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In last decades, the study of neuronal dynamics has witnessed considerable attention from the perspective of com-
plex systems. In fact, neuronal networks are self-organized systems, representing emergent collective behaviors such
as synchronization and chimera patterns. Majhi et al. [ 1] presented an excellent and comprehensive review of chimera
states in neuronal networks. They investigated related researches in the literature to discuss the role of different synap-
tic connections, neural models, coupling schemes and network structures, on the emergence of chimera patterns.
Chimera state was first started from the observation of coexistent synchronized oscillators with unique frequency and
desynchronized oscillators with distributed frequencies, in non-locally coupled phase oscillators [2]. It has been in fo-
cus of many researches in different fields. In addition to phase oscillators, some studies have revealed the existence of
chimera patterns in chaotic and periodic maps [3], pendulum-like oscillators [4] and neuronal networks [1]. According
to the observed spatiotemporal patterns, different types of chimeras, including imperfect chimera [5], chimera death
[6], alternating chimera [7], traveling chimera [8], etc. have been introduced. It seems that the different mechanism
of these chimera types can lead them to be relevant to distinct phenomena. As completely stated in the review [1],
chimera states have strong associations with neural functions such as uni-hemispheric sleep in animals, as well as
many malfunctions including Epileptic seizure and Parkinson disease [9,10]. Therefore, the survey of chimera states
in neuronal network is of crucial importance. Although there are some developments in this area, many attempts and
opportunities are remained to concentrate on all aspects.

The collective behaviors in complex networks with single layer, is different from those with multilayer structure.
In their review, Majhi et al. [1] have competently described the advantage of using multilayer networks in different
systems and reviewed the previous works on chimera states in multilayer networks. The multilayer network is a novel
tool for modeling biological systems which include complex interactions [11]. The concept of multilayer and multi-
plex systems provides comprising several categories of connectivity [12]. The information transmissions between the
nerve cells occur through synaptic and non-synaptic communications. In synaptic communications, the information
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flows from one neuron to another, by chemical or electrical neurotransmission, that were well explained in the review
[1]. The non-synaptic communications, which are also called ephaptic couplings, take place via the electrical current
flow through the extracellular space and are associated with the electric field effects. The ephaptic interactions have
considerable significance in restoring significant brain functions, by release of transmitters in the extra synaptic space
[13]. Actually, the neural functions are the result of all of these communication paths, which must be considered. The
multilayer framework for neuronal networks can overcome limitations of considering only a single type of synaptic
interactions. An example of studying a multilayer structure with two coupling types, has been done by Xu et al. [14].
They have studied a two-layer network of Hindmarsh-Rose neurons with intra-layer electrical synapses and inter-
layer ephaptic couplings. The chimera states and synchronization were investigated in the network and the effects of
electromagnetic induction on neural dynamics were discussed. Therefore, the multilayer structure yields the applica-
bility of multiple neural communications. So, more challenges and efforts are needed for studying chimera states in
hypernetworks.

The brain functions are not static in time, temporally and spatially. Therefore, the brain activities are naturally
non-stationary. Kaplan et al. [15] have stated that according to their research, the non-stationarity in the brain is the
result of alternations of intrinsic metastable states of a population of neurons, when performing specific functions.
So, it is expected that the spatiotemporal patterns obtained from neuronal networks, be non-stationary. Non-stationary
Chimeras are defined as the chimera states, in which the position of coherent and incoherent oscillators vary in time.
The non-stationary chimera state in neuronal networks, has been studied by Wei et al. [16]. They considered a ring
network of coupled Hindmarsh-Rose neurons with injected external alternating current, which is characterized by
bi-stability. In this network, the neurons were coupled simply through diffusive electrical synapses. Investigating this
network demonstrated that non-stationary chimeras were emerged in different cases of local, non-local and global
couplings. Recently, chimera states were also observed in locally coupled neuronal networks under two- [17] and
three-dimensional [18] grid of network configurations.

As nicely mentioned in the review [1], investigating chimera states in neuronal networks with time-variant con-
nections has achieved negligible attention. However, there are some studies on chimera states in temporal coupled
phase oscillators [19], but the chimera states on neuronal networks have been investigated in static network structures.
Definitely the biological systems are time-varying networks. In the nervous system, the rate of using dendrites or
release of neurotransmitters determines the strength of the connections of neighboring neurons, which vary in time
[20]. Changes in the synaptic strength or synaptic connections are known as neural plasticity [21,22]. The plastic-
ity can change the excitability of the neurons and control their behaviors [21]. It has been proved that plasticity has
strong associations with memory processes, as well as adjusting the states, such as sleep wake transitions [21]. Due
to these biological facts, considering temporal neuronal networks can be more realistic. Recently a few studies have
focused on the synchronization of temporal neuronal networks [23-25]. For example, Rakshit et al. [24] have studied
a two-layer neuronal network, with chemical and electrical intralayer connections and electrical interlayer couplings.
The intralayer connections were supposed to be variable in time with a definite rewiring frequency. They analyzed the
network analytically and obtained the inter and intra layer synchrony by calculating the master stability function.

Overall, the review proposed by Majhi et al. [1] gives an insight into perceiving the current advances in the inves-
tigation of chimera states in neuronal networks. Analyzing the chimera states and recognizing their mechanisms can
help in better identifying specific brain disorders and even controlling them. In order to increase the robustness of
the interpretation of results and make the findings more realistic, various aspects and properties of neural connections
must be incorporated.

References

[1] Majhi S, Bera BK, Ghosh D, Perc M. Chimera states in neuronal networks: a review. Phys Life Rev 2019;28:100-21. https://doi.org/10.1016/
J-plrev.2018.09.003 [in this issue].

[2] Kuramoto Y, Battogtokh D. Coexistence of coherence and incoherence in nonlocally coupled phase oscillators. Nonlinear Phenom Complex
Syst 2002;5:380-5.

[3] Chandrasekar V, Gopal R, Venkatesan A, Lakshmanan M. Mechanism for intensity-induced chimera states in globally coupled oscillators.
Phys Rev E 2014;90:062913.

[4] Wojewoda J, Czolczynski K, Maistrenko Y, Kapitaniak T. The smallest chimera state for coupled pendula. Sci Rep 2016;6:34329.

[5] Parastesh F, Jafari S, Azarnoush H, Hatef B, Bountis A. Imperfect chimeras in a ring of four-dimensional simplified Lorenz systems. Chaos
Solitons Fractals 2018;110:203-8.

[6] Zakharova A, Kapeller M, Scholl E. Amplitude chimeras and chimera death in dynamical networks. J Phys Conf Ser 2016;727:012018.


https://doi.org/10.1016/j.plrev.2018.09.003
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib32s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib32s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib33s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib33s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib34s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib35s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib35s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib36s1
https://doi.org/10.1016/j.plrev.2018.09.003

130 F. Parastesh, S. Jafari/ Physics of Life Reviews 28 (2019) 128—130

[7]1 Majhi S, Ghosh D. Alternating chimeras in networks of ephaptically coupled bursting neurons. Chaos 2018;28:083113.
[8] Mishra A, Saha S, Ghosh D, Osipov GV, Dana SK. Traveling chimera pattern in a neuronal network under local gap junctional and nonlocal
chemical synaptic interactions. Opera Med Physiol 2017;3:14-8.
[9] Berec V. Chimera state and route to explosive synchronization. Chaos Solitons Fractals 2016;86:75-81.
[10] Majhi S, Perc M, Ghosh D. Chimera states in a multilayer network of coupled and uncoupled neurons. Chaos 2017;27:073109.
[11] Gosak M, Markovi¢ R, Dolensek J, Rupnik MS, Marhl M, StoZer A, et al. Network science of biological systems at different scales: a review.
Phys Life Rev 2018;24:118-35.
[12] Boccaletti S, Bianconi G, Criado R, Del Genio CI, Gomez-Gardenes J, Romance M, et al. The structure and dynamics of multilayer networks.
Phys Rep 2014;544:1-122.
[13] Vizi ES, Kiss JP, Lendvai B. Nonsynaptic communication in the central nervous system. Neurochem Int 2004;45:443-51.
[14] Xu F, Zhang J, Jin M, Huang S, Fang T. Chimera states and synchronization behavior in multilayer memristive neural networks. Nonlinear
Dyn 2018;94:775-83.
[15] Kaplan AY, Fingelkurts AA, Fingelkurts AA, Borisov SV, Darkhovsky BS. Nonstationary nature of the brain activity as revealed by
EEG/MEG: methodological, practical and conceptual challenges. Signal Process 2005;85:2190-212.
[16] Wei Z, Parastesh F, Azarnoush H, Jafari S, Ghosh D, Perc M, et al. Nonstationary chimeras in a neuronal network. Europhys Lett
2018;123:48003.
[17] Kundu S, Majhi S, Bera BK, Ghosh D, Lakshmanan M. Chimera states in two-dimensional networks of locally coupled oscillators. Phys Rev
E 2018;97:022201.
[18] Kundu S, Bera BK, Ghosh D, Lakshmanan M. Chimera patterns in three-dimensional locally coupled systems. Phys Rev E 2019;99:022204.
[19] Buscarino A, Frasca M, Gambuzza LV, Hovel P. Chimera states in time-varying complex networks. Phys Rev E 2015;91:022817.
[20] Cumin D, Unsworth C. Generalising the Kuramoto model for the study of neuronal synchronisation in the brain. Physica D 2007;226:181-96.
[21] Destexhe A, Marder E. Plasticity in single neuron and circuit computations. Nature 2004:431:789.
[22] Spitzer NC. Neurotransmitter switching? No surprise. Neuron 2015;86:1131-44.
[23] Parastesh F, Azarnoush H, Jafari S, Hatef B, Perc M, Repnik R. Synchronizability of two neurons with switching in the coupling. Appl Math
Comput 2019;350:217-23.
[24] Rakshit S, Bera BK, Ghosh D. Synchronization in a temporal multiplex neuronal hypernetwork. Phys Rev E 2018;98:032305.
[25] Rakshit S, Bera BK, Ghosh D, Sinha S. Emergence of synchronization and regularity in firing patterns in time-varying neural hypernetworks.
Phys Rev E 2018;97:052304.


http://refhub.elsevier.com/S1571-0645(19)30037-5/bib37s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib38s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib38s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib39s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3130s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3131s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3131s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3132s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3132s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3133s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3134s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3134s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3135s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3135s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3136s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3136s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3137s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3137s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3138s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3139s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3230s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3231s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3232s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3233s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3233s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3234s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3235s1
http://refhub.elsevier.com/S1571-0645(19)30037-5/bib3235s1

	Different properties of neuronal networks matter for the emergence of chimera states
	References


