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Abstract

Understanding the mechanics of consciousness remains one of the most im-
portant challenges in modern cognitive science. One key step toward under-
standing consciousness is to associate unconscious physiological processes
with subjective experiences of sensory, motor, and emotional contents. This
article explores the role of various cellular membrane potential differences
and how they give rise to the dynamic infrastructure of conscious experience.
This article explains that consciousness is a body-wide, biological process not
limited to individual organs because the mind and body are unified as one
entity; therefore, no single location of consciousness can be pinpointed. Con-
sciousness exists throughout the entire body, and unified consciousness is ex-
perienced and maintained through dynamic repolarization during inhalation
and expiration. Extant knowledge is reviewed to provide insight into how dif-
ferences in cellular membrane potential play a vital role in the triggering of
neural and non-neural oscillations. The role of dynamic cellular membrane
potentials in the activity of the central nervous system, peripheral nervous
system, cardiorespiratory system, and various other tissues (such as muscles
and sensory organs) in the physiology of consciousness is also explored. In-
spiration and expiration are accompanied by oscillating membrane potentials
throughout all cells and play a vital role in subconscious human perception of
feelings and states of mind. In addition, the role of the brainstem, hypothala-
mus, and complete nervous system (central, peripheral, and autonomic)
within the mind-body space combine to allow consciousness to emerge and to
come alive. This concept departs from the notion that the brain is the only
organ that gives rise to consciousness.
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1. Introduction

This review article serves to introduce consciousness as a living entity that is
maintained through respiration—the sum of the combination of not only the
cells of the internal and external body, but also the cellular and biological
processes that take place within the brain, eyes, heart, lungs, and intact body. We
contend that 1) every mechanism within the body works in unison to bring alive
the tripartite complexity of the mind, brain, and body through sensory organs,
cardiorespiratory synchronization, and oscillatory activity, and 2) these activities
collectively and seamlessly aggregate to create a homogenous consciousness ex-
perience. Here, we propose that consciousness is not located in or around a sin-
gle organ, but rather permeates every cell of the body in reciprocal communica-
tion with the brain and central nervous system. The interconnected and inter-
dependent relationship between the brain and body [1] as we will explain, hap-
pens in part through corticothalamic processes and varying polarity of cellular
membrane potentials (see Table 1). Membrane potentials are one of the “defin-

ing characteristics of living cells”, and changes in voltage regulate transduction

Table 1. Varying resting membrane potentials.

Cell

Resting Membrane Potential

Astrocytes
Large peripheral nerve fibers
Ventricular myocyte
Nerve
Heart
Glial syncytium
Skeletal Muscle
Spinal motor neuron
All of soma
Layer 5 pyramidal neuron
Neutrophils
Intestinal smooth muscle

Olfactory cells (unstimulated)

Primary Tracheobronchial
Human Epithelia-Basolateral

Liver

Primary Tracheobronchial
Human Epithelia- Apical

Human Erythrocyte

20 mV higher than surrounding neurons [6]
-90 mV [7]
-90 mV [8]
-85 mV to =90 mV [7] [9]
-85 mV [9]
—-80 mV to —90 mV [6]
-80 mV to —90 mV [7]
—-65mV [7]
—-65mV [7]
—-60 mV to —80 mV [10]
-60 mV [11]
—50 mV to —60 mV—average is —=56 mV [7]

-55mV [7]
—34mV [11]

—-28 mV to —40 mV [9]
—24mV [11]

-8.4mV to —4.5mV [9] [12]

Cellular resting membrane potential ranges from —90 mV (large peripheral nerve fibers) to —4.5
mV (red blood cell) but does not result from unbalanced ionic phase flow. Instead it measures
the required work to move ions between phases [9]. There is a lack of evidence to support mem-
brane potential in alveolar epithelial cells due to a lack of adequate culture models and compli-
cated anatomy [11].
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of signals [2]. We propose that dynamic membrane potentials at the cellular lev-
el, along with their modulations by inspiration and expiration, play a funda-
mental role in the experience of a consciousness that is not only unified [3], but
is also perceived as a living phenomenon. Western thought emphasizes that
consciousness is localized in the brain; however, Eastern thought suggests that
the mind and body are one, as realized, for example via meditation and Samk-
hya-Yoga through introspection [4]. These practices provide experiences that
lead us to suggest that not only consciousness is a body-wide experience, but al-

so the mind and body are a homogenous entity linked by dynamic homeostasis

[5].

2. A Layered Consciousness

Similar to technology and architecture, consciousness is built upon layers. A
computer cannot execute the simplest of commands without bits and bytes; a
skyscraper cannot be constructed without a strong foundation and proper sup-
port beams; analogously, consciousness cannot arise without the subconscious
and unconscious physiology. Damage to these foundational layers can lead to
partial or complete dysfunction of the whole [13].

There are three neural and non-neural layers that build upon one another in
order for consciousness to emerge. The first layer consists of activity within the
default mode network, resting state network, reticular activating system, cardi-
orespiratory system, and is dominated by slow (alpha) oscillations [6] [13]. This
activity not only creates the foundation on which other oscillatory activity is
built, it also forms the neural sensory memory space. Damage to this layer can
lead to unconsciousness, coma, sleep disorders and autonomic dysfunction [6]
[13]. The second layer is composed of limbic activity, emotions, feelings, gut and
visceral connections, and includes activity from the limbic and cardiorespiratory
systems. Theta and beta oscillations dominate this layer, and damage to this
layer can contribute to emotional disorders, amnesia, and panic attacks [6] [13].
The third layer is attributed to higher processing and consciousness, and is also
responsible for filling in the sensory memory space [6] [13]. Neural activity in
this layer is received from cortical, corticothalamic, and cardiorespiratory areas
and the dominating oscillations are alpha and gamma. Contralateral neglect,
cortical blindness, memory loss (due to stroke), or sensory dysfunction can be
the result if this layer is damaged [6] [13]. Each of these layers builds one upon
the other, constructing the internal framework for a unified conscious expe-
rience through information integration with the thalamus via corticothalamic
feedback loops.

The conscious aspect of human behavior and moods are dominated by the
unconscious and subconscious activities. For example, Kay ef al. explained that
in the rat, theta oscillations are not only referred to as respiratory oscillations,
but that they are also “driven by sensory” input [14]. In another study by Zelano
and colleagues, it was discovered in humans that nasal breathing modulated

cognitive function by granting entrance into limbic areas of the brain, and could
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significantly influence “emotion discrimination and recognition memory” [15].
Furthermore, this study reported that breathing could “influence human cogni-
tive processing”, while rhythmic breathing patterns could modulate electrical
brain activity patterns that regulate behavior, suggesting that there is a possibili-
ty that other processes in the body rhythms (Ze. physiological and autonomic)
could “shape neural oscillations to optimize human perception, emotion, and
cognition” [15]. The study implied that breathing is not simply a passive action
mediated by stimulation or attentiveness, but rather it is a promoter of oscillato-
ry synchrony and could “optimize information processing in the brain areas
mediating goal-directed behaviors” [15]. These studies suggest that cognitive
function and brain activity are both modulated by respiration, thereby support-

ing our theory that respiration helps facilitate consciousness.

3. Oscillatory Activity

The behavior of oscillations at the cellular and subcellular levels directly result
from negative feedback loops along with coupled positive and negative feedback
loops, indicating that oscillations are the natural end-products of biochemical
interactions within the cells [16]. As with facilitating processes associated with
embryogenesis, oscillations during growth and adulthood modulate the function
of organs and processes of life. Deviant oscillatory patterns can result in deve-
lopmental defects and or disease [16].

We offer a new perspective in that: 1) oscillations such as cardiorespiratory
and brain rhythms may be involved in energy metabolism to various organs [6],
2) oscillations and brain rhythms create an internal reality that allow one to
perceive the external and internal world [6] [17], 3) the synchronization or
de-synchronization of cardiorespiratory oscillations with the brain stem allow
the emotional brain to determine the meaning of the visceral sensations of the
chest and gut [18], and 4) corticothalamic oscillations include feed forward and
feedback information from the senses that functionally allow a person the sense
of awareness and to experience the external world. All cells of the body are elec-
trically charged and connected via gap junctions to form an intra-personal space
that subconsciously proxies for the external space that we have termed the “3D
default space” [6]. Physiology of vision has been studied extensively, and we
have proposed a new theory that highlights the primary role of the retina and
lateral inhibition [19]. The synchronous oscillatory activity among the thalamic
reticular nucleus, the retina, and various locations in the cortex allows one to see
a seamless image that subconsciously proxies for external images. The thalamic

reticular nucleus unifies the final focusing of the retinal images [19].

4. Thalamus

Information transmitted to the cortex is actively governed by the thalamus and
the thalamic reticular nucleus, coupled by feedback from the cortex, thus making
the thalamus important in cortical processing of peripheral information. This is

because all information must pass through the thalamus [20], and sensory in-
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formation must be filled in prior to conscious awareness [6]. The thalamus re-
lays information to the cortex regarding the environment and internal processes,
while the cortex communicates with the thalamus concerning output from mul-
tiple processing stages [21].

The thalamic reticular nucleus is a thalamic inhibitory agent, regulates corti-
cothalamic networks excitability, and gives rise to some of the rhythms observed
in sleep [22]. Neural responses are influenced by inhibition through interactions
with membrane dynamics. For instance, relay cells can fire in rapid burst spikes
or in tonic trains [23]. Rapid burst spikes occur during low membrane voltage
(sleep), are unable to respond to new excitatory input, but are able to recover
from inactivation by strong hyperpolarization, and may play a role in vision be-
cause they cause cortical excitement [23]. These spikes can transmit separate in-
formation from information encoded in single impulses [23]. Bursting increases
with drowsiness or inattentiveness, suggesting that bursting acts like a wake-up
call, which is significant for information that is relayed through the thalamus
[20]. During waking behavior, thalamic relay cells experience tonic and burst
firing; however, tonic firing occurs more frequently in alertness and during
membrane depolarization (waking) [20] [23].

Cellular communication is supported by gap junctions, which are capable of
generating gamma rhythms in inhibitory neurons because “cells with strong
electrical coupling can fire synchronously at low frequencies”, and they can as-
sist with neuronal calibration in the visual cortex [24]. During sleep and waking
states the membrane potential plays a fundamental role in thalamic neurons.
Drowsiness begins at approximately —70 mV and full-blown slow-wave-sleep is
induced at —90 mV [25], suggesting that the thalamus exhibits a lower mem-
brane potential than does the cortex because of the ~20 mV difference between
states of waking and sleeping. The difference in membrane potential leads to a
change from alpha, beta, and gamma waves to delta waves during deep sleep
when 1) the membrane potential is high [26], or 2) from faster rhythms during a
waking state to low-frequency rhythms observed during slow-wave and rapid
eye movement sleep [24] [27]; however, the role of various EEG waves is not
known. During the waking state, the thalamus communicates with the cortex via
reciprocal connections—which could be the basis of cognition, and the thalamus
is in a mode of tonic firing, which is suspected to be the vehicle for information
transfer from the thalamus to the cortex [28]. During slow-wave sleep the tha-
lamus shifts to a burst mode of firing and is associated with the disconnection
between the thalamus and cortex [28]. For further explanation on respiration
and membrane potentials, please see our previous article discussing widespread
depolarization during expiration as a source of respiratory drive [5].

Corticothalamic neurons in the lateral geniculate nucleus and pulvinar may be
influenced by neurons in the thalamic reticular nucleus. Neurons in the thalamic
reticular nucleus influence corticothalamic neurons in many ways, including: 1)
reduction of spike rates via direct inhibition, 2) increase of responses via disin-

hibition via dendrodentritic synapses, and 3) switching/changing their firing
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modes resulting in how the cortex receives information [21]. Furthermore, it is
possible that thalamic reticular neurons: 1) affect synchrony and oscillatory pat-
terns of thalamic neurons, and 2) serve as a pacemaker of corticothalamic oscil-
lations because the thalamic reticular nucleus is specifically positioned to assist
in cortical synchronization [21]. Cholinergic input to the thalamus mediates al-
pha oscillations. Additionally, cholinergic inputs may change the synchrony of
neurons in the lateral geniculate nucleus because this area contains different

groups of neurons that fire at distinct phases of alpha oscillations [21].

5. Membrane Potentials and the 3D Default Space

The thalamus is an essential component in the process of consciousness because
this hub receives and processes sensory and periphery information, then re-
projects it into an external visual field, giving the impression that images and
events are external [17]. However, we contend that this information processing
must occur in order for a person to understand what is being experienced. The
external world is merely a complex, internal recreation based on many factors
including glucose and energy metabolism, neurotransmitters, efferent and affe-
rent signals, memory, and attention processes that work together to form the
experience of unified consciousness [6].

The three-dimensional (3D) default space is the intrapersonal space [6], which
is brought into existence through the body’s cellular unity and electrical com-
munication—facilitated by gap junctions and messenger activity through inter-
cellular fluid [29] [30] [31]. This 3D default space consists of the entire brain,
body, communicating cells, and the neural sensory memory space [6]. We sug-
gest that the rhythmic oscillations synchronize with those in the periphery and
viscera.

The neural sensory memory space is comprised of oscillations from the reti-
cular activating system, the default mode network, and the resting state networks
[13]. When the thalamus fills in this space with visual and non-visual represen-
tations, and processed sensory information, it allows consciousness to emerge
[6]. The consciousness experience occurs when: 1) sensory information from the
body and information from the neural sensory memory space is processed
through corticothalamic feedback loops, and 2) the thalamus is able to receive
and integrate this information to fill in into the 3D default space [6].

We speculate that the highest membrane potentials exist within the astrocytes
and neurons located in the brain, and they send electrical energy over long dis-
tances (interneurons of the skin and muscles) where the membrane potentials
are lower. The oscillations are generated by areas of higher membrane potential
that move to areas of lower membrane potential, repeating the process over and
over. Once the areas of lower membrane potential increase, the electrical energy
moves to the brain where depolarization has occurred as the result of oscilla-
tions. This cycle occurs at all levels between the thalamus and cortex, as well as
between the thalamus and peripheral neurons. The thalamus is able to commu-

nicate with all sensory organs, and perform memory and executive functions
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within 150 milliseconds [32]. We contend this occurs through a flow of back and
forth parallel information processing, allowing a person to become aware of his/

her internal and external surroundings while awake.

6. ATP Formation and Respiration

Cellular respiration in the mitochondria begins with glycolysis—the process in
which glucose is broken down into pyruvic acid, forming adenosine triphos-
phate (ATP) required for energy [7]. The second stage of glycolysis is the citric
acid cycle, and the third stage is the electron transport chain (ETC) [7]. The
electrons are stored in the chain and allow for the regulation of potassium
channels in both the mitochondria and cell membranes [33]. This membrane
potential drives millions of cellular functions, suggesting that electrons are the
currency used for cellular and organism survival, because mitochondrial potas-
sium channels regulate mitochondrial respiration and alteration of membrane
potential [33].

Energy is essential for: 1) motility, 2) sustaining life, and 3) establishing and
maintaining a difference in electrochemical potential between the inside and
outside of a cellular membrane—which allows the organism to receive or pro-
vide metabolites [34]. Glucose and oxygen create the electrons needed for the
electrical potential through glycolysis within the mitochondria (where energy is
derived)—and we suggest that all cells require electrical potential for survival.
Energy metabolism could be affected by the interaction of slow synchronous os-
cillations, and cellular and molecular interactions within the body provide ener-
gy to neurons and astrocytes [6]. This creates a dynamic infrastructure that al-
lows peripheral areas to transmit information to the thalamus, and to be pro-
cessed through corticothalamic feedback loops within milliseconds [6]. Thus
membrane potential occurs as a result of membrane bound respiratory com-
plexes [34].

Previously it had been proposed that with inspiration the membrane potential
of all cells increases, while during expiration it decreases [3]. The metabolic evi-
dence of this correlates with ATP formation during oxygenation and decreases
when oxygen availability is lower [35]. We adduce that during the formation of
electrons in the ETGC, tiny electrons are released, travel via gap junctions, and are
directly transmitted to various cells, and thus each breath dynamically raises the
electrical potential in the cells maintaining consciousness.

Autonomic (metabolic) breathing (medulla oblongata and pons) is vital to all
cellular functions by providing oxygen and energy to all the cells, and autonomic
breathing directly corresponds with changes in emotions because of the complex
interaction between the brain stem and the limbic and cortical structures [36].
Behavioral breathing has a direct effect on feelings, sense of self, and the emo-
tions through synchronization between breathing and the emotion a person is
feeling, because each emotion is associated with a specific breathing pattern [36]
[37].
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7. Respiration and Membrane Potentials

Cardiorespiratory synchronization affects the autonomic nervous system and
brain activity by increasing homeostatic membrane potential and decreasing in-
trinsic cellular excitability [5]. This demonstrates that 1) respiration influences
brain activity, autonomic nervous system function, blood pressure, and heart ac-
tivity, and 2) respiration governs homeostatic physiology [3]. This suggests that
respiratory neurons in the brainstem are vital components in respiratory control
because they generate breathing activity and participate in sensory responses
such as fluctuations in oxygen and carbon dioxide.

Respiration consists of an intricate web of intrinsic, synaptic, and modulatory
properties that allow the respiratory network to continuously adapt to external
and internal environmental changes [38]. Breathing can modulate behavior and
behavior can modulate breathing [5] [38] [39]. We propose that breathing is a
dynamic and global activity that releases and sends electrical impulses through-
out the body (via slowly adapting stretch receptors), and due to the small size of
these electrons, they are able to penetrate all of the body’s tissues (see Figure 1).

For example, breathing can modulate fear, arousal, and cognitive states; and
vocalization, sleep, arousal, fear, exercise, hypoxia, or hypercapnia can modulate
breathing [5] [38] [39] [40]. Respiration affects sympathetic and parasympathet-
ic activity by decreasing or increasing cardiorespiratory coherence [3] [41] [42];
therefore, we propose that respiration allows for the constant, real-time commu-
nication between the brain and sensory organs.

Inhibition in the cortex, thalamus, hypothalamus, amygdala and reticular ac-
tivating system takes place during hyperpolarization and includes slow wave
sleep [41]. During sleep, the membrane potential of the thalamus increases by
~20 mV, severing the connection between the thalamus and cortex [43]. The os-
cillatory change from alpha and gamma to delta shows a direct relationship be-
tween consciousness and membrane potentials, and specific oscillatory activity.
We contend that membrane potential in the brain is like a switch, and increasing
membrane potential—either through natural occurrence or by artificial means—
renders a person unconscious, as seen in sleep.

The role of respiration in how consciousness is maintained refers to con-
sciousness being supported by both conscious and unconscious physiology,
along with the layers of consciousness and unconsciousness that are powered by
breathing [6] [13]. Our contention is that respiration causes the dynamic fluctu-
ation observed in cells during repolarization and depolarization, and is vital in
cellular function and oscillatory activity. Respiration influences the subcons-
cious—where respiratory activity (through respiratory oscillations) is apparent
in the limbic system, limbic cortex, hypothalamus, blood vessels and skin, and
peripheral areas (heart and lungs) that are involved in subconscious emotion
processing, and in consciousness, where respiration is involved in changes in
brain waves [13] [42]. Each emotion has a specific respiratory pattern associated
with it, and during inspiration, one is able to intuitively assess the feeling expe-

rienced at that moment [37]. The default mode network, cortical cells, and tha-
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lamus are all supported by increased membrane potentials resulting from
breathing, and in turn, respiration involved in carrying out short- and long-term
activity of the cells [13]. Furthermore, inspiration and expiration are associated
with fluctuations in membrane potentials changes that underlie the dynamics of
rhythmic breathing [3].

Normal Oscillations and Membrane Potentials

Inspiration, Membrane Potential Increase

Baseline Membrane Potentials Baseline Membrane Potentials

Delt. Hz
Theta: 4 to 7 Hz

Thalamus Thalamus ——

Amygdala — Amygdala —

Brain Stem

Vagus nerve

Sympathetic —
chain

Figure 1 illustrates membrane activity that occurs with inspiration. Breathing is an unconscious
activity and normal respiration consists of 6 - 20 breaths per minute. During inspiration, an increase
in electrical potential causes hyperpolarization in all the body’s cells, shown with the white illumi-
nation. When inspiration takes place, the intake of oxygen induces cellular respiration which releases
electrons from the electron transport chain into the lungs and surrounding tissues, including the
heart, blood vessels, nerves, muscles and skin. With inspiration, immediate physiological changes
take place: respiratory sinus arrhythmia in the heart, the Herring Breuer Reflex in the brain stem,
hyperpolarization and inhibition of sympathetic neurons, activation of slowly adapting stretch re-
ceptors in the lungs, and oscillations that lead synchronization with brain waves.

Figure 1. Membrane potential changes during inspiration.

8. Respiration and Sighing

Sighing is associated with emotional states [44], such as is observed in states of
anxiety where sighing is exaggerated [45]. Furthermore, evidence suggests that
excessive sighing can exaggerate panic [45]. Sighing is also considered to be es-
sential for an organism’s survival. For example, in experiments using mice that
were genetically engineered to lack the ability to sigh, it was found that the mice
incapable of sighing died of major lung problems sooner than normal mice [45]
[46]. Additionally, research suggests that sighing helps to reset normal breathing
patterns, and can “activate the cardiovascular system...by imposing very low
frequency oscillations” [44]. These studies support our theory that breathing is
vital to cellular functions and oscillatory activity that influence unconscious ac-
tivities of the heart and lungs that involve emotions. This is because the auto-
nomic nervous system is modulated by increased membrane potential and “de-
creased intrinsic cellular excitability”, and the cardiorespiratory system maintains

membrane potentials of neural and non-neural cells throughout the body [5] [6].

9. Breathing Brings Consciousness to Life

We contend that the state or quality of awareness would not be possible without
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breathing. The ability to feel at any given moment is possible because the emo-
tional circuits—composed of the limbic system, cardiorespiratory system, and
gut—are activated by inspiration and expiration [36]. Cognitive functions per-
formed by the brain such as wakefulness, sense of self, and the executive control
system of the mind utilize nearly 20% of oxygen supplied by a large volume of
blood (maintained at approximately 50 mL/100g of brain tissue per minute)
[47], and 50% to 80% of the energy consumed by the brain is utilized in signal-
ing associated with neuronal input and output activity [48].

Unconsciously, breathing activates all cells within the body including internal
emotional circuits [36] thereby providing a person with a moment to moment
and intuitive assessment of how one “feels”. It is well known that during anxiety,
breathing rates increase and are shallow, but deep breathing has been shown to
help decrease anxiety states [39] [40]. Additionally, the role of rapid breathing is
evident in hyperventilation (leading to panic attacks) [49] and breathing into a
paper bag has shown to be efficacious in returning respiration to normal [50].
Evidence suggests there is a definitive link between the sympathetic nerve and
breathing [51] [52]; therefore, we contend that more research should focus on

the link between respiration and sub-threshold oscillations in various organs.

10. The Role of Meditation in Treating Stress

Meditation practices including mindfulness-based stress reduction (introduced
in 1979) and mindfulness-based cognitive therapy (introduced in 1995), have
been shown to use meditation to “effectively manage and treat a range of psy-
chological symptoms (anxiety, depression, emotional responses to stress)” [53].
These types of practices help a person develop the ability to accept his/her expe-
riences instead of finding ways to avoid negative experiences/stimuli [53]. Fur-
thermore, evidence confirms meditation helps to decrease stress levels and atte-
nuate symptoms of: 1) depression, 2) anxiety, 3) negative coping, 4) negative af-
fect, 5) somatization, 6) self-hostility, and 7) post-traumatic stress disorder [53]
[54] [55].

Meditation also helps synchronize the heart with respiration. For example,
during meditation, the ratio of heartbeats to breaths has been shown to be pre-
dominantly 4:1 and 5:1 through slower breathing patterns [56]. This induces a
‘relaxation response’, termed by Herbert Benson, which can cause instant physi-
ological changes including decreases in: 1) oxygen consumption/carbon dioxide
elimination, 2) heart rate, 3) blood pressure, 4) respiratory rate, and 5) sympa-
thetic nervous system reactivity during times of stress [55]. These hemodynamic
changes that occur in meditation result from slower breathing patterns and de-
creased heart rate, which synchronize the heart and lungs, creating a sense
calmness [57]. Furthermore, meditation increases neuronal and cellular mem-
brane potentials through cardiorespiratory synchronization, decreasing the in-
trinsic cellular excitability responsible for activity of the autonomic nervous sys-

tem and brain [5].
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11. Corticomuscular Coherence

Corticomuscular coherence occurs in all muscles, suggesting a single connection
in the complexity of oscillatory interactions in the cortex, thalamus, and cere-
bellum [58]. Corticomuscular coherence is highly regarded as the method to di-
rectly measure the relationship and connection between cortical and muscular
activities, and electrophysiological signals are used to measure oscillatory activity
within the brain [59]. Corticomuscular oscillations at ~10 Hz indicate brain-
muscle communication, beta band oscillations (13 - 30 Hz) are associated with
controlling less than maximal muscle force, and low gamma band oscillations
(30 - 60 Hz) are associated with controlling the production of stronger muscle
force [59].

Electroencephalography and magnetoencephalography measure corticomus-
cular coherence, and the phase locking of oscillations between brain and muscles
[60] supports our theory in that peripheral activity is unified with central activity
in real-time. This is because synchronous oscillatory activity of alpha, beta, and
gamma activity is fundamental for motor control [61]. For example, in experi-
ments using healthy subjects performing isometric muscle contraction tasks,
transcranial alternating current stimulation revealed that alpha and low gamma
band activity 1) affected one other, and 2) modulated motor cortex and muscle
interactions when working together [61].

It is known that gamma oscillations reflect cognitive functions and voluntary
motor activities [59]. Coherence of gamma frequency band persists during slow
movement, and studies have reported a decrease in the gamma band coherence
in patients who did not recover well from stroke [59]. It is thought that lower
corticomuscular coherence reflects either a lack in brain-muscle communica-
tion, or poorly integrated signals between the brain and muscles during motor
actions [59].

We suggest that the brain, astrocytes, neurons, interneurons, heart, and peri-
phery (sensory organs and limbs) pulsate at nearly the same frequency as the
brain, which in turn, allows a person to respond and react to the external world
in real time. For example, it is known that beta band oscillations in the somato-
sensory cortex are synchronized with the motor cortex oscillations, which allow
oscillatory sensory reafference to correctly interpret oscillatory motor com-
mands [62], and the motor cortex oscillates in the beta band frequency of about
20 Hz with the muscles contracting contralateral side of the body [62].

Additionally, it has been shown that subthreshold oscillations are evident in
membrane potentials of primary sensory neurons in rat dorsal root ganglia cells
[63]. These oscillations were voltage sensitive in amplitude, frequency, and co-
herence, and it was discovered that upon reaching threshold, oscillations gave
rise to action potentials [63]. Furthermore, oscillations influence biochemistry
and could play a role in diabetes mellitus [64], and aberrant oscillatory patterns
have been shown to be concurrent with severe disease and defects (i.e. primary
ciliary dyskinesia), or play a significant role in the development of other disord-

ers due to disruption of cellular oscillations that regulate the circadian clock (Ze.
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metabolic syndrome and cognitive disorders related to schizophrenia) [16].
These studies suggest that oscillations play a significant role in internal functions

of the body, which affects the consciousness experience.

12. Conclusion

This article presents evidence from studies on oscillations, respiration, and
membrane potentials to support a theory that consciousness is body-wide bio-
logical process not limited to individual organs. Current research regarding the
location where consciousness emerges is at best, a fragmented approach. We
contend that the mind and body are unified and work together as one entity, and
suggest that consciousness exists throughout the entire body. This theory pro-
motes consciousness as a unified experience that is maintained through respira-
tion and membrane potentials because respiration is essential in the body’s abil-
ity to continue to function. Without respiration, consciousness is terminated.
Furthermore, in order for a person to have a complete and fully-developed con-
sciousness experience, the brain, entire body, respiration, cellular and molecular
changes, and membrane potentials must all work in unison. More research is
needed to connect consciousness to oscillations, respiration, and membrane po-

tentials, to further explore this theory.
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