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In the cortical networks, even without external input, sustained asynchronous irregular firing with low
firing rate was observed in vivo, in vitro and in cell culture. Such irregular neural firings, called
“spontaneous firings,” play a crucial role in brain functions, including sensory perception, working
memory, and signal transmissions. The spontaneous firing activity is primarily built upon the well
balance between excitatory and inhibitory interactions in the complex network of neurons. It has been
recently clarified that coexistence of many weak and a few extremely strong excitatory synapses is of
significant importance to sustain the irregular low-frequency firings. The previous studies, however, have
not considered the synaptic connectivity of bidirectional connections among cortical networks and
positively correlated synapses between pre- and postsynaptic neurons. The positive correlation of synaptic
connections may destabilize asynchronous activity and induce pathological synchronized firing among
neurons such as epileptic seizure. It remains unclear how the cortical network avoids such pathological
synchronization. To understand and prevent such pathological activity, robustness of the cortical system
against damage in the network has been one of the focus issues. The paper is organized as follows.

(1) Firstly, using a mathematical model of the cortical network, the paper found that uniformity of
the synaptic strengths can easily turn the spontaneous firings into abnormal ones with a strong
synchrony among a large number of neurons. (2) Secondly, randomization of the synapses provides
a straightforward way to suppress the synchrony and recover the spontaneous firing. These results
imply that randomness in the synapses is essential for normal brain activity and formation of
uniformly distributed synapses may trigger pathological activity in the brain. (3) Lastly, the aim of

the hardware implementation in the paper is to verify our methodology on a real electronic hardware.



Practical applicability of the method, which has been developed with theory and examined only with
numerical simulations, should be judged by a real hardware system that physically exists. Although
the entire network of neurons with detailed synaptic connections was not implemented in the present
study, the single neuron circuit provides enough evidence in the sense that the method of
desynchronization was actually confirmed with a real hardware neuron.

The method of suppressing the neuronal synchrony may support the underlying mechanism of
desynchronization during the developmental process of the brain. In addition, the method should be
of practical use for enhancement of neural information processing as well as for improvement of

pathological state of the brain.



