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Information Processing in the Nerve Nets (Part II)

—— Generation of Circadian Rhythm —

Shuji Enpo
Department of Technology, Fukuoka University of Education

Abstract

Many models have been proposed to investigate circadian rhythm. However there is no
model constructed from the point of view of neuronal activity.

This report proposes a neuronal circuit generating circadian rhythm. The circuit has two
neural oscillators and two nerve nets. One of the nets gets the inputs from both the oscillators and
supplies the output with the frequency of the difference between the input frequencies. The other
operates as a phase detector and sends learning signals to the oscillators in order to adjust their
oscillatory frequencies by means of modifying synaptic weights.

It was found from computer simulation of the circuit that this neuronal circuit showed the
same phenomena as those observed in life body, such as entrainment and beat phenomenon.
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Fig. 1 A neuronal circuit generating circadian rhythm.
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Fig. 2 Nerve net to detect the phase difference between inputs.
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Fig. 3 The construction of a neuronal oscillator. »,: excitatory and n;: inhibitory neuron.
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Fig. 4 Solution with a limit cycle in case that F (u)= 1u(2)].
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Fig. 5 Region with an oscillatory solution and
the variation of period by input stimulus Fig. 6 Relation between frequency f; and
S and synaptic weight W. synaptic weight W.
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Fig. 7 Relation between period 7 and input Fig.8 Relation between frequency f; and synaptic
stimulus S. weight W in case that F(u)=(1+¢"4%)".
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Fig. 9 Characteristics of the neuronal circuit generating circadian rhythm. In the first ﬁgurc D,
learning signal takes 1 or 0, and while it takes analog value in the rests. Details are explained
in the report. :
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Fig. 10 Simulation of beat phenomenon in the circadian rhythm.

5 » & M 2

HRMEMIRD BB v <1 d 5 RETEY X 2EZHNT, BOTEVL AHEZ LY -2
FA4T )R LOREN TERZEIRER L, LU, CORLEMBOHD Ny BXUE N
DB EBEARMBRICFETIDESIPEELLE, SBRORHTIAEELDL. T2, #
REE D S & WOERIITHT 2 RBEBROBBKREERICED AL, SSITFEFT LY
XLDHLHEORER TS, FHOMELEEZEL IV, Gb¥T, RENBOHER
HMAPLL O EBMPUL T E 8 EEBEL, BROREERALOHDTH S,

ChSOHREZEBLT, ERV 27 2O LERLE Y 2 7 ANDIEMEEZTY E7c
TS

E | - 4
AREERERT IS, BARITHHLEIXBEO LKL ESE LHBRETESELH
HZEBLOURANBABERICHBERZLI T, IHEELILOIBEEE5LCT
BVWFLARBREET KEZERBOREFCERHAKLET .
ToHEAMS (YHP-2112A) v A7 2 T304V B RETFBER 4 FHEOBRA
BB CBHFBICEYE L, BHLET,



D
2)
3)
4)

5)

6)

7

8)
9)

10)
11)

12)
13)
14)

15)
16)
17)

18)

19)
20)

21)
22)
23)

FEESAORBRLE (BIH) 159

g ¥ X o

THEEE ; 1975, AW, SHE

D.S. v —v&—2/FREFR 1978, £H Y X 1% AM, BIT¥H

FRIET 1968, Rho&kiEs, Bitiiy, 33,95-117

Pittendrigh C. S., Daan Serge: 1976, A Functional Analysis of Circadian Pacemakers in Noc-
turnal Rodents, J. Comp. Physiol., 106, 223-252 fi

Brady John; 1967, Control of the Circadian Rhythm of Activity in the Cockroach, J. Exp. Biol.,
47, 153-178

Peterson, E.L.; 1980, A Limit Cycle Interpretation of a Mosquito Circadian Oscillator, J.
Theor. Biol., 84, 281-310

Pavlidis, T; 1978, Qualitative Similarities between the Behavior of Coupled Oscillators and
Circadian Rhythms, Bull. Math. Biol., 40, 675-692

JANSE 5 1981, &MY < 2 3HBHESHH 2, HENF, No. 217, July, 31-39

Pittendrigh, C. S.; 1960, Circadian Rhythms and the Circadian Organization of Living Systems,
Cold Spring Harbor Symp. Quant. Biol. 25, 159-184

HRIBR— ; 1978, MhERDIBEONE, EEXRSB

Ross D, ffi; 1980, Oscillatory Neural Networks in the Rabbit Hippocampus, Biol. Cyberne-
tics, 37, 115-124

BAL #1977, BEE kL S EEME AEGKO HARES, SLAL¥REH, 50, 429-435

1, &I 1976, PLL-IC ofvk,

Pavlidis Theodosios; 1973, Biological Oscillators: Their Mathematical Analysis, Academic
Press

FRET 1977, AW 3¢ 35, BHEE

THEEE ; 1975, £WEFHORE, hRAR

Peterson, E. L, & Saunders D. S,; 1980, The Circadian Eclosion Rhythm in Sarophaga argyros-
toma, J. Theor. Biol., 86, 265-277

Daan S. & Berde C.; 1978, Two Coupled Oscillators: Simulations of the Circadian Pacemaker
in Mammalian Activity Rhythms, J. Theor. Biol. 70, 297-313

BEil, 7K 1981, B0 ) X AHL HEEY, No. 213, 71-75 s

Enright J. T.; 1980, Temporal Precision in Circadian Systems: A Reliable Neuronal Clock from
Unreliable Components?, Science, 209, 1542-1545

Njus D. ff1; 1974, Membrane model for the circadian clock, Nature, 248, 116-120

Rapp P.E.; 1979, An Atlas of Cellular Oscillators, J. Exp. Biol. 81, 281-306

Kawato M.; 1981, Transient and Steady State Phase Response Curves of Limit Cycle Oscilla-
tors, J. Math. Biol. 12, 13-30



	p.147.pdf
	p.148
	p.149
	p.150
	p.151
	p.152
	p.153
	p.154
	p.155
	p.156
	p.157
	p.158
	p.159

