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Abstract―Aging could be a consequence of the programmed partial dedifferentiation of brain neurons that is 
performed through nonrandom losses of chronomeres–short perichromosomal DNA molecules that also 
participate in maintenance of cellular differentiation state. Process of their sequential losses, implementing as 
the “relay-race partial dedifferentiations, ” serves as a basis for the activity of the lifelong brain clock that 
regulates a physiological age of multicellular animals. These relay-race dedifferentiations are performed in a 
consecutive mode by different groups of neurons during the peaks of a so called T-rhythm, whose length of 
period is different in various animal species.  

INTRODUCTION 
The development of an organism proceeds not only 

in space (formation of multi-cellular structures and 
their growth), but also in time (a consecutive manner 
of the processes of origination, maturation, and a 
successive aging). The organism has to possess its own 
clock in order to trace a timely deployment of the 
events of individual development in time. It is quite 
evident that such biological chronometer can be set in 
the central nervous system as an integrated centre of 
the organism. Because of alterations in the endocrinal 
system with aging, hypothalamus, being an important 
regulator of hypophysis and through it of other tissues, 
has been suggested for a role of the clock; the history 
and the current state of the issue is reported in [1, 2]. 
However, also possible is another approach to 
choosing a substrate for the clock. Here presented is a 
hypothesis, according to which evolution applies 
actually the whole of the brain as a bio-chronometer, 
rather than its small regions like hypothalamus or 
hypophysis, however important they might be for the 
endocrinal regulation.  

 The key mechanism which could underlie the run 
of the brain clock still remains elusive: how does the 
brain clock go, what are its main components, what 
force moves its fingers, how are the instructions on the 
flow of biological time given, and how does the clock 
change the activity of the organism? Understanding of 
these processes will help to realize why the run of a 
biological clock leads the organism to aging. 

Hypothesis of a Relay-Race Dedifferentiation:  
How the Lifelong Brain Clock Works 

Plausible answers to the above questions can be 
found within the framework of the proposed 
hypothesis. In outline, the essence of the hypothesis 
can be elucidated as follows. Let us visualize that the 
mammalian brain represents a transparent column. Let 
the column be filled with the gel, in which a platform 
with dye is slowly plunging, leaving a dusk trail. The 
lower the platform sinks to the foot of the column, the 
longer a dusk column of the brain cells which have lost 
youth becomes, and the smaller a little transparent 
column of the cells separated by the platform and still 
keeping their adolescence is getting. A part of the 
platform is actually played by a wave of partial de-
differentiations of neurons, which slowly moves along 
the brain from one group of neurons to another; in 
other words, the wave of some alterations in their gene 
expression. Neurons do not turn into other types of 
cells in the course of partial dedifferentiations; 
however, their activity changes. The velocity with 
which the front of partial dedifferentiations mainly 
associated with quantitative shifts in the gene 
expression pattern spreads can be not strictly the same 
in diverse species of animals. Propagation of this front 
throughout the nervous system bears a stepwise nature, 
with certain temporal intervals. These intervals are set 
by a special hypothetical biorhythm, let us designate it 
as T-rhythm for short (from the word temporal, i.e. 
transient). The border between the neurons which have 
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been affected and not yet affected by partial 
dedifferentiation is likely to shift every 24 hours in the 
worm C. elegans, while in humans, a recurrent shift of 
the border probably occurs once a year. A partial loss 
of differentiation by neurons is reflected in the state of 
organs and tissues of the organism in whole, which are 
directly or indirectly innervated by these cells. On 
moving along non-random inter-neuronal routes, the 
border of times, splitting into a number of fronts 
scattered throughout the brain, draws, little by little 
like a skillful artist, ever new features on the faces of 
people, thus turning them into strangers for those who 
have not seen them for long. On passing from a 
columnar metaphor to putative however quite likely 
concrete processes, let us examine a list of the players 
in the scenario which nature could utilize when solving 
the problem under discussion. 

  Participants of the Eexamined Process 

Small so-called perichromosomal DNA molecules 
holding with their ends on the body of a chromosome 
are presumably responsible for maintaining the 
differentiation of neurons. They code for regulatory 
RNAs which modulate the activity of chromosomal 
genes. In case a chronomere (perichromosomal DNA 
molecule located in neurons and engaged in the work 
of the brain clock) is lost by a postmitotic, namely no 
longer dividing, neuron, its chromosome genes go on 
doing their work; however, the level of their 
expression alters, thus lessening functions of the 
neuron and other cells subordinated to it. The totality 
of all perichromosomal DNA molecules of the 
organism (all brain chronomeres and other peri-
chromosomal DNA of different organs) is its para-
genome. The paragenome is an operative memory 
essential for the genome to work. Regulatory RNAs 
transcribed from the paragenome are liable for setting 
and maintaining cellular differentiations not only in 
neurons, but also in other multiple types of cells.  

 Chromosomal originals of perichromosomal DNAs 
lapse into silence shortly after creation of their 
perichromosomal copies and are no longer used by the 
organism. Drop in the content of the paragenome 
components, crucial cellular regulators, in cells (for 
example, in postmitotic neurons, mitotic fibroblasts, 
etc.) weakens homeostatic opportunities of the 
corresponding cells. In particular, such age-dependent 
changes as accumulation of mutations in a 
mitochondrial DNA, suppression of expression of 
antioxidant defense genes, accumulation of lipofuscin 

and other unfavorable for cells events in a senescing 
organism are coupled precisely with the losses in 
paragenome. Why such a form of the operative 
memory is required for the organism itself to emerge 
in the course of the embryonic and post-embryonic 
morphogenesis, what is the reason of failure in a direct 
usage of genome originals of the paragenome for this 
purpose, and whether just their perichromosomal 
copies are necessary for the development are the issues 
considered earlier [3].  

 Hormones, neuropeptides and neural signalling in 
itself are involved in formation of the above T-rhythm 
playing an important part in the destiny of 
chronomeres. Duration of the period of T-rhythm 
drastically differs in different species of animals (short 
duration of the period in short-living animals and long, 
in long-living ones). Duration of the period and the 
amplitude of T-rhythm can be set by different 
combinations of physiological systems of the organism 
and modulated by external factors, such as duration of 
daylight hours, seasonal prevalence, etc. A chronomere 
can be exposed to the so-called scrupting at a peak of 
the T-rhythm [3]. Scrupting is a transcription-
dependent process which leads to tearing an end of the 
chronomere from its chromosomal docking site, on 
which it used to stay. Under a normal intensity of 
transcription (namely, in the period between peaks of 
the T-rhythm), a chronomere manages to hold at the 
docking site. However, its transcription drastically 
enhances at a peak of the T-rhythm, thus resulting in 
tearing the 5'-terminus of a chronomere’s meaningful 
chain from the chromosome body. The process of 
tearing-off occurs under the influence of the 
transcriptional machinery operating at its maximum 
rate and driven by the factors of the T-rhythm at its 
maximum. It should also be emphasized that 
intensification of the chronomere transcription in 
neurons proceeds simultaneously with intensification 
of transcription of chromosomal genes as well, which 
for all this are not damaged mechanically since the 
ends of chromosomal genes are not anchored or 
exposed to the nuclease attack unlike the ends of a 
chronomere DNA. Rupture of the chronomere end 
from a chromosome leads to its releasing from the 
nuclease defense. This is why detachment of the 
chronomere end is immediately followed by 
degradation of the chronomere and, as the result of 
that, by a partial dedifferentiation of a corresponding 
neuron. This process takes quite considerable time 
(possibly from several hours to 24 hours) which is 
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spent on a gradual alteration of the level of 
intracellular factors which were previously controlled 
by a chronomere which has just vanished.  
 How the Wave of Neuronal Partial Dedifferentiations 

Moves 
 Why do brain neurons not dedifferentiate at a peak 
of the T-rhythm all at once? And why is de-
differentiation of a neuron partial rather than total? The 
answer is as follows. Different neurons of the brain 
have chronomeres of different specificities. They are 
able to respond to a signal of the T-rhythm (hereinafter 
referred to as T-signal for short) only in case of their 
preliminary activation (see about the conditions of 
activation below). Not all the components of a 
paragenome respond to the T-signal; this is why a 
neuron retains many of its functions even though it has 
lost its specific chronomere. Neurons are getting less 
efficient without chronomeres, in particular, with 
respect to their capability of participating directly or 
indirectly in implementation of neurotrophic and/or 
neuroendocrinal activity. 

 When a wave of the loss of chronomeres by 
neurons spreads throughout the brain at the maximums 
of the T-rhythm and a certain neuron loses its 
chronomere, this loss in itself serves a signal which 
makes the next neuron ready for a proper reaction to 
the T-signal which will come further, namely, at the 
next maximum of the T-rhythm (let us assume, in 24 
hours in worms and in a year in humans). The matter is 
actually about a relay-race of losses of chronomeres 
which are sequentially found missing by neurons. The 
disappearance of a chronomere in neuron 1 is supposed 
to abolish the ban on a T-signal-dependent activation 
of the chronomere transcription in neuron 2. T-signal 
is incapable of intensifying transcription of a 
chronomere in neuron 2 before this ban has been 
removed. It is possible when an inhibiting signal from 
neuron 1 enters neuron 2; cessation of arrival of this 
inhibitor results in readiness of neuron 2 and its 
chronomere to respond to T-signal. Neuron 2, in its 
turn, will lose its chronomere when a recurrent T-
signal comes to it later (for example, in a year). The 
loss of a chronomere in neuron 2 will create a 
prerequisite for a T-signal-depending activation of the 
chronomere transcription in neuron 3 and so on. It is 
crucially important that the term of acquisition by a 
successive neuron of the ability to answer the T-signal 
with a drastic activation of transcription of a 
corresponding chronomere (this term is so to say a 
period of creating the neuron competence) should be 

much longer than the short interval (probably, less than 
an hour) within which a peak concentration of the T-
signal emerges and preserves. A period of the 
competence creation (in other words, creation of 
readiness of a successive neuron to respond to the T-
signal) can, in all probability, vary from several hours 
to several days. This time is spent on elimination of 
traces of an inhibiting signal in a successive neuron, as 
well as on a subsequent reconfiguration of chromatin 
(in order to activate genes whose products assist a 
chronomere in responding to the T-signal with an 
elevated transcription). T-signal fails to act upon 
chronomeres which are unprepared to its influence, 
and this is the reason why each successive peak of the 
T-rhythm meets in the depths of the brain just a limited 
number of neurons whose chronomeres are now ready 
for a proper answer to the T-signal. No other but just 
these neurons become its “victims.” 

Program Against Stochastics 

Groups of neurons rather than a single neuron take 
part in the above events. The loss of chronomeres of a 
certain group of neurons is an equivalent of the run of 
the brain clock one beat faster. However, what is 
important for the clock turns out to be a lessening of 
the neuronal activity. As long as there are few neurons, 
they exhaust their facilities quickly, that is, their 
chronomere relay-race is very short. Species with a 
large brain are capable of realizing a longer 
chronomere relay-race; this is why they have, other 
conditions being equal, an elongated life span. Those 
species whose nervous system constantly grows with 
the growth of the organism or efficiently regenerates 
have an opportunity of joining a group with a 
negligibly minor aging; for example, some species of 
tortoises and fish hardly ever senesce [4]. Due to its 
own changes, the brain gradually alters the pattern of 
an innervated by it body first for the better – during the 
growth and development of an organism, and then 
towards the aging of the organism.  

If aging is a consequence of a monotonous ticking 
of the T-rhythm which has not ceased (though, as a 
matter of fact, is no longer necessary for the organism 
after it has attained a mature age), then it is 
determinism, rather than manifestation of random 
events. It is essential in this respect to bring up a 
programmed nature of aging in the same manner as a 
schedule of the events of a physiological maturation of 
all the systems of the organism is programmed. If 
differentiations take part in creating an organism, then 
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dedifferentiations, though partial, as well participate in 
its destruction, not at all random.  

 It should be noted that the issue about breaches of 
differentiation has time and again been discussed in the 
literature as a plausible cause of the cell aging. Cutler 
[5-7] surmises that cell dedifferentiation in the course 
of aging is caused by the genetic errors induced by 
retroviruses or by active forms of oxygen under 
oxidative stress, etc., and accentuates that these errors 
distort a true pattern of the gene expression. A breach 
of differentiation in this connection turns out to result 
from a random genetic instability, so a similar variant 
leaves no place for saying about the program of aging.  

Within the framework of the proposed hypothesis 
of relay-race dedifferentiation, dedifferentiation of the 
brain cells is no randomness or pathology, but a 
programmed way of organizing the work of a 
biochronometer of the organism controlling 
development of the organism in time. 

Evolution and Lifelong Brain Clock 

Hormones, mediators and other factors underlying 
the T-rhythm are not totally identical in diverse animal 
species. The structural basis (namely, those centers of 
the nervous system and other regions of the organism 
which are involved into generation of the T-rhythm) is 
not strictly the same in different species either and can 
be an object of evolutionary transformations. The 
sense of such transformations is in modifying a value 
of the T-rhythm period, that is, a time interval 
separating its successive maxima. The longer a period 
within peaks of the T-rhythm is, the slower, other 
conditions being equal, the biological age of the 
organism changes. And vice versa, frequent beats of 
the T-rhythm accelerate the rate of the individual 
development. By changing the value of the T-rhythm 
period (due to morphophysiological transformations), 
biological species get a chance of adjusting their 
average longevity to the resources of their ecological 
habitat. It is known that K-strategists (these relatively 
large animals are notable for their care about not 
numerous progeny, their embryonic development 
proceeding not at a rapid rate, for example, elephants 
and humans) live relatively long and take advantage of 
having T-rhythms with a big value of the period. To 
the contrary, r-strategists (relatively small animals 
which are characterized by the utmost fertility and the 
absence of care or poorly expressed care for the 
progeny; their embryonic development is quite rapid 
and they reach puberty early, for example, drosophilae, 

nematodes, mice) live not long and they should have 
T-rhythm with short intervals. In this connection, it is 
pertinent to point to the peculiarities of the so-called 
biological time. Biological time is essentially different 
from physical time in an intermittent and uneven 
character of its run. The flux of biological time is 
equivalent to evolutionally programmed successive 
shifts of physiological ages of a developing and then 
senescing organism. Biological time can accelerate or 
slow down its run depending on the tempo at which the 
exhaustion of chronomeres proceeds in the organism.  

Some Biological Factors Against the Background  
of the Lifelong Brain Clock Functioning 

 The average number of lifelong heartbeats in each 
mammal is nearly the same, with heart rate being 
different in different species [8]. A striking 
dependence has been established: the resting heart rate 
is inversely proportional to the lifespan of the 
organism [9]. Among warm-blooded animals, this rule 
is kept both for different species and for different 
individuals within a species. Large numbers of clinical 
observations have proved that a constantly overrated 
heart rate is always associated with an increased 
danger of an unfavorable outcome, in other words, the 
heart rate serves a clear and precise indicator for the 
cardiovascular health and, consequently, a predictor of 
viability of the organism. Correlation between the 
maximum lifespan and resting heart rate is linked with 
the basal metabolic rate and amortization of the 
cardiovascular system [9]. To the point, physical 
exercise, temporarily increasing the pulse, lowers heart 
rate which is assisted by the rise in the tone of the 
parasympathetic system and the drop in the tone of the 
sympathetic system [10]. Observations over cardio-
patients regularly and moderately training for a year 
have demonstrated not only a drop in the percentage of 
unfavorable events as compared with the control, but 
also the maximal oxygen uptake [11]. Similar trainings 
normalize pressure, work of the lungs, etc. [12]. 
Meanwhile, the stated fact of the maximal oxygen 
uptake is undoubtedly at variance with the above-
mentioned reverse correlation between the heart rate 
(this value reflects the level of the consumed oxygen) 
and the lifespan (if to admit that lifelong cardio-
trainings could, in principle, elongate the lifespan in 
patients, which, as a matter of fact, could not be 
checked by researchers). If similar separate 
observations reflect some covert dependence of the 
lifespan on some key, crucially important factor, the 
level of basal metabolism can hardly be this factor. 
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Amortization of vessels or the heart against the 
background of high heart rate is unlikely to be such a 
factor either: both the level of the basal metabolism 
and the heart rate are higher in many birds as 
compared to mammals of the same mass, birds living 
much longer. Of course, there are many sources of 
influence on the result (efficiency of the antioxidant 
system, regeneration of some types of neurons in the 
brain, etc.). Nevertheless, one can surmise that the 
resting heart rate reversely correlating with the lifespan 
in mammals is, probably, in itself coupled with some 
factor which is essential for the control of an average 
lifespan of individuals of any species of warm-blooded 
mammals. This factor can be represented by an 
individual frequency of the T-rhythm in each 
biological species. Being a multiple-factor mixture of 
biologically active components, humoral participants 
of the T-rhythm are under the control of both various 
endocrinal glands and interplaying centers of the 
nervous system of an organism. 

 The considered way of functioning of a bio-
chronometer, activation of the neighboring cells due to 
the cancel of inhibition of a certain activity, applies a 
principle which was experimentally detected by 
embryologists when researching into the phenomenon 
of neural induction. Neural induction is the first step in 
formation of the brain and the spinal marrow in higher 
vertebrates. It turned out that the act of switching off a 
certain signal way in one area of a developing brain 
can be used as a signal for induction of a successive 
specialization of cells of the nervous system. This 
variant of launching neural differentiations was named 
as default neural induction [13-15]. The data obtained 
on mammals testify to the same mechanism as in 
amphibians: neural induction starts in the absence of 
activating signals, with a mere cancel of an inhibiting, 
i.e. prohibiting, signal serving an initiating factor for it 
to start [16]. Large numbers of factors participating in 
the neural induction in an embryo have been shown to 
be as well responsible for an artificial neurogenesis 
realized on the basis of embryonic stem cells [17]. This 
principle (elimination of an inhibitor in favor of the 
next stage of development) could also be utilized in the 
work of chronomeres which should function exactly in 
cells of the brain.  

 In view of the above-mentioned, this principle as 
applied to chronomeres looks as follows: elimination 
through scrupting of a preceding chronomere makes it 
possible to organize a T-signal-dependent hyper-
activation of transcription of a successive chronomere 

which is further eliminated in the course of scrupting 
as well, with such a cycle reiterating from time to time. 
Evolution needs selection for an appropriate length of 
the T-rhythm period, whose formation and regulation 
can involve not only biologically active and humoral 
factors, but also the nervous system since it can 
modulate the parameters of various oscillators [18]. It 
has been shown on the example of circadian rhythms 
that though alteration of the mode of illumination 
changes, e.g., the activity of genes in the liver in rats, 
denervation of the organ cancels this effect [19]. T-
rhythm, being a poly-factor sign in terms of formation, 
does not have to exhibit maximal indices in an aged 
organism, in other words, the intensity of the T-signal 
can sufficiently decline, thus leading to a paradoxically 
long survival of some individuals against the 
background of a significant weakening of physio-
logical indices of the organism.  

 As concerns various ways of forming the T-
rhythm, they could be different in diverse biological 
species. For example, in species-super-short-livers, 
such as C.elegans (the worm stops propagating by the 
fourth day of a grown-up life and then weakens with 
each day), circadian oscillations could be widely used 
as a T-rhythm. On the contrary, in H. sapience as one 
of species-record-breakers in longevity among higher 
mammals, T-rhythm is, in all probability, a product of 
a very complex system of interactions, which can even 
comprise organs which elegant nematodes lack at all, 
for example, pineal gland [20]. Complication of the 
system organizing the structure of the T-rhythm in 
evolution could be targeted mainly at modifying the 
duration of the T-rhythm period as the most flexible 
and universal factor allowing a population to select an 
optimal species-specific lifespan when exploring new 
niches and on forming new species.  

 Thus, a chronomere relay-race of neuron dediffe-
rentiations, which functions in accord with the 
principle of “dedifferentiation through elimination of a 
previous chronomere,” could guide the development of 
an organism in time. A chronomere clock, whose 
components are distributed throughout multiple 
regions of the brain, sends its signals about the reached 
age (namely about the level of the activity of their 
neurons) to various organs of a body and to various 
departments of the brain itself, hypothalamus 
including. The latter takes part in integrating such 
signals due to its endocrinal activity; however, it is no 
basal or unique element of the clock controlling a 
physiological age of the organism. The activity of 
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neurons gradually losing their chronomeres changes 
more remarkably with time. As a population of 
neurons which have lost their chronomeres is getting 
larger in the brain, the total neuroendocrinal and 
neurotrophic opportunities of this interesting organ are 
gradually decreasing. It is the circumstance that is 
responsible for the phenomenon of a slow, however, 
without any artificial interference, inevitable process 
of aging. The ticking of the T-rhythm when there is no 
necessity in it creates the picture of a working program 
of self-destruction of an organism. Aging, though with 
manifestation of randomness (action of oxygen active 
forms, cross-links, etc.) and though bringing certain 
element of inaccuracy into the work of an organism, is 
nevertheless a consequence of the work of a program 
and nothing else. Representatives of highly organized 
biological species can not at the end of life get rid of 
the mechanisms which were necessary for creating the 
organism at the first half of life since evolution in no 
way favors the cancel of aging. As long as ticking of a 
lifelong chronometer is part of the developmental 
program, the T-rhythm turns out to kill what it bore. If 
the T-rhythm were stopped in due time without 
inflicting any harm to the organism, the program of 
aging would be switched off.  

How is it possible to interrupt pernicious work of 
the process of aging? Provided there are, according to 
the supposition, two main working factors on the scene: 
paragenome and T-rhythm, one can try to act upon 
each of them. Decoding of the paragenome in the 
future would make it possible to imitate the activity of 
genes of the paragenome, i.e. paragenes, by 
introducing into the organism from the outside what it 
lacks with age. As concerns the other direction - 
influence on the functioning of T-rhythm whose 
special features are recorded in the brain 
morphophysiology and other structures of the 
organism, it is unreal to change them radically. 
Nevertheless, one can, having elucidated the detailed 
foundations of the T-rhythm work, try to modify 
pharmacologically the amplitude and/or the value of its 
period after all physiological systems of the organism 
have completely matured and are gradually starting 
aging.  

Age-Dependent Changes of the Human Brain  
as a Plausible Payment for the Chronomere Clock 

Functioning 

 If the postulated successive, yet partial dedi-
fferentiation of the brain which is utilized as a means 

of development really takes place, then its signs should 
be observed not only in a very old man, but also in a 
person in the prime of their life. Signs of loss of the 
control and dedifferentiation of neurons were noted in 
some pathologies [21, 22]. However, alteration of the 
brain should proceed without pathologies as well, 
merely as a charge for a normal development. Ever 
perfecting lifetime techniques of neurovisualization 
make it possible to assess current macro- and micro-
structural changes of the brain [23]. Neural 
specialization of the visual cortex area responsible for 
recognition of faces, location and words [24] descends 
with time; age-dependent changes being, probably, 
distributed inhomogeneously over the visual cortex 
[25]. Age-dependent specialization is also observed for 
the cognitive function of frontal lobes of the 
hemispheres [26]. Middle brain undergoes alterations 
particularly exhibiting in the loss of receptors and 
dopamine transporters in the course of the so-called 
healthy aging [27]. Signs of a regional [28] and even 
global tissue atrophy, generally more expressed in the 
frontal regions [29], exhibit in the brain of healthy 
adults. To the point, structural changes in the anterior 
part of hippocamp are insignificant. Attenuation of 
functional correlations of separate parts of the aging 
brain spreads with the age in the anterior-posterior 
direction, namely from forehead to occiput [30].  

  The total volume of the human brain keeps 
growing up to approximately 20 years (data [31]), 
reduction of the volume being remarkably expressed 
from nearly 30 years [32]. According to the revised 
data, the total volume of the brain in psychically 
healthy volunteers steadily declines by 0.22% a year 
between 20 and 80 years [33], this decline somewhat 
accelerating at the advanced age. The volume of the 
brain descends even more in those patients in whom 
sediments of protein substance amyloid have been 
found in their lifetime as an illustration of a pre-
clinical phase of Alzheimer’s disease (senile 
dementia): their brain volume is decreased by more 
than 2.5% as compared to the changes of the brain of 
their quite healthy peers. In healthy males at the age of 
between the second and the sixth decades, 
predominantly diminished is the volume of subcortical 
cores of the brain and cortical regions of the sensor-
locomotive system (cerebellum, thalamus, somato-
sensor and motor cortex), as well as some regions of 
the frontal lobes of the so-called prefrontal system 
[34]. 
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  The portion of the so-called grey substance of the 
brain turned out to decrease in the beginning, followed 
by the decrease of the white substance [32]. Age-
dependent losses of grey and white substances of the 
brain are most evident in the middle-temporal, parietal 
and frontal regions. Interestingly, fitness diminishes 
these losses [35]. Indication for certain controllability 
of age-dependent alterations of the brain is the fact that 
age-dependent changes in the grey substance differ in 
obese people from the norm and not always for the 
worst at that [36]. Aged macaques also differ from 
more younger monkeys in the increased reduction of 
grey substance in the frontal and temporal regions of 
the brain [37]. However, cognitive abilities of an aged 
macaque are disturbed more badly due to the 
alterations of white rather than grey substance: there 
occurs demyelinization of nerves and a global drop in 
the volume of white substance of the anterior brain. In 
the cells of white substance, translation of many 
proteins is lowered and the content of the antistress 
protein Klotho is increased [38]. Too advanced aging 
of a human being is associated with the increase in the 
volume of ventricles of the brain and cerebrovascular 
diseases [39].  

 Practically all the above-mentioned age-dependent 
changes, diminution of the volume of the brain 
including, are usually automatically considered as a 
consequence of the process of aging caused by 
different reasons, among which accumulation of 
random breaches under the action of free radicals and 
other factors is usually named. However, the same 
pictures of alterations of the brain could be interpreted 
completely differently, as fulfillment by an organism 
of a task which is vitally important for it, in other 
words, its own development, which is impossible 
without the control over internal time of the organism. 
In this case, all these changes of the brain prove to be a 
product of activity of the genetic program, rather than 
a result of errors.  

A causal link between aging and such 
neurodegenerative diseases as Alzheimer’s disease, 
frontal-temporal dementia and Parkinson’s disease still 
remains unclear [40]. Syntheses of corresponding 
factors: amyloid beta-protein, proteins tau and alpha-
sinuclein are characteristic of these pathologies. It is 
essential to check whether these syntheses also result 
from dedifferentiations, now abnormal, developing 
against the background of a normal process of age-
dependent dedifferentiation. However, to begin with, 
one should make sure in the correctness of the main 

postulate – the idea of using differentiation by an 
organism as a normal, programmed process without 
which either the work of the brain clock or the 
development in itself are not feasible. Aging is the 
charge for development.  
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