the increase of the conductance of the inhibitory autapse, the transition from
delayed synchronization to anticipated synchronization is simulated. The time interval between spike of the
driving and driven neuron is acquired, and the parameter ranges of anticipated synchronization in the plane of
conductance of the inhibitory autapse and excitatory synapse are obtained. However, if both neurons are of
type-1 excitability, only delayed synchronization is simulated for the driven neuron with inhibitory autapse.
Furthermore, the appearance of anticipated synchronization for type-II neurons and no anticipated
synchronization for type-I neurons are suggested to have a relationship between the different responses of firing
to external inhibitory stimulation for neurons with type-II excitability and type-I excitability. For spiking of
type-II neuron, when an inhibitory pulse stimulation is applied, the spike following the pulse appears earlier
than the one in the absence of stimulation in a wide range of the stimulation phase. However, for spiking
behavior of type-I excitability, the spike following an inhibitory pulse stimulation appears later than the spike in
the absence of stimulation. The results present the condition of single neurons for the appearance of anticipated
synchronization induced by the inhibitory self-feedback mediated by autapse, which is helpful for understanding
the dynamics of the counter-intuitive behavior, anticipated synchronization, presenting possible measures to
modulate the anticipated synchronization, and proving directions for further study of anticipated

synchronization.
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