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Background
Oscillatory activity in high-beta and gamma bands
(20-80Hz) is known to play an important role in cortical
processing being linked to cognitive processes and beha-
vior. Beta/gamma oscillations are thought to emerge in
local cortical circuits via two mechanisms: the interac-
tion between excitatory principal cells and inhibitory
interneurons – the pyramidal-interneuron gamma
(PING) [1], and in networks of coupled inhibitory inter-
neurons under tonic excitation – the interneuronal
gamma (ING) [2]. Experimental evidence underlines the
important role of inhibitory interneurons and especially
of the fast spiking (FS) interneurons [3,4]. We show in
simulation that an important property of FS neurons,
namely the membrane resonance (frequency preference),
represents an additional mechanism – the resonance
induced gamma (RING), i.e. modulation of oscillatory
discharge by resonance. RING promotes frequency sta-
bility and enables oscillations in purely excitatory
networks.

Methods
Local circuits were modeled with small world networks
of 80% excitatory and 20% inhibitory neuron populations
interconnected in small-world topology by realistic con-
ductance-based synapses. Neuron populations were leaky
integrate and fire (LIF) or Izhikevich resonator (RES)
neurons. We also tested networks of purely inhibitory
and purely excitatory RES neurons. Networks were sti-
mulated with miniature postsynaptic potentials (MINIs)
[5] and with low frequency sinusoidal (0.5 Hz) input that
mimics the effect of gratings passing trough the visual

field. The activity was calibrated to match recordings
from cat visual cortex (firing rate, oscillatory activity).

Results
Sinusoidal input modulates network oscillation
frequency. This effect is most prominent in IF excitatory
and IF inhibitory (IF-IF) networks and less prominent
(about 4 times) in IF-RES or RES-IF networks where
frequency remains relatively stable. The most stable fre-
quency was observed in networks of pure resonators
(RES-RES, None-RES, RES-None). Interestingly, purely
excitatory RES networks (RES-None) were also able to
exhibit oscillations through RING. By contrast purely
excitatory or inhibitory IF networks (IF-None, None-IF)
were not able to express oscillations under these condi-
tions, matching experimental parameters.

Conclusions
In both PING and ING, adding membrane resonance to
principal cells or inhibitory interneurons stabilizes net-
work oscillation frequency via the RING mechanism.
Notably, in networks of purely excitatory networks, where
ING and PING are not defined, oscillations can emerge
via the RING mechanism if membrane resonance is
expressed. Thus, RING appears as a potentially important
mechanism for promoting stable network oscillations.
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