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Abstract—We investigate mutual synchronization of thenacle muscle fibers, is described by
coupled Morris-Lecar neurons with class | and class Il ex-

citabilities. Many researchers h_ave_ showed that clasg Il Cc(jj_\/ = gcaMw(Eca— V) + g« N(Ek — V)
neurons easily achieve synchronization. However, we find t
; T + gL(EL - V) + Iext (1)
that the parameter region of synchronous firing for class |
. dN Ne — N
neurons is larger than that for class Il neurons. rrli (2)
™
1. Introduction whereV is the membrane potentidN € [0, 1] is the ac-

tivation variable forK*, ley is the external current and

In recent neuroscience, many researchers have claimgenotes the time measured in milliseconds. The system
that synchronization of coupled neurons plays a very inparameter&c,, Ex andE, represent equilibrium potential
portant role to code information in the brain. Neurons aréor Ca®*, K* and leak currents, respectivelis., gk andg,
classified into two types, class | and class Il, by thi#éedi  denote the maximal conductances of corresponding ionic
ence of the onsets of the firing. These two types are conurrents. The/-dependent functionsyl.,, N, andry are
firmed by the physiologic experiments and it is very imporgiven by
tant to know how these flerences fliect synchronization.

For mutual synchronization of two neurons, it is clari- Moo
fied by using the phase resetting curve (PRC) that class I Neo
neurons easily achieve synchronization [1]-[3]. Also for a
large number of neurons with random connections, class Il
neurons present a good level of synchronization regardleaereV, and V. are the midpoint potential at which the
of the connection topology [4]. Also for forced synchro-calcium current and the potassium current is halfactivated,
nization, class Il neurons have advantage of acquiring SyR, is a constant corresponding to the steepness of volt-
chronization [5]. However, Tsuji et al. showed that class 4ge dependence of activatiovy denotes the slope factor
neurons have wider parameter regions of synchronous fisf potassium activation anglis the temperature-like time
ing than those for class Il neurons by detailed bifurcatiogcale factor.
analysis [6]. In this paper, we consider a system of chemically

In this paper, we compare the parameter regions of imautual-coupled two ML neurons. The system equation is
phase synchronization for the coupled Morris-Lecar(MLHescribed by
neurons by a chemical synapse, when the values of the
synaptic delay and the synaptic conductance are changed.cﬁ = gcaMewi(Eca— Vi) + gk N(Ex — V)

The ML neuron model can be switched between classland ~ dt
class Il excitabilities by changing the value of one param- N

0.5[1 + tanh{V — V3)/Vu]
0.5[1 + tanh{ — V¢)/Vd] 3)
1.0/[¢ cosh¥{ — V./2Vq)]

™~

+ gL(EL - Vi) + lext + gsynai+l(vsyn_ Vi) (4)
Nooi - Ni

eter [7]. Thus, in this paper, we use the ML model and T (5)
compare the bifurcation structure for class | and class I ™
by using the method [8] for analyzing the system with the dg = b (6)
synaptic delay. éjt T o
b ohlad L1 aza) @
dt T T

2. Coupled ML Equation
Note that the solutior; in Egs.(6) and (7) with initial

The ML neuron model [2, 3], proposed as a model focondition &, b)) = (0, 1) att = 0 represents the-function
describing a variety of oscillatory voltage patterns of Barer a;(t) = (t/7)e™¥*, which is a model for describing the
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time-dependent conductance of the synapse. Each vectbare opposite to previous those studies. We claim that in
(&, bi) jumps to the constant (0, 1) &at= t‘0 + 14 Where some parameter region the class | neurons have advantage
tp is the time whenV; changes to/; > 0. Namely, the of acquiring synchronization.
firing information of the neuron transforms to connected At the points ¢4, gsyr) = (5, 10) in each bifurcation dia-
neurons with the time delasy, which is mainly caused by gram shown in Figs.1(a), 2(a) and 2(b), we observe a non-
the length of synapses. in-phase synchronous state shown in Figs.3, 5 and 6, re-
We set the reversal potentldl,, as -60 for the inhibitory spectively. We observe a non-in-phase synchronous state
synapse, or O for the excitatory synapse. The aim of thighown in Fig.4 at the pointr§, gsyn) = (5, 5) in the bifur-
study is to compare parameter regions of in-phase synchreation diagram (Fig.1(b)). For the inhibitory (Figs.3 and
nization between class | and class II. The ML model can b®) and the excitatory synapse (Figs.4 and 6) two neurons
controlled between two classes by the value of the pararare, respectively, synchronized at almost anti-phase and in-
eterV,. In this paper, we choosé, = 12 andV, = 2 for phase. This property of the excitatory and the inhibitory
the class | and the class Il neurons, respectively. The othgynapse is a common feature for mutual coupled neurons
parameter values are fixed as shown in Tab.1. by the delayed chemical synapse.

Table 1: The values of parameter in Eq. (1)-(3). 4. Conclusion

We investigated the bifurcation structure of the class |

Eca_:_lgg[[r:]n\\//]] and the class Il neurons coupled by the inhibitory synapse
EK B 60[mV] or the excitatory synapse. We compared it between two
L = —

classes, and found that the class | neurons have wider pa-
rameter regions of in-phase synchronization. In the future
works, we should clarify the reason why the class | neurons
synchronizes more easily than the class Il neurons. In this

gca = 4.0[mS/cn¥]
gk = 8.0[mS/cn?]
gL = 2.0[mS/cn¥]

xa i Iég[[::\\//]] study, we set both the raise time and the decay time as the
b= > same. however it is found that these time constants take
Vg =17.4[mV]

different values [9]. Thus studying a such system is one of

. 1
¢ = 1/15[sec’] our further problems.

C = 20.0[uF/cn?]
7 = 1[msec]
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Figure 1: Bifurcation diagrams for class I.
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Figure 2: Bifurcation diagrams for class Il.
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(a) Phase portrait. (b) Waveform of potentials.

Figure 3: Stable periodic solution observedat sy = (5, 10) in Fig.1(a).
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Figure 4: Stable periodic solution observedwat sy = (5, 5) in Fig.1(b).
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Figure 5: Stable periodic solution observedat @syn) = (5, 10) in Fig.2(a).
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(a) Phase portrait. (b) Waveform of potentials.

Figure 6: Stable periodic solution observedt §syn) = (5, 10) in Fig.2(b).
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