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Abstract. Behavior can be both unpredictable and goal-directed, as animals act in correspondence with their
own motivation. Motivation arises when neurons in specific brain areas leave the state of homeostatic
equilibrium and are injured. The basic goal of organisms and living cells is to maintain their integrity and life,
and their functional state is optimal if it does not lead to physiological damage. This can somehow be sensed
by neurons, and the occurrence of damage elicits homeostatic protection to recover excitability and the ability
to produces spikes. It can be argued that the neuron’s activity is guided on the scale of "damage-protection",
and it behaves as an object possessing minimum awareness. We have no possibility of determining how the
cell evaluates its own states, e.g., as "too little free energy", or in terms of "threat" to life. In any case, the
approach of death increases cellular efforts to operate. For the outside observer, this is reminiscent of
intentional action and a manifestation of will. Thus, homeostasis may evidently produce both maintenance of
life and will.
Keywords: goal-directed action, adaptation, consciousness, neuron, damage, protection, regulation,
homeostasis
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Introduction

The main difference between living creatures and non-living things is generally considered to be the capacity to
reproduce and give offspring. But understanding the laws of heredity has not clarified the mysteries of individual
life, and properties of living systems sharply differ from those of non-living ones. Firstly, living beings actively
counteract their degradation in a constantly changing environment. And secondly, in living systems the relationship
between cause and effect is a paradoxical one: organisms are characterized by poorly predictable motility, which is
supposedly managed by their internal motives. An element of subjectivity is attributed to any living being, while
higher animals manifest consciousness – unless of course this is an epiphenomenon. Consciousness resists attempts
to give it an exact definition, except a trivial one, such as stating it is non-material. However, the most accurate
definition of life belonging to M.F.X. Bichat is also trivial: "those sets of functions which resist death" [1]. Both of
these mysteries are based on individual life and can have a common cause.
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The Brain as a Construct and as a Collective of Neurons

The brain is the most complex organ of the organism, the neuron is the most complicated cell, and the subjective
world of the brain stores the complexity of the objective world. Therefore, the study of behavior, and conscious
behavior in particular, has not yet achieved decisive progress. On the one hand, images of whole-brain activity are
available for monitoring, as well as the activity of individual neurons in different conditions. Comprehensive maps
of neural connections in the brain, connectomes, are intensively elaborating, and the diversity of chemical processes
in nerve cells is also widely studied. There are now means available of local impact on the intracellular apparatus
through the optogenetic method in behaving animals, as well as cell type-specific knockout strategies, and so on.
However, the question how does the brain generate subjectivity – has remained a mystery.
In earlier times, the brain was considered to be a highly complex network consisting of simple neurons. Any
long-term memory-trace was thought to be necessarily embodied in some steadfast changes in the brain.
Correspondingly, memory could be considered as the establishment of new connectivity in the space of the brain,
i.e., as the change of synaptic efficacy. This was suggested by I.P. Pavlov [2], who proposed that during conditional
reflex acquisition, a path is formed (as if blazing a trail or a short circuit) between conditioned and unconditioned
representations of cortical signals. Pavlov likened this process to the establishment of a link between subscribers of
a telephone station – the most complex artificial system at the time. It was believed that during training, the
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structure of the brain is being modified both through the formation of new connections between neurons and
changes in their efficacy. D.O. Hebb suggested the probable mechanism of synaptic efficacy changes after training
[3], and notions of such plasticity and memory have for a long time been synonymous with synaptic plasticity –
with no consideration of other forms of plasticity, like the intrinsic excitability changes of neurons [4]. While this
line of mainstream 20th century neuroscience explains features of behavior as a system of signals and reflexes, it is
interesting to note that in a fundamental review of the past century’s achievements in the neurosciences [5], among
the 349 references there was no record of the work of Pavlov.
Certainly, as a first approximation, neurons can be seen as components and the brain as a construct. But the
idea of synaptic plasticity meets difficulties in furthering a plausible explanation of the facts of memory recovery
after brain injury. Although synaptic efficacy does depend on current behavior, chemical processes beginning in
activated synapses can also interact within a neuron, and therefore the efficacy of a synapse depends on other
simultaneously activated synapses. If a single neuron recognizes a synaptic pattern as a whole, memory does not
exist at all on the synaptic level. In principle, a neuron could regulate its excitability through the tuning of potentialdependent membrane channels. Where else, except in the chemical substratum, could temporarily lost information
be maintained? The only possible 'connectivity' of a single neuron is connectivity in the world of chemical
reactions. Neurons possess a number of biochemical devices: multifarious chemoreceptors, ion channels, sensors,
kinases, carriers, motors, contractile proteins, pumps, gap junctions, etc. Brain cells are the most complex cells in
the body. It’s also known that memory may stay intact while brain morphology is strongly reorganized in the course
of individual development, as for instance during insect and amphibian metamorphosis. On the other hand,
experimental substantiations of the idea of memory localization within neural network structure do not hold water
(for a review see [6]). At present, viewing memory in terms of fixed changes in network structure after learning
(i.e., memory as something akin to a whole picture-gallery written on a single art canvas) is mainly of historical
interest. Besides, none of the "hard problems" (such as why aware performance is always integral and unified, why
the principle of localization is not realized in the brain, or how neuronal activity is transformed into feeling) may be
explained from the viewpoint of the brain as a construct.
Strictly speaking, there is no way to determine whether behavior consists of simply responding to signals, or if
it’s freely generated by the brain. However, if the reactions of the brain would be predetermined by its structure,
and depended solely on ephemeral differences in initial conditions, it would lead not only to variability, but also to
chaotic behavior and would impede goal-directed action. The brain is not a construct made up of neural and glial
cells. It is a collective of primitive organisms – neurons. Networks of such neurons are capable of short-term
reorganization after evaluation of current conditions in the environment. In this case, memory of individual neurons
is a code in a chemical language, although this code is still not deciphered.
First doubts in the decisive role of brain structures in the organization of its functions actually appeared in the
works of K. Lashley [7], the teacher of D.O. Hebb, although the idea of Hebb agrees more closely with the theory
of I.P. Pavlov. On the other hand, at the time Hebb’s idea of the synapse appeared, P.K. Anokhin had already
formulated the theory of functional systems [8]. In Anokhin’s theory, the brain was interpreted as a collective of
neurons capable of individual behavior [9]. Indeed, it was discovered that neurons transiently reorganize their
excitability in accordance with learning [10,11]. This understanding of the role of single neurons in behavior has
begun to be recognized in scientific literature only 50 years later [6,12-20].

3

Systemic Approach to the Problem of Goal Generation

Behavior, at least in its simple forms, directs efforts to satisfy metabolic needs associated with the deviation of vital
functions from their physiological norms. Needs are at the heart of motivations, which is already not a purely
physiological concept with measures and dimensions. Motivation is the subjective attitude of a living creature in
relation to its current or future physiological state, and it gives rise to goal orientation: to achieve an optimum of
some kind for vital functions. The main objective of an organism is the preservation of its own life.
A living being is an integrity (functional, structural, dynamic, etc.), the elements of which have properties that
differ from the properties of the whole. Consciousness is not additive, but hierarchical, and has internally
interdependent distinctive features – it is also an integrity, like life. This requires it to be analyzed within the theory
of systems. By definition, a system united by a common function is called a functional system [8]. To achieve an
adaptive result, the functional system of current adaptive behavior establishes a temporary association of particular
machineries of the body. This association is directed to the satisfaction of needs, and the elimination of mismatch
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between the target and actual conditions of the system. The directedness in the operation of a functional system may
appear spontaneous because of its unpredictability and orientation to a goal. On the other hand, its autonomy is
reflected in the maturational process within the functional system – it consists in the assumption that the need for an
adaptive result, the purpose of obtaining this result, and the decision-making to undertake activity is a
developmental process within the system, in the depth of its structure and at the heart of it lie metabolic and
hormonal processes. Therefore the system is almost isolated from the outside world during its decision-making.
The properties of the functional system of behavior do not explain the nature of conscious states, but give hope
of improving our understanding of them. The immanent traits of consciousness, such as the subjective nature of
feeling, the emergence of a goal, and free will are so paradoxical that sometimes it appears to be incompatible with
the laws of logic and the fundamental laws of physics. The existence of arbitrary actions means that the power of
thought can control material objects (e.g., muscles). The alternative can only be the assumption that behavior is
predetermined by initial conditions, i.e., described by reflexes.
In the framework of functional systems, a different approach is taken. In analyzing behavior, motivations and
goals play a central role. The result that should be obtained at a given time, according to P.K. Anokhin, depends on
the dominant motivation of the organism, its information about the current state of the environment, and the
memory of the past results of behavior in similar conditions [8]. Motivation to achieve specific optimal conditions
somehow modulates the generation of actions, until an optimal state will be obtained. In their primitive form,
motivations occur in the system prior to the formation of memory, as becomes evident based on the existence of
genetically predetermined characteristics of signals of inherent behavior [21]. Therefore, memory and motivation
are different, independent entities. However, the phenomenon of motivation should be explained as a physiological
phenomenon: transformation of an objective need into a subjective motivation. And above all, we must understand
how does a living being determine what result is relevant for the system at present.

4

Useful Result as Homeostatic Recovery

The cell’s functioning is designed to maintain its integrity, and goal-directed behavior is intended for the
preservation of the organism. If we consider only individual life, rather than the existence of species, it is
homeostasis and not heredity which makes life alive, and the end of homeostasis leads to death within seconds.
Indeed, the system is alive until homeostasis maintains the system's integrity in the presence of perturbing
influences. The presence of homeostasis-based motivation turns an object into a subject with its own behavior.
Thus, the mystery of arbitrary action may be disclosed by exploring homeostasis.
Under the homeostasis, we mean the ability of living organisms to maintain viability, i.e., stability of
physiological functions in a changing external environment. Homeostatic regularities can be traced on the level of
particular parameters of a cell, cells in general, physiological systems of an organism, an organism as a whole,
populations, species, and ecological systems. Most important for present purposes is the homeostasis of the cell and
the organism.

4.1

Homeostatic Control of Viability

Living beings actively oppose their degradation in the continuously changing environment by means of homeostasis
[22] that supports the body's intrinsic constants within acceptable limits. Maintenance of vital activity looks like a
manifestation of the mystical "vital force", which prevents disorder and violates the laws of thermodynamics.
The status of the internal environment is not sustainable for all life. Homeostasis does not simply restore the
original state, it adapts to external influences. In particular, there are different solutions for the same metabolic
problems. Not all parameters of the internal environment are equivalent to cellular homeostasis. Living beings
reconfigure their homeostasis in order to maintain some of the higher order criteria that distinguish the living from
the non-living. If the value of a deviated parameter is not restored, the cell may be able to maintain itself by
restructuring the optimum of other parameters. For example, stabilization of neuronal activity can be achieved by
configuring both efficiency of synapses and excitability [23].
Homeostatic functioning depends on sensors (fig. 1), which register the deviation from the norm. The sensor is
usually a protein molecule that contains the chemical group sensitive to the given quantity. There are known sensors
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for temperature control, oxygen concentration, osmolality, Na+, K+-exchange, Cl-, Са2+, Mg2+, Fe3+, cAMP, NMDA,
and others (See [6]).
The nature of the sensor for damage-recovery viability is not very clear, though there are options which are
significant for survival of whole cells and even significant for the whole organism. These are energy (ATP level),
excitability, intracellular pH, concentration of certain proteins (caspases, cytokines, antioxidants). These cannot be
disregarded by highest sensors – this might threaten with death. For the functions of a neuron, the integrity of its
spike-generating mechanism can be considered as the most important manifestation of its health.
Fig. 1. illustrates the role of homeostasis in the generation of goals and actions. Appearance of a metabolic
flaw triggers the homeostatic device to compensate for shortage. Sensor of the cell’s state tracks the difference
between the normal and the current states (determining the goal of regulation), and sends the discrepancy to the unit
of homeostasis. However, the resources of homeostasis may not be sufficient to restore disturbed functions. For
example, shortage of metabolites for oxidative phosphorylation may aggravate the mismatch and will cause tissue
damage. This could be prevented by the reception of necessary metabolites from the environment (e.g., replenishing
the stockpiles of food, water or oxygen). To do this, the environment must be included in the interaction.

Fig. 1. Diagram of endogenous decision-making without the participation of memory. Dotted lines show the optional
influences: external signals may or may not arrive, and the signal to act can be subliminal. The decision-making process,
temporarily isolated from the environment, is limited by the bold circumference. “+” and “-” refer to the management of a
variable in opposite directions.

The question is – how does homeostasis reach the optimum? If it is algorithmically pretuned by the genetic
apparatus, the body needs to recognize the current situation and to select a genetically predetermined variant of
protection. However, this would create enormous loading on the genome, since the number of possible optima can
be as high as there are non-lethal states of the environment. In addition, homeostasis may be improved with
experience [24], and genetic defects often have a limited impact on the relevant paths of functioning, since
homeostasis is capable of compensating many such defects [25,26]. It is possible to assume spontaneous recovery to
a sustained state. If so, homeostasis is the process of relaxation to minimize the damage to viability, and somehow,
by means of a still unknown physical process, it turns an inanimate system into living one.
At first glance, the mechanism of homeostasis is not too complicated. In theoretical works, the problem is
usually solved by the introduction of positive and negative feedback loops between the sensor and the metabolic
flaw [e.g., 27,28]. To overcome the local minima, test signals are used in adaptive control systems. Instability of
such systems makes them not quite predictable, like systems really observed in living nature. Known attempts to
date at mathematical modeling of homeostatic regulation consider only direct homeostasis, and the optimum is set
in advance: homeostasis for each variable is introduced through regulation of individual controllers. However, when
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homeostasis starts working against a permanent factor of environment, the caloric cost of compensation may turn
out too high. To avoid this, living systems themselves assign their optimal parameters, depending on the actual
situation.

4.2

Homeostatic Control of Behavior

Motivation stems from a shift of internal constants from their optimal values and is therefore related to transient
injury or to the threat of injury. Thus, motivation is associated with the property of living tissue to heal itself, and in
a broader sense, with its need to survive, i.e., with homeostasis. The final result of behavior is a recovery of
homeostasis. Motivation has the same function for the organism that homeostasis has for the physiological
constants of the organism. Dissatisfied motivation augments damage of specific neurons, while reward inhibits and
protects them from damage (see [17]). Motivation arises when neurons in specific motivational areas leave
homeostatic balance, are damaged, and need restoration. This is true at least for basic biological motivations, such
as thirst (through osmoreceptors), hunger (through energy metabolism and glucose sensors), sex (via sensors that
are configured on the deleterious effect of the steroid hormones), respiratory motivation (through CO2 and pH
sensors), and defensive motivation (with the direct participation of irritants, damaging not only the body, but
specific brain neurons through their pathological activation via the receptor of excitatory amino acid, GABA, and
potential-dependent Ca2+ channels).
Deviations in metabolic equilibrium are normally compensated by homeostasis, but if the adaptive response
cannot be generated internally (say, because of a shortage of energy, water or oxygen), it must be achieved via
interaction with the environment. Temporary deviation from the norm (damage in Figure 1) and homeostatic
compensation are integral components of a functional system of behavior. Deviation of internal parameters from
optimum leads to damage, activation of specific neurons, and to an internal motive to act, while a useful result
usually inhibits neurons in the motivational centers, protects them from damage, and causes an euphoric effect [17].
In the systemic approach, the cause of behavior lies in the endogenous activity of the nervous system, and is
not a passive reaction to external signals [8,29]. It is likely that the occurrence of conscious action arises from the
ability of a living system to counteract its degradation, and thus to turn its current status in a stationary one.
Motivation looks like a generalized desire to live, and may turn into conscious decisions. Therefore, arbitrary
actions can originate in the homeostatic compensation of damage.
Maintaining optimal conditions on a specific level, and not on another one, is formed in the system through
autonomous tools for evaluating the necessary conditions for life. Living beings need to be able to evaluate their
own state. A desired outcome of behavior represents the achievement of an optimal state of the system, with no
violation of its integrity and stability. The organism reduces the deviation of its internal parameters from the
optimal conditions and thus ensures the stability and integrity of the body. Accordingly, the best state of the system
will be the state that presents the smallest load on homeostasis. However, the autonomous mechanism of need and
goal evaluation remains unclear until we have not revealed the reasons and conditions of maintaining the optimum
on a particular level, and not a different one.

4.3

Neuron as a Living System

Primitive sentience and goal-directed behavior could possibly be present in a single cell, judging by its attractive
taxis, avoidance behavior, predator-prey behavior, and even learning [30,31]. Probably, cells forming the body do
not become its components and do not cease to be individual organisms. Particularly, the capacity to perceive,
remember, and behave certainly occurs already on the level of a neuron [9].
In special experiments, learning may be artificially directed to a restricted population of neurons, even to a
single cell, and hence a neuron may be seen as a full-fledged system [6]. Certainly, in natural conditions, many
neurons participate in the same function. However, in exceptional cases, a single neuron has power over an entire
behavior. Moreover, not only a single neuron, but a single action potential in a single neuron may be responsible for
the action of an entire animal [6]. Sometimes brain robustly controls goal-directed behavior using signals so small
they’re at the boundary of molecular processes.
We have ascertained [10,11] that after learning, neurons appear to evaluate the significance of the input signal
(not only its strength), transiently change their own excitability, and only later compare the magnitude of the impact
and threshold. This means that neurons decide whether or not to participate in a given behavior. Thus, neurons can
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be selectively activated or inhibited for one stimulus, but not for another one. A neuron generates a more powerful
spike if a stimulus with greater biological significance acts on it, and in this case evokes a stronger postsynaptic
potential in the target neurons. This extends the possibilities of an individual cell to participate in various types of
activity during different situations. In addition to the ability to learn, an individual neuron tends to avoid damage
and shows features of purposeful behavior. Further analysis has revealed that a single neuron can even display drugdependence to heroin [32]. Recently it was established that neurons exhibit selective excitability not only as a result
of learning. Excitable membrane plasticity is a reason for neuronal reaction selectivity during visual image
recognition and during selective responses to the preferred orientation of whisker angular deflection [33].
Artificial incongruity of homeostasis leads to injury, causes increased activity, and this in turn leads to the
aggravation of damage (fig. 2A). Usually the reaction of nervous tissue is proportional to incoming excitation. On
the other hand, superfluous excitation and neuronal damage are closely connected (excitotoxicity) [34]. Thus, the
activity of damaged tissue generates action potentials, which, however, by their nature are non-specific (apart, of
course, for the locus of damage), and are not directed to getting an adequate result. However, this kind of activity
could generate trial-and-errors (§ 5).
Excessive excitation damages the nervous tissue, violates its function, and reduces activity (Fig. 2B). There is
an area of paradoxical status for excitable tissues, where excitation is reduced due to damage, but irreversible
deterioration of the state has not yet occurred. In this case, inhibition (or decrease of excitation) counteracts the
injury, paradoxically recovers excitability, and promotes the emergence of action (Fig. 2С, parabiosis according to
N.E. Wedensky [35]). Properties of homeostatic compensation make it tempting to consider homeostasis as a
driving force, which induces actions directed against actual or anticipated damage: protection against damage partly
improves output characteristics of neurons, and helps to ensure health-giving results from the environment. Thus, a
single neuron can live, learn, want, suffer, delight, and tries to survive [6]. Exertion of neuronal metabolism, leading
to damage compensation and goal-directed behavior, is rather appropriate for the description of conscious actions.
However, the separate regulation of individual constants (temperature, oxygen consumption, osmolarity,
intracellular calcium level, etc.) does not explain the general control of cellular activity during aware decisions.
Homeostasis somehow regulates a certain general quality of the neural cell, such as the extent of damage to itself. A
neuron somehow regulates its major demand, the avoidance of injury and the aspiration to life, as it shifts towards
death or towards life.

Fig. 2. Generation of action potentials by a neuron as a result of homeostatic recovery after damage. A. Metabolic disturbance
changes electrical activity in an inspiratory neuron in the brainstem-spinal cord preparation of rat. The glycolytic blocker
iodoacetate irreversibly abolishes respiratory rhythm and elicits a hyperpolarization, followed by a prominent depolarization.
Dotted line indicates zero level of membrane potential, when the cell is near its death. Spike amplitude decreases irreversibly.
Calibration in the figure. B. Paradoxical effect of decrease in excitatory current on intracellular activity of a neuron of the
parietal ganglion of Helix. The neuron was hyperdepolarized by the direct excitatory current and failed to generate spikes.
Decrease in the degree of hyperdepolarization improved the neuron's state and recovered its ability to generate spikes. At the
top: spontaneous neuronal activity and response to the direct current injection; at the bottom: value of depolarizing current.
Calibrations in the figure. C. A schematic illustration of the dependence of neuronal excitability on excitotoxic influences.
Abscissa: shifts towards damage or protection (or, in the first approximation, a membrane potential). Ordinate: the change in
excitability. A paradoxical phase borders the interval in which hyperpolarization or decrease in the level of damage leads to
reaction augmentation. The changes in amplitude and frequency of spikes are shown along the abscissa axes. (Source: [6]).
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A sense of the quality of its own state, that is, the ability to distinguish between approaching death (negative
sense) and moving away from it (positive sense), can be regarded as the distinctive feature of all life. A neuron can
hardly appreciate its condition in a more complex manner than in the category of “closer to death” (worse) and
“farther away from death” (better), or in terms of physiological concepts like “excitation” and “inhibition”, or in the
language of physical parameters, such as “not enough free energy” and “sufficient free energy”, for example.
Probably only such primitives may represent “qualia” at the cellular level. Subjective feeling within these material
limits can be considered as the value of a common parameter associated with its shift in the directions of death or
survival.
Thus, a neural cell is a primitive organism, living, behaving, suffering, and dying in the brain. One way or
another, it feels injury, strains its metabolism, improves its state, and restores the function of spike generation. A
living system reacts to damage as if it is having a negative sensation. Homeostasis entails a relationship between
physiology and mind. The problems of consciousness and the problem of life’s self-maintenance are inseparable,
and the grouping together of sentient neurons may underlie complex behavior on the higher level.

4.4

Functional Neuronal Ensembles

Only in exceptional cases does a single neuron control holistic actions, and these can hardly be evident at the level
of the organism. During the transition from unconscious to conscious actions, the number of cells involved usually
dramatically increases [36]. In natural conditions, their coordination is enhanced when neurons are combined in a
joint task, for example, when responding to biologically meaningful signals [37], generating motor activity [38],
and during the performance of goal-directed behavioral acts [39].
Neurons in the brain remain confined to one skull, receive the same kinds of rewards and punishments during
their life, learn similar skills, and therefore react uniformly, even without any agreement. However, nearby neurons
respond more in concert than distant ones, because of direct electrical links (gap junctions) between the protoplasms
of neighboring cells [40]. In fact, the blockers of direct contacts cause psychosis and hallucinations [41].
However, neurons recover coordinated decision-making even after brain injury, when their coherence is
artificially disturbed. It is especially surprising that the organism does not make use of such unique stability in daily
life. Although (days or even months) after brain injury, behavior can be partially or fully restored, in the wild the
injured animal will likely not be able to survive that long without artificial nursing. It is possible that the stability of
functions in conditions of brain damage stems from the need to assemble a whole functional system from the many
components of the consciousness-associated neurons. Naturally, carrying out this assemblage requires additional
time. Indeed, conscious actions run more slowly than unconscious ones, and the latency of the first spike in aware
responses is usually increased [42,43].
Activity of neurons in the brain is reminiscent of collective activities in a pack of animals, which depend
weakly on the efforts of single members and qualitatively surpass them in accuracy and complexity with respect to
their individual activities [44]. Synchronization of activities in the nervous tissue is much more accurate than the
dispersion of time propagation of nerve impulse transmissions in the brain. Although each neuron generates
processes which have an element of chance, instability is not averaged in large populations of neurons and in
behavior [10,11,45]. Collective behavior of a group as is well known is qualitatively different from the behavior of
each of its members. For example, collective behavior may contradict the interests of its each member. However,
the collective behavior of neurons still awaits to be explored from this perspective.

5

Instability, Search for Optimum, and Free Will

Unlike artificial computing systems, the human brain does not need external programming for effective
management of the body in complex environments. Before the final decision is made, we are at liberty to freely
make a choice, or at least so it seems. The resulting behavior is unsteady and poorly predictable if one proceeds
from the initial conditions and, therefore, there is an assumption that it depends on the subject's free will. Similar
instability is demonstrated during modeling after introduction of the specimen steps that allows searching of the
optimum value. However the adaptive nature of behavior means that free choice cannot be explained only by
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fortuitousness. For example, trials and errors can serve as an example of purposeful behavior only if this consists of
deliberate actions, and not pure coincidence.
The variability of neuronal activity actually exists as a relevant category. Instability is observed at the very
primitive levels of life and can have beneficial meaning. It is not necessarily noise, which impedes the brain in its
functioning. The unsteadiness of behavior could be based on chaotic activity of a complex system of the brain,
thermodynamic instability, or even quantum uncertainty. Instability is higher in higher animals, in higher nerve
centers, during wakefulness and deliberate behavior [17,46], and in difficult situations instability grows [47].
Damaging factors increase the instability of neuronal activity, while factors that prevent damage reduce instability,
and this applies to molecular processes, neuronal activity, behavior, and psyche [48-51]. In this way, transient
damage possibly participates in brain function.
One of the sources of instability may be the counter-regulation of homeostatic variables (+ and − in the Fig. 1).
Usually several independent factors control the balance required for the maintenance of an intracellular parameter [see
6]. So, many chemoreceptors and potential-dependent channels manage each neurotransmitter. Several proteins control
the metabolism of cAMP. During translation, synthesis and decay are regulated separately, transcription is controlled
by co-receptors and co-activators, Na+/K+-АTPase is controlled by external and internal gates, two regulatory proteins
regulate metabotropic glutamate receptors and intracellular iron level, etc. In particular, cell chemotaxis is regulated by
switching the direction of rotation of the molecular motor of flagella (via methylation and demethylation), and the
higher the variability, the stronger the chemotaxis [52]. When Drosophila larvae search for the attractant, the length of
the sequential steps agrees with the change of the attractant intensity, and twists are directed accidentally [53]. An
example of a similar process in inanimate nature is the selective diffusion of Brownian particles to the cold pole [54].
Counter-control of each variable creates the possibility of molecular trial-and-error, paradoxically accelerating the
regulatory process.
The degree of variability is probably connected with alteration in the state of damage-protection of cells.
Modeling has shown that reaching the optimum can be achieved if the fluctuations of instability increase together
with growing deviations of the quality criterion from the optimal state of a system [45]. The problem is solved by a
simple rule: if you feel bad, do at least something. Optimal value, i.e., the goal, serves as the value of the criterion
in which fluctuations are zero. The goal is thus a quasi-stationary status, and the sequence of steps as a whole is the
goal-directed action. Search in such a system is far more effective than a random quest, and directed at a goal;
though the latter is not predetermined beforehand, and if there are a quantity of targets, the system can reach any of
them.
Search for the optimum can be organized even without the use of a memory device. However, homeostasis
would operate more effectively if it could be improved as a result of experience. Indeed, homeostasis supports the
steady state of a neuron under conditions of adaptation to the external environment, when acquired memory has
irreversibly changed the cell’s internal state. Besides, moderate damaging impacts enhance the effect of homeostatic
compensation of a stronger damage caused after the first [55].
There is no guarantee that the described mechanism of choice really takes place in the nervous system.
However, the principled possibility of explaining goal-directed choice through free search that depends on
disagreement indicates that the existence of free will is not inconsistent with the laws of nature, and thus, the task is
solvable.

6

Stability of Physiological Functions and Conservation Laws of Physics

Homeostatic compensation occurs spontaneously, the cell spends on recovery the lion's share of its stored energy
and, of course, although counter-intuitive, entropy is increased after recovery. So, in the waking state, consumption
of ATP is three times higher than at the rest [56]. Cerebral metabolism increases before and at the time of decisionmaking, as demonstrated by the increase in brain temperature of warm-blooded animals (usually stable parameter)
during that period of time [57]. It should be expected that the sustainability of living systems is based on processes
that determine the integrity and self-organization of inanimate nature. Simple (or direct) homeostasis may be
organized in accordance with Le Chatelier's principle, i.e., on the basis of conservation of energy. Counteraction to
small rebalancing can be provided by molecular complementarity, while interaction of adjacent elements should
engender cooperativity in their behavior [58], and instability will ensure transition from a local minimum to a global
one. However, homeostasis is not reduced to recovery of the norm. Displacement on the scale of "damageprotection" is not one-digit, specific decisions are not predetermined beforehand. Therefore, a functional system of
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behavior cannot possess Lyapunov’s stability, and its equilibrium does not correspond to the free energy minimum
[59]. Possibly, stability of living systems is maintained by diverse conservation laws (conservation of linear
momentum, angular momentum, electric charge, and even quantum conservation laws).
These laws are realized only in isolated systems and we may suggest that living systems are temporarily
thermodynamically isolated from the environment during homeostatic recovery and decision-making. Living
systems are open systems, for example, when they accept energy or substances from the environment or during
output action generation. Nevertheless, it can be assumed that the control system of the organism is isolated and
separated from the environment while making a decision (Fig. 3), during which the living system practically does
not share any energy, matter or information with the environment. This time interval is sufficiently short compared
to the period when the system interacts with the environment (these intervals are exaggerated for clarity in Fig. 3),
though the relaxation periods of spontaneous molecular fluctuations that subserve decision making are even faster.

Fig. 3. A functional system isolated from the environment makes decisions, operates, and receives results, as shown
(schematically) in four consecutive goal-directed actions. Solid boundaries between the system and the environment designate
isolation periods, while gaps in the bold line denote interactions. The isolation interval begins after the impact of the system on
the environment and reception of the metabolic effect of external signals; the same interval ends after decision-making. Intense
patterns show the temporal developmental status of the biological system (below) and the state of the environment (top).

The extent of communication between the system and the environment has an influence upon the
implementation of conservation laws in this system. As is known, consciousness is subjective, detached, isolated
from the outside world, and the main distinguishing feature of conscious behavior is the autonomy of its
occurrence. Through that, the system is not necessarily separated from the environment by a physical barrier.
Rather, it simply acts independently and, from time to time, does not reply to the environment (Fig. 3). During the
time of transient isolation, neurons recover their metabolic mismatch, while the brain at this time continues to
generate spikes, but does not generate an output action. Probably, this temporary isolation creates a detachment of
consciousness from the environment, and the signs of consciousness arise in the living system at the time intervals
when the functional system of behavior becomes temporarily isolated. The conservation laws of physics that are not
relevant for the open biological system can be effective when the system autonomously decides to get a useful
result for sustaining its vital functions.

7

Relationship of Life and Consciousness

The nature of subjective feelings, goals, and arbitrary actions is still the greatest of mysteries. Development of the
theory of homeostatic systems regulating optimal parameters of their own state gives hope to solve the problem of
senses, as homeostasis is the key mechanism that keeps the system alive. Most likely, the emergence of
consciousness as an isolated state separated from the environment is a consequence of the unique vitality of
biological systems. Individual life probably by necessity has to evaluate its own integrity, and the process of
maintaining its optimality is indistinguishable from goal-directed actions. Perhaps life awakens as the capacity to
sense one’s own state and its health, and the process of homeostatic compensation is a manifestation of the will to
live.
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Arbitrary actions may be generated as the result of effort by the homeostatic device during compensation of
damage. Augmented compensatory metabolism is a driving force against damage. Homeostasis improves the
functional condition of damaged neurons and restores their excitability. However, in cases where the damage cannot
be completely compensated by available resources, metabolic problems may be solved through actions directed at
the environment. The resulting goal-directed behavior will for outside observers look like a manifestation of
motivation, the desire to live, and is consistent with conscious decision-making.
Optimal status will correspond to conditions that are not life-threatening and do not involve attempts to
reorganize structure and function. Minimum homeostatic load could serve as a criterion for this state. Collective
behavior of a quantity of such systems gives rise to more complex forms of consciousness. The brain concentrates
in itself the capacity of all living objects to evaluate its own state and make an effort to survive.
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