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Firing patterns and bifurcation analysis of FHN-ML electrically coupled neurons

YANG Yutong, LIU Shenquan

Department of Mathematics, School of Sciences, South China University of Technology, Guangzhou 510640, China

Abstract: Based on FitzHugh-Nagumo (FHN) and Morris-Lecar (ML) neuron model, a FHN-ML model was constructed by
the electrical coupling of the two neurons. For the FHN-ML model, the effects of external stimulation and time delay on the
firing patterns of FHN-ML model were investigated, and the neural bursting patterns were classified. The results showed that
the ML neuron firing patterns were sensitive to the change of the alternate current frequency w and the equilibrium potential of
potassium F; in the model, and different new bursting patterns were obtained. With the increase of time delay, the discharge of
neurons had experienced chaotic state, periodic bursting, and existed obvious period- adding bifurcation. The fast- slow

dynamics analysis showed that FHN-ML model had two kinds of bursting patterns and their dynamical properties when the

slow varying regulating current / of ML neurons was chosen as a bifurcation parameter.
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Fig.la-e are membrane potential diagrams in different alternate current (AC) frequencies w, and the value of w is

0.002, 0.005, 0.008, 0.016, 0.024, respectively; Fig.1f is the ISIs bifurcation diagram with respect to w.
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The value of V; in fig.2a-d is -0.6, -0.8, -0.9, -1.6, respectively.
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Fig.2 With I.=0 mA/cm’, I,=0.8 sin(wf) mA/cm’, membrane potential diagram in different

potassium equilibrium potential Vi,
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Fig.3a-e are membrane potential diagrams in different AC frequencies w, and the value of w is 0.006,

0.005, 0.004, 0.003, 0.002, respectively; fig.3f is ISIs bifurcation diagram with respect to .

B3 & Liw=4 mA/em’, 1,=0.2sin(wf) mA/cm’ B, RE ZRBIAR oI M HZTEBAE R X TR
BIREORI ISID R E

Fig.3 With I..,=4 mA/em’, 1.,=0.2 sin(wf) mA/cm’, membrane potential diagram in different AC

frequencies w and ISI bifurcation diagram with respect to ®
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The value of ¥, in fig.4a-d is -0.70, -0.80, -0.85, -0.90, respectively.
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Fig.4 With I,.=4 mA/em’, 1..=0.2 sin (wf) mA/cm’, membrane potential diagram in different potassium

equilibrium potential V,
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Fig.5a-d are membrane potential diagram in different time delay parameter 7, and the value of 7 is 0.00, 0.05, 0.20, 0.40, re-
spectively; fig5.f is ISIs bifurcation diagram with respect to z.
5 R[E) R i ox Rz 4 42 T AR PR oL B R 3 F AN B B i iy IST S 2

Fig.5 Membrane potential diagram in different time delay parameters and ISIs bifurcation diagram with respect to =

0.2 T T T T T T T T T T
| | il i i
AR .
0- i [ —MW‘ —— Lk |
> ‘J“ H |'M\ || |‘ > 97 wpee \h"ﬂ | M“M kT
E 01 Iy \.H‘ | ‘}l | ;hl‘\ M g \ el
" 02- j-“ | | | / “I / > 02 LPL-f | ]
/ ko / N
-0.3 - |‘ “, /,/ l\ ,/' | //' 04t t\\\ ]
% V4 ],
04 14 I 1 I I ey I |
800 1000 1200 1400 1600 1800 0.45 0.55 0.65 0.75 0.85 0.95
t/ms I/mA-cm?
a: Time series of the membrane potential b: Fast—slow dynamics analysis of the fast subsystem

6 LY ML ML TTHIIEE R C=2.4 B, 7= 4 “fold/homoclinic” i R I “fold/homoclinic” BY FE A BB i Bh
Fig.6 Fast—slow dynamics of ''fold/homoclinic' bursting via the '"fold/homoclinic' hysteresis loop when

capacitance of ML neuron C is 2.4

B 5 L) R E G AR o Vi F1 Vi 53 I F 78 W PR EA TE IR By = A B P, MR T RGNS
A Vo e KA e /IME . LP1 AT LP2 M #24s BIs/INGE AR T Z T 0 225 th 46 T S Re0E 25 A i i
I ., LPC s BRI A e 25 43 22 EALH 120557 491 B A48 73 2 LP1 I 2R, i o



-312-

i B 2l

$34%

B Z TV 43 28 1th e L S el R e W R B A s L AR S
MBETIE N Foe R BRI 2 T Z I8 472 th 4k
H S A Shy e oS (R A B ER 48 PR A TR A 0 2 AR [l )
R EVIRA

DCFE, B RS i 1 B R IR 3 1Y 43 7 02 o
LP1 Ab A EE 4370, s RS e 1 B i SR 1 43 72
S W R R A A2 o AR Bl ) A B e 03 207
I IR R AR SRR R “ fold/homoclinic™ FY 7% I FEL o
2 PG R 5 R A2 R 4328, B R L ) R RS
LAt B PRI 4370 0 5 LP1 Ab B 45 532, 1 AL
TETBCH 1) LIRSS 1 B R RS B 53700 R i a5 ) 1 43

02

0 b b - b |

V,./mV

02- ‘ e
s W W ‘ 5 i
04 - ‘ \/

-0.6

1 L L I
600 900 1200 1500 1800 2100

t/ms

a: Time seriesof the membrane potential

V,/mV

7o UL, g i A X2 28 H “fold/homoclinic” Hif
Ja R “fold/homoclinic” BIFE i HE o
232 REFRGHE LR EZ T Hopf 9 & = Y
R & Ta e C=2.0 uF/em’, Ve,=0.6 mV i} , ML
P TCR R R . B 7b Fn AR T RS-
M e T AR DU T — 45 2B it 4, JF A
W L T To th &N T Z I o 2 th £ L.
TERT ARG Z B3 25, I 2 b 32 i As e £
WA Hopf 432 572 . ZIB 0 28 IR i vp 32 R 32
530 4 55 A R e 24 A R i o

M T RS 50 70 th & AR e - S Hopf 41

0.2

02 1
04 e :-_J,\
05 Q.55 0.6 0.65 07
I/mA-cm*
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Fig.7 Fast—slow dynamics of bursting via the '"fold/fold" hysteresis loop when membrane capacitance of ML neuron
(V) is 0.6
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