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Anaesthetic agents are known to affect extra-synaptic
GABAergic receptors[1], which induce tonic inhibitory
currents. Since these receptors are very sensitive to
small concentrations of agents, they are supposed to
play an important role in the underlying neural

mechanism of general anaesthesia. Moreover anaesthetic
agents modulate the encephalographic activity (EEG) of
patients and hence show an effect on neural popula-
tions. To understand better the tonic inhibition effect in
single neurons on neural populations modulating the
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Figure 1 The population firing rate in a population of type-I neurons plotted with respect to the conductance at excitatory synapses GE. The
tonic inhibition shunts the membrane at extra-synaptic inhibitory receptors in average by 0.1nS. The heterogeneity of the shunting
conductances have standard deviations 0.1nS (black) and 0.5nS (red).
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EEG, the work considers a neural population in a
steady-state and studies numerically and analytically the
modulation of its population firing rate and the non-
linear gain with respect to different levels of tonic inhi-
bition. We consider populations of both type-I and
type-II neurons. The populations under study are het-
erogeneous involving distributions of firing thresholds
and inhibitory conductances. The tonic inhibition intro-
duces shunting action.
The work reveals an increase of the population gain

by increasing tonic inhibition and discovers a maximum
of the gain subjected to the level of inhibitory heteroge-
neity, cf. Fig.1 for a population of type-I neurons. Here
we have implemented Integrate-and-Fire models includ-
ing constant excitatory, inhibitory and leaky conduc-
tances. In addition to the numerical study, we derive
analytical expressions for the population firing rate in
the presence of the inhibitory heterogeneities. All
numerical results show good accordance to the corre-
sponding analytical expressions. The modeling results
obtained show that tonic inhibition increases the firing
threshold and augments the responsivenss of neural
populations to external stimuli.
Summarizing, the present work has discovered an

increase of the population firing threshold and a popula-
tion gain modulation induced by tonic inhibition and
presents a mathematical expression for the population
firing rate. Since extra-synaptic receptors nduce tonic
inhibition and are activated by several general anaes-
thetics, it is reasonable to reason that neural populations
under anaesthetic action experience both effects. Conse-
quently, we conclude that anaesthetics may both dimin-
ish the resting activity by shift of the firing threshold [2]
and disrupts functionally neural circuits by increased
population gain [3].
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