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SOME LOGIC FUNCTIONS
REALIZED ON A STATIONARY
NONLINEAR DENDRITE
3. Interaction of excitatory and inhibitory synapses
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. Abstract. The binary logic functions "excitation and/or noninhibition”
and “excitation and nominhibition™ are realized by the model of a nonlinear
stationary dendritic branch. The neuron with such dendrites is a complex logic
system performing a great member of elementary logic operations.
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1. Introduction. In the previous papers (Garliauskas et al.,
1991, 1992) we have considered a realization of binary logical func-
tions on a bistable dendrite branch, when two synapses of the
same sign either both excitatory or inhibitory are arranged on it.
Now we consider the interaction between excitatory and inhibitory
synapses. Let us recall a scheme of a simulated bistable dendfite
and disposition of synapses on it (Fig. 1, branch load, as in the
preceding papers, is linear , R; = w/3, here w is the characteristic
resistance of dendrite). The parameter of a cubic polynomial of the
V-shaped current-voltage chiv-acteristic of the membrane (C — V)
with two stable and one unstable points is equal to b = 0.65 (see
Garliauskas et al. 1992)). We have illustrated on an output C -V
of dendrite branch that it is reasonable to consider the activity of
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Fig. 1. The scheme of a dendrite branch with ohmic load R;;
R1, R, are the resistances of synapses; E is the electro-
motive force of synz pses.

inhibitory synapses only."under giea.t depth of the negati\/e. part of
the C-V membrane, such depth is guaranteed by the selected value
b= 0 65

2. Results.. Reca.llmg that, if we restrict with a binary logic,
then the stable pom‘t of C'~V of branch close to the rest potential
(V = 0) on the dxst;‘.l end of the dendrite, corresponds to the logic
variable ”0”, while ‘the stable point on the output C —V of branch,
at which the dlstal end of the dendrite is constantly depolarized
(V » H), correspohds to the logical variable 717 (Garliauskas et
al., 1991, 1992).

Fig. 2 shows the realization of a logic function of nonstrict
disjunction with a negation "excitation and/or noninhibition”: if a
sta.ble-depolanza.tlon (V = H) is the initial state, then an activation
of the inhibitory synapse suspends it only in the case when the
‘excxta.tory synapse is not activated.

Flg 3 1lhustra.tes the realization ofa logic function of conjunc-
tion with a nega,tlon ”excitation and noninhibition”: thus, if the
rest potential (707) is the initial state, then the branch will get over
to the state of sta.ble depolarization (”1”) only in the case of acti-
va.tlon of the excxta,tory syna.pse without activating the inhibitory
synapse.
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Fig. 2. The example of a logic function "of nonstrict disjunc-
tion with a negation; output current-voltage character-
istics of the dendritic branch are presented: the left-
hand branch of the curves corresponds to the vicinity
of the rest potential (V ~ 0, Fig. b) and the right-
hand corresponds to the vicinity of stable depolariza-
tion (V =~ H, Fig.a and ¢). a) R; = 5w, Ry = oo;
b) Ry = 00, Ry =5w; ¢) Ry =5w, Ry = 5w. -
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Fig. 8. The example of a logic function of conjunction with a
negation; output current-voltage characteristics of the
dendritic branch are presented: the left-hand branch
of the curves corresponds to the vicinity of the rest po-

. tencial (V =0, Fig. b a. { c) and the right-hand corre-
sponds to the vicinity of stable depolarization (V ~ H,
Fig.a). a) Ry = 10w, Ry = 00; b) R; = o0, Rz = lw;
c) R = 10w, Ry = lw. '
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. The presented results of numerical simulation are obtained un-
der a more distal disposition of the excitatory synapse (the in-
hibitory synapse is closer to the load); their mutual replacement
does not change the situation in principle. Neither brings any es-
sential change the replacement of the slow potassium inhibitory
synapse (E = —2) by a quiker one of chloride nature (£ = -1).

3. Discussion. This report illiustrates two more combinations
of synaptic interaction in which a dump inhibition (Garliauskas et
al. 1992) became apparent: inhibition is unnoticeable in the body
of cell, nevertherless it can be felt functionally as a result of a
discontinuation or prevention of the stable depolarization. In this
respect one may also speak of a dump excitation the result of which
is not seen if there is a competitive inhibition.

Thus, we have completed the simulation of a realization of six
from of eight nontrivial binary logical functions of two variables on
a separate c>ndrite branch. The remaining two strict disjunctions
require to introduce overexcitation in a dendrite branch. The, so -
called Ca*, - dependent potassium current may serve as a physi-
ological basis of oferexcitation. Up till recent time there was no
evidence of the afresgnce of these canals in dendrites. Recently
it has been shown by testing the action of extracellular electrical -
field on motoneurons of the turtle that the stable depolarization
appearing in the distal dendrite is established easier if one blocks
up the mentioned canals (Haensgaard, Kichn). Thus, a possibility
of realizing a complete set of binary logical functions on a bistable
dendrite is arised.
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