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Sleep is a complex dynamic phenomenon, 
which is continuously attracting attention 
of the scientific fraternity due to its mys-
tifying unanswered nature and enigmatic 
functional significance. Understanding 
of the neurophysiological basis of sleep, 
primarily defined in electrophysiological 
landscape, has undergone tremendous 
changes in past years. There has been a 
paradigm shift in understanding of sleep 
from passive to active process, notwith-
standing the recent autonomous self-
regulatory global theory. In 1924, a broad 
consensus was arrived at on the electro-
encephalographic correlates of waking 
and sleep when Hans Berger recorded 
distinctly different wave patterns during 
these two states. In 1916, von Economo’s 
conscientious observation of lesions 
at midbrain diencephalon junction in 
patients who died of encephalitis lethar-
gica or sleeping sickness (excessive sleepi-
ness) had set the precedence for looking 
for localization of brain regions involved 
in the regulation of sleep (von Economo, 
1930). But all along there was the wider 
belief that sleep, like life itself, may be too 
complex a phenomenon to be localized 
in any part of the brain. Later Aserinsky 
and Kleitman (1953) discovered rapid eye 
movement (REM) sleep, a classification 
was introduced for sleep as REM and non-
rapid eye movement (NREM) sleep. There 
has been an apparent paradigm shift in the 
understanding of the mechanism of sleep 
regulation with the recent suggestion of 
autonomous self-regulatory global entity 
(Kumar, 2010). The complex organiza-
tional network of the mammalian brain 
oscillated through three distinct global 
activity states: wakefulness, NREM, and 
REM sleep. The micro-features, and neural 
network involved in this auto-oscillation 
of sleep-wakefulness, are highlighted here 
to give an insight into global dynamics of 
the prototype sleep.

Sleep related omnipotent 
neuronal networkS in brain
Single neuronal activity recording during 
sleep-wakefulness provided an insight into 
localization of various neurons that altered 
their firing rates during different stages of 
sleep. Such neurons specifically showing 
correlation with sleep-wakefulness have 
been identified in various parts of the brain 
including the basal forebrain, preoptic area 
(POA), hypothalamic area, locus coeruleus, 
pontine tegmentum (Pace-Schott and 
Hobson, 2002). In the POA, the medial 
POA and the ventrolateral POA were recog-
nized and debated for their role in initiation 
and maintenance of NREM sleep, whereas 
pontine tegmental areas were identified for 
playing a significant role in generation of 
REM sleep. Recent studies brought out the 
involvement of basal forebrain in the regu-
lation of REM sleep (Srividya et al., 2004; 
Gulia et al., 2008). It was also proposed 
that the sleep-wake regulatory network is 
organized in a hierarchical rostro-caudal 
manner in the brain (Villablanca, 2004). It 
is interesting to note that a lesion in any 
one of these areas never elicited absolute 
insomnia. A meta-analysis of sleep loss after 
experimentally induced lesions in the cru-
cial sleep regulating brain regions showed 
that the encountered sleep loss ranged 
between 10 and 55%. Similarly, in neuro-
logical conditions like a stroke, a complete 
loss of sleep was rarely ever observed, and 
sleep was restored within a couple of days, 
depending on the degree of insult to brain 
and the associated recovery due to medical 
intervention. These observations suggest a 
wide distribution of sleep regulatory net-
works in both the hemispheres of the brain.

There are instances of uni-hemispheric 
sleep in some animals in which slow-wave 
sleep, characterized by slow-wave electro-
encephalography (EEG) activity, in one 
hemisphere is accompanied by a low volt-
age EEG (characteristic of wakefulness) in 

the contra-lateral hemisphere. This pattern 
switches over periodically, between the two 
hemispheres (Mukhametov et al., 1977; 
Lyamin et al., 2008). Amongst the mam-
malian species, uni-hemispheric sleep is 
observed in aquatic species of the orders 
Cetacea and pinnipedia (dolphins and 
seals). A few migratory avian species also 
display such phenomenon (Rattenborg, 
2006). The activity versus rest (sleep) frame-
work is germane to the simplest single cellu-
lar organisms and the highly evolved species 
on the earth. It perhaps may be nature’s 
solicitous blueprint to provide alternate 
pathways in brain so that the crucial func-
tion like sleep may be least compromised 
even in most extreme circumstances. That is 
possible only if there are multiple regulatory 
areas which process different inputs from 
the environment and are capable of some 
autonomous control on sleep.

In homeotherms, sleep shares a close 
interrelationship with other crucial func-
tions like thermoregulation for eliciting 
homeostatic responses in the body. The 
sleep disruption alters the body tempera-
ture, which in turn affects sleep. It has 
been demonstrated that the destruction of 
peripheral warm receptors during very early 
development produces long-term neuronal 
changes. The animals in this study showed 
a persistent increase in body temperature 
when they became adults (Gulia et al., 
2005). Besides, animals spent more time in 
NREM sleep when exposed to high ambient 
temperature suggesting that the sleep reg-
ulatory circuit worked in close synchrony 
with the central thermoregulatory mecha-
nism. This may provide a key adaptive 
mechanism that favors energy conserva-
tion for optimal survival in homeotherms. 
In higher primates, sleep might also serve 
as an integrator and co-ordinator of various 
physiological functions like emotionality, 
attention, learning, memory, etc. Various 
neural networks in different areas of brain 
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that appearance of such peculiar local sleep at 
micro-level can emerge as a consequence of 
prolonged waking. These waking experience-
induced local network changes are believed 
to be sensed by the sleep homeostatic process 
for regional network stabilization.

The concept of local sleep in a construct 
of individual cortical column microcir-
cuits appears promising in understanding 
the deficits in cognition under the various 
circumstances of sleep loss. Nevertheless, 
the term “local sleep” fails to qualify clas-
sical physiological characteristics involved 
in defining sleep. Local sleep in isolated 
single neurons may be too brief and inad-
equate to qualify the criterion for sleep. It 
may be more appropriate to describe local 
features of networks similar to sleep rather 
than designating local sleep as a sub-type of 
sleep. Sleep is a complex neurological state 
that constitutes various key physiological 
and behavioral characteristics and follows 
a specific pattern for its consolidation. 
Global sleep, inevitably representing the 
coherence patterns in a larger network, pro-
vides a kaleidoscope of entire brain activity. 
However, the description of sleep as a global 
phenomenon fails to explain various condi-
tions like parasomnia where co-existence of 
various local dissociated states is prevalent. 
It might be appropriate to study thoroughly 
the various aspects of the criteria employed 
in defining the prototype sleep with latest 
emerging knowledge and concepts. It would 
be beneficial to look into the properties of 
the billions of connected and unconnected 
neurons and glial cells to understand the 
functional correlates of prototype sleep.
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HomeoStatic drive for Sleep 
regulation at cellular and 
network level
Slow-wave sleep is detected as large-ampli-
tude, low-frequency waves in electroen-
cephalographic recordings at macroscale. 
At the cellular level, firing patterns in large 
neuronal populations is synchronized to 
the slow oscillation in specific cerebral 
regions. It is hypothesized that these slow 
oscillations during sleep might facilitate 
neuronal interactions in the brain and that 
the alteration in cortical synaptic strength 
can account for the changes in slow-wave 
activity (Esser et al., 2007; Dang-Vu et al., 
2008). An evaluation of functional connec-
tivity during slow-wave sleep is projected 
as a promising technique for compar-
ing functional neural networks between 
healthy state and mental illness (Langheim 
et al., 2011). In extreme conditions like fatal 
familial insomnia, there may be severe dis-
integration of neural networks controlling 
sleep-wakefulness due to degeneration in 
thalamus (Provini et al., 2008).

Even though sleep patterns are largely 
organized by homeostatic, circadian, and 
allostatic drives in many studied species 
including human, modifications in the 
sleep-wake switch reflect an adaptive ability 
through evolution, partly due to habitat and 
ecological variables (Siegel, 2009; Phillips 
et al., 2010; Saper et al., 2010). Proverbial 
statement that “Sleep is of the brain, by the 
brain, and for the brain” identifies sleep in 
a broader outlook (Hobson, 2005). Whilst 
most functional systems of the body show 
some degree of auto-regulation, it is clearly 
observed in the brain for sleep regulation 
also. There are growing evidences to show 
that sleep might be regulated at a local level 
in different regions of the brain and it is pro-
jected as a fundamental property of neuronal 
networks, dependent on prior activity in 
each network (Krueger et al., 2008; Vassalli 
and Dijk, 2009; Vyazovskiy et al., 2011a). The 
sleep pressure imposes a basic physiological 
constraint on brain function. It is shown that 
when the animals are kept awake for a long 
time, brief episodes of slow-wave appeared in 
the cortical neurons even during waking state 
(Vyazovskiy et al., 2011b). These episodic 
slow-waves are similar to slow-wave activities 
observed during the sleep, and the incidence 
of these waves increased in different areas 
of the cortex with the increased time spent 
in forced waking. It is reasonable to believe 

organize and  consolidate sleep-wakefulness 
in a very subtle way, depending upon inter-
nal and external inputs.

oScillatory dynamicS for reSt-
activity in cortical columnS
Sleep is traditionally assessed by monitor-
ing the field potentials from the scalp as an 
indicator of neuronal activity in different 
regions of the cortex. Though the cortical 
EEG is a useful tool for classification of 
sleep, it is only a gross indicator of neuronal 
activity. Cortical electrical activity during 
NREM sleep is dominated by slow-wave 
oscillatory activity. Though there are grow-
ing evidences to prove that slow-wave oscil-
lations can be generated autonomously by 
neocortical tissue (as these are preserved 
even after extensive thalamectomy), they 
become more regular and organized only 
through a thalamo-cortical feedback loop 
(Steriade, 2003; Fucke et al., 2011). The 
individual neurons are also shown to 
oscillate between activity and rest, and this 
dynamic potential entropy could be influ-
enced by the various inputs. The sleep-like 
functional states may be localized even in 
small neuronal collections like cortical col-
umns (Rector et al., 2005; Millman et al., 
2010). It was even suggested that the corti-
cal columns have intrinsic property which 
might operate even in the absence of sen-
sory inputs in both in vivo and in vitro 
conditions.

Neocortical neurons display two dis-
tinct activity states, i.e., up states and down 
states. In slow-wave sleep, when there is 
a relative absence of sensory inputs, the 
cortex displays the spontaneous slow 
oscillatory pattern referred to as up and 
down states, and the cell ensembles fluc-
tuate between states of sustained activity 
and silent epochs (Reig and Sanchez-
Vives, 2007; Peyrache et al., 2010; Moore 
et al., 2011). It is also suggested that the 
full manifestation of this fundamental 
sleep oscillation is dependent not only on 
(predominant synaptically based) cortical 
oscillator, but it also requires a dynamic 
interaction with other cardinal thalamic 
oscillators (Crunelli and Hughes, 2010). 
More recently, it was suggested that activ-
ity waves during slow-wave sleep do not 
occur spontaneously at random locations 
within the network, but follow preferred 
synaptic pathways on a spatial scale meas-
ured through the scalp EEG.
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