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Introduction

» Analyze rhythm generation in networks of nonautorhythmic
neurons.

» Based on reciprocal inhibition between neurons which exhibit
the property of postinhibitory rebound(PIR).

» PIR is an active process seen in central pattern generating
networks that produces rhythmic output due to temporary
enhancement of the excitability of neurons following
hyperpolarization due to the activation of an inward current.

\_Inhibition
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Where are they found ?

» Thalamocortical spindling cells in mammals,
where the pacemaker was hypothesized to
arise in the reticular thalamic nucleus.

» The reticular thalamic nucleus comprises
solely of interacting inhibitory cells.
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Biophysical model

» The biophysical model is derived from the
neurons that control leech (Hirudo
medicinalis) heartbeat.

» PIR is produced by a combination of Na™ /K™
inward “sag” current .




Iy

ir T Ileak + Isynaptic Model

dV;
C dt = _gpi*rmgo (Vr,)hf, (VL _ Vpi*r) _ gL(VL _ VL)
— YsynSij (VL _ Vsyn)
dh,
= o[h., (V) — h1/1, (V)
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Post synaptic conductance

Vi — SV
sij = S (V) = 1/(1 + exp [——f = ‘}
syn

A small value of ks, was used to make si;

Postsynaptic conductance

an instantaneous sigmoid function.
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Steady state gating variables and time

constant
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Phase plane nullclines

V = 0 inhibited V =0 free
h = QL(V _ VL) + gsyn(v o l";yn) h = QL(V - VL)
gpirmgo (V) (V‘pir o V) gpirmc%:- (V) (V‘pir _ V)
h=0
h = he(V)
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Mechanisms of Central Pattern Generation

Central Pattern
generators

Depolarizing and
Hyperpolarizing
current

Alternating
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V‘ (mv)

v, (mv)

Alternating Rhythms: Release mechanism
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Alternating Rhythms:Release mechanism
Effect of Synaptic Threshold -6,

Case 2

Membrane poterntial Cell 1 gpir=0.3

20

20

T T T

40

V1 (mV)

60}
80|

-100 L
250 300

I L 1
350 400 450

Membrane poterntial Cell 2 gpir=0.3

20

20+

T T T

40k

V2 (mV)

80}
-80

-100 !
250 300

I L 1
350 400 450
t (ms)

Osyn > V;
O4yn=-35mV g,,=0.3 mS/cm?

Phase plane gpir=0.3, Synaptic threshold=-35 mV/

T T T T T T
— V nullcline inhibited
SN V nullcline free
09r \ " h nullcline
. | \ Synaptic threshold=-35 mV/
08r- AN [ _
\ [
\ [
0.7 \ I‘ \ B!
\ ‘ \‘.
06 \ \ 4
\ | \
| \
051 ‘ \ i
E \
04 ‘ \ i
0.3f ‘ \ — .
\\
{ -\\_« i b -
02F ‘ R ,
(D= |
S > >

o ‘ I —

0.1 1 1 1 1 1 1

-120 -100 80 -60 -40 20 0 20

Venkat Palgat 11



Alternating Rhythms:Release mechanism
Effect of Synaptic Threshold -6,

Case 3:
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Dynamics of h for release

Membrane poterntial Cell 1 gpir=0.3
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Summary of release mechanism

» The relative location of the synaptic threshold(6,,,)
and resting potential (V) determine the steady
state dynamics of the two neurons.

» Switching is controlled by the free neuron.

» The synaptic threshold(6,,,) also controls the time
period of the oscillations.
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Alternating Rhythms: Escape mechanism

Case 1;:
stm < E’}

Membrane poterntial Cell 1 gpir=1

T T T T T
20F . e — — . = S / 2
; syn=—44 mV g, =ImS/cm
s [\ \
E — a, b \ - . i _
- -40 | il Phase plane gpir=1, Synaptic threshold=-44 mV/
| | | T T T T T
60 \_ y ¢ \d \ : S ——V nulicline inhibited
a0k — — —] — V nulicline free
08 — h nullcline
_102 L L I L L ——— Synaptic threshold=-44 mV/
00 250 300 ¥F0 400 450 500 0sl
Membrane potegntial Gell 2 gpir=1 \
” T T T T T 0.7 \
i ] \
AY
oF \ m .'f"\l | 06l \
-~ 20k I\ \ f "‘\._ . N\
z 40 [N N NG 051
> ] \ | .: I \\
e \ J \ - 1 04} \
8o} o ) E \
10l 1 1 1 1 1 03r \
200 250 300 350 400 450 S00 Ia N a
t (ms) /
021 d/
| -
04f |‘ o
| e o
0 1 | | .‘ | | | |
-120 -100 -80 -60 -40 -20 0
\

Venkat Palgat




V1 (mV)

V2 (mV)

Alternating Rhythms: Escape mechanism
Effect of Synaptic Threshold- 6s,,
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Alternating Rhythms: Escape mechanism
Effect of Synaptic Threshold- 6;,,
Case 3
Osyn > Vs
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Alternating Rhythms: Escape mechanism
Effect of Synaptic Threshold- 6,

Case 4
stm > E’}
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Dynamics of h for escape

Membrane poterntial Cell 1 gpir=1
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Summary of Escape mechanism

» The dynamics of the two neurons is not very
sensitive to the synaptic threshold(6;,,).

» Switching is controller by the inhibited
neuron.

» The membrane action potential has higher
amplitude than the release mechanism.
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Synchronous rhythms: Mechanism

» Synchronous rhythms between the two neurons can be
achieved by inducing a slow synaptic decay.

» The postsynaptic conductance(s;)is assumed to obey first
order kinetics.

dSi'
dtj = So, (V) (1 — s5) — ks

With a small , both cells would “feel” perpetually some average
synaptic inpug{.”'
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Synchronous Rhythm: Slow synaptic decay

Synaptic variable Cell 1 to Cell 2
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Synchronous Rhythm
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Switching from synchronous to alternating
rhythms
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Switching from synchronous to alternating
rhythms
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Summary of synchronous rhythms

» The dynamics of the synaptic activation effects the
relative phase between the two neurons.

» Same pair of neurons can oscillate both in phase
and out of phase.

» A pair of neurons oscillating in phase can be made
to oscillate out of phase by applying with a
depolarizing current on one neuron and a
hyperpolarizing current on the other.
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Discussion

» Alternating pattern arises when the post-synaptic
variable depends instantaneously on the pre-
synaptic voltage ..

» In phase rhythms can occur when the synaptic
variable decays slowly after a transient
depolarization by v,..

» Such behaviors can also be seen in large networks,
especially in the thalamocortical bursting
oscillations.
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Questions

p—
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