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Abstract
The law of temporal hierarchies makes it possible to identify quasi-closed systems in
open biological systems and to use the approaches of hierarchical quasi-equilibrium
thermodynamics to establish the direction of ontogenesis and the evolutionary processes. A
short review of the achievements of thermodynamics of biological evolution and aging are
presented. The application of the principle of stability of matter to the structures of adjacent
hierarchies constitutes additional proof that quasi-equilibrium thermodynamics can be applied
to the biological systems in the real world.
It is assumed that cell differentiation, the development of multicellular organisms, and
the emergence of structures of the higher hierarchies of the biological world are determined
by the thermodynamic direction of these processes.
An organism’s cells contain identical genes. Only some of them, however, function in
the course of differentiation and development. Gene induction and repression during
differentiation are determined by the position of newly emerging cells, whose properties
depend on their functional position. The manifestations of these properties are determined by
the thermodynamic parameters of the cells’ environment (thermostat), whose components and
physicochemical characteristics affect gene induction and repression.
The holographic (three-dimensional) design of the future organism (higher structures
of the biological world) is determined by thermodynamic demand for certain genes. The
latter’s operation is stimulated by their environment. One of the well-known examples that
corroborate the presented model is the change of gene transcription as the nature of lipids and
other metabolites contained in cells changes.
Key words: Biological evolution, aging, second law, law of temporal hierarchies,
caloric restriction, differentiation of cells
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The Thermodynamic Theory of Evolution and Development
The study of the processes that lead to the origin and development of living systems
in terms of hierarchical structures and identification of the law of temporal hierarchies gives
reason to assert that the direction of the processes of the development and evolution of living
beings can be ascertained on the basis of thermodynamic (thermostatic) principles formulated
by the classics of the natural sciences, R. Clausius, J. Gibbs and others [2, 6-8, 22, 24-26].
The formation of structural hierarchies in open natural biosystem within the
framework of the model of quasi-closed systems can be described in terms of hierarchical
thermodynamics (thermostatics).
In the course of the evolution of open natural systems, each higher hierarchical level j
is formed as a result of thermodynamic self-organization (self-assembly) of lower-level, j-1,
structures. This self-assembly occurs through the stabilization of level j. The latter is
connected with the fact that the Gibbs specific function of the formation of structure j tends to
a minimum.
The cycle – the relative matter circulation in nature can also be studied from the stand
of hierarchical thermodynamics. Fig. 1 presents the scheme of the change of Gibbs function
(Gibbs’ free energy of the formation of structures of the biological world). Obviously, the
motive force of the non-spontaneous processes of the cycle of matter, first of all, is connected
with the Sun. In terms of “dark” spontaneous processes, the motive force of the self-assembly
and evolution of biological structures at all hierarchical levels is “thermodynamic forces.” In
conformity with the principle of energy differentiation (and the law of temporal hierarchies),
the specific values of Gibbs function of self-assembly (thermodynamic self-organization) at
different hierarchical levels differs significantly. Thus, there exist the series
~
~
… >> ∆∆G j >> ∆∆G j +1 >> … ,

(1)

~
~
where ∆∆G j and ∆∆G j +1 are the changes of the specific values of Gibbs function of
the formation of structural hierarchies j and j + 1 calculated for a unit of volume or mass. In
other words, the coordinate axes of the scheme presented in Fig. 1 are of different scale in a
significant degree.
Gibbs function of the formation of molecules and supramolecular structures as
complex systems often coincide, in the conditions of the Earth, with the Gibbs function of the
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formation of the corresponding simple systems. In view of this, the asterisk in ∆G*i may be
omitted.
Products of the photosynthesis light stage
and other non-spontaneous processes

∆G* ch
∆∆G* ch < 0

Spontaneous “dark reactions”

* ch

∆G

Biomolecules
∆G

* im

Non-spontaneous processes

∆∆G* im < 0

∆∆G* ch > 0

Self-assembly:
thermodynamic self-organizing

Supramolecular structures, cells
∆ G * org
∆∆G* org < 0
Self-assembly of cells

Organisms
∆G

* pop

∆∆G* pop < 0
Self-assembly of organisms

Populations
∆G* eco
∆∆G* eco < 0
Self-assembly of populations,
communities, etc.

Ecosystems
∆G

* ch

∆∆G* ch < 0
Spontaneous degradation
of molecules

CO2 , H2O, H2S, N2 , … - thermodynamically stable products

Fig. 1. Scheme of the change of Gibbs function of the formation of complex
systems, ∆G*i during the emergence and degradation of chemical (ch) and
supramolecular structures (im), as well as organisms (org), populations (pop),
communities (com), and ecosystems (eco).

The law of temporal hierarchies [2, 7, 22-24] makes it possible to identify quasiclosed thermodynamic systems (subsystems) in open biosystem. It is possible to study their
development (ontogenesis) and evolution (phylogenesis) by studying the changes of the value
of specific (per unit of volume or mass) Gibbs function of the formation of the given higher
hierarchical structure out of lower-level structures. Thus, it was established that in
ontogenesis (or phylogenesis), the specific Gibbs function of the formation of supramolecular
~
structures of an organism’s tissues, Giim , tends to minimum:
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1
~
Giim =
V

V

∫

~
∂G im
( x, y, z )dxdydz → min
∂m

(2)

0

where V is the volume of the system; m is the mass of the identified micro-volumes; x,
~
y, z are coordinates; symbol «--» means that value Giim is specific; and symbol «∼»
emphasizes the heterogeneous character of the system. Let us note that equation (2) implies
taking account of all supramolecular interactions in all hierarchical bio-tissue structures
(intracellular, intercellular and others). This is fully justified because the structural hierarchy
does not always coincide with the temporal hierarchy. Thus, some types of cells do not divide
and, like organisms, age simultaneously with the organism. However, any supramolecular
hierarchy (j-1) has some higher hierarchy (j + x), so that
t j −1 << t j + x ,
j x
where t j −1 and t + are the mean life times (life spans) of elementary structures of

the corresponding structural hierarchies in a living system, x = 0, 1, 2, …, etc.
The use of equality (2) means, in fact, that we apply the law of temporal hierarchies as:
… << t m << t im << t organism << t pop << … .

(3)

Here, t m ( t ch ) is the average life span of an organism’s molecules (chemical compounds)
that take part in metabolism. t im ( t supra ) is the average life span of any supramolecular
structures of an organism’s tissues that are renewed in the process of its growth and
development. t organism is the average life span of an organism in a population. And t pop is
the population’s average life span. The series of strong inequalities (3) does not include the
life span of cells (cell) and some other supramolecular structures. However, this series of
course tallies well with reality and reflects the existence of temporal hierarchies in the living
systems. The latter rigidly substantiates the possibility of identifying quasi-closed systems
(subsystems) in open biological systems.
The thermodynamic theory of biological evolution and the aging of living beings
accords with numerous facts and with mankind’s empirical experience [2, 3, 7, 24, 25].
A graphic example of the accord between theory and observations is connected with
the well-known medical recommendation to include vegetable oil and seafood (cold seas) into
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one’s diet.1 These products add “young chemical matter” to the biotissues [7], “building
material” that corresponds to the composition of a young organism. In thermodynamic terms
(and in the light of known facts), this rejuvenates the organism’s tissues. This is easy to see
having analyzed the approximate equation — an analogue of Gibbs-Helmholtz equation:
~
~
~ im
∆Giim = (∆H m
/ Tmi )(Tmi − T0 ) = ∆S mim ∆T ,
i

i

(4)

~
where ∆Giim is the specific Gibbs function (Gibbs specific free energy) of the
~
~ im
formation of the condensed phase of matter i, ∆H m
and ∆S mim are the change of specific
i
i
enthalpy and entropy during the solidification of natural fat (oil), Tmi is the melting or
freezing point, and T0 is the standard temperature (e.g., 37° C) at which the comparison of
~
values ∆Giim is done.
It follows from equation (4) that, at a certain approximation, there should be a
~
correlation between ∆Giim (calculated for the standard temperature) or the indicator of the
product’s anti-aging (gerontological) value, GPGi [3, 5], and the fats or oils’ congeal (pour or
freezing, or melting) point [11, 15, 36]. Let me note that the GPGi indicator is proportionate
~
to value ∆Giim [5, 7, 23]. Indeed, such a correlation does exist. This is confirmed by the
known data presented in Fig. 2. We can see that as a rule, vegetable oils have a relatively low
~
pour point and, consequently, higher ∆Giim values (as compared to fats). According to the
theory, they have heightened anti-aging value. It is common knowledge that these oils are
recommended for use as food during various diseases and to prolong the duration of healthy
life [21, 33]. Needless to say, the correlation presented in Fig. 2 can be specified by a strict
~
evaluation of ∆Giim and the GPGi indicator. The latter’s value, as well as a product’s
congeal point Tcong ( Tmi ), depend on the environment and the age of the plant or animal used
as food [5]. To emphasize this point, the data in Fig. 2 are presented as large circles. Let me
note that such calculations are easy to perform in relation to proteins and carbohydrates, as
well as the food additives and medicines.
A convincing argument in favor of the thermodynamic theory of aging is a wellknown phenomenon, namely, medical recommendations to reduce the caloric intake. In will
1

This example may help the reader believe in the effectiveness of the thermodynamic theory when ascertaining
the direction of the evolution and development of the living organisms.
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10

8

Hemp-seed oil
Linseed oil
Hippopheae oil, cedar nut oil
Sunflower oil
Mustard seed oil
Soya oil
Olive oil
Cotton seed oil
Rape seed oil
Seal fat
Whale fat
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Pig fat
Horse fat
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Beef fat
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-15
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ТCong , ОС
be in order here to quote prominent gerontologists [30] saying in the popular scientific
magazine : «Investigators have know for decades that caloric restriction extends life and the
Fig. 2. Dependence of “anti-aging (gerontological) value”
of edible oils and fats, GPGi, on their congeal point, Tcong. GPGi and
Tcong depend on the environment and age of plants and animals. A
ten-point GPGi scale is used. It is assumed that ten GPGi points are
given to the oil with a congeal point of -30°C; no points are given to
fat with a pour point of 47°C.

duration of good health in all species in which it has been studied, as long as the diet includes
enough nutrition for routine maintenance of the body. These findings suggest that caloric
restriction might have similar effects in humans». These researchers believe, however, that
there is no indicator, which would make it possible to objectively assess the rate of aging in
humans or other species. The thermodynamic theory of aging introduces such an indicator or
yardstick, which can help established the degree of aging of tissues in living organisms. This
~
yardstick is the GPGi index, which is calculated by measuring value ∆G im for various types
~
of tissues. Then the less negative value of ∆G im , i.e. the higher the value of indicator GPGi,
the younger the tissue is. Reducing the caloric intake helps keep the value of index GPGi of
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~
human, animal, and plant tissues higher (cf. the scheme of the changes of value ∆G im in the
process of aging [3, 6, 7]). This reminds us yet again that nutrition significantly affects human
longevity in the state of health. There is reason to believe that gerontologically good nutrition
also has a favorable effect on overall longevity.
It is shown that the principle of stability of matter - the feedback principle is
applicable to all biological systems (their hierarchies) [7, 8, 24, 25]. The core of this principle
is as follows: during the formation (self-assembly) of the most stable structures at the highest
hierarchical level (j), for example, the supramolecular level, nature spontaneously uses
predominantly the least stable structures (accessible to the given local segment of the
biosystem), e.g., the molecular level (j-1). It has been quantitatively proved that the principle
works at the molecular and the supramolecular levels of the biotissue. There are also facts
confirming its applicability to the social hierarchies. Thus, hierarchical thermodynamics of
complex systems can help explain the social management techniques developed over
centuries, such as “divide and rule” [7, 8, 25], etc.
Further on, this work uses multicellular living organisms to examine the general
scheme of the development of organisms, as well as the structures of the higher hierarchies of
biosystems (populations, communities, etc.) from the stand of equilibrium (quasi-equilibrium)
hierarchical thermodynamics of complex quasi-closed systems.
The melting point of the organisms’ supramolecular structures
As the author repeatedly stressed, the soundness of the thermodynamic theory of
evolution and aging is corroborated by numerous generally known facts relating to the change
of the ratio of high- and low-melting structures in an organism’s tissues as its body
temperature (the temperature of the habitat) changes. Nevertheless, many gerontologists and
other researchers disregard this fact.
It would be useful to draw the specialists’ attention to the models whose study makes
one believe in the prognostic value of the theory.
The simple two-state model is:
N = D,

(5)

where N – is the native (associated) state of the supramolecular structure, and D is the
unfolded state.
In this simplest case, we can apply the obvious equation:

)

(

(c N ) (cD ) = exp − ∆G~iim

RT ,
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(6)

where (c N ) и (c D ) - concentration of N и D structures R - gas constant, T temperature. There are other long known simplified models representing the melting of
nucleic acids, proteins, and their complexes. These models were previously used only in the
study of closed laboratory systems with variable composition (substances of the same type).
No one tried to apply these models to open real systems. After the law of temporal hierarchies
(3) had been discovered, it became obvious that many known models can, with good reason,
be applied to those open biological systems which can be treated as quasi-closed at certain
time periods.
For example, the equilibrium transformation between double- and single-helix DNA
examined in old classical works [12, 18] can be presented as:
M n ⋅ D ↔ M n′ ⋅ S1 + M n′′ ⋅ S 2

+

∆nM ,

(7)

where М is a small molecule, S1 and S 2 are single helixes, and D is a double helix.
According to the limiting model, during the melting ∆n = n − n ′ − n ′′ M molecules are
released or are bound.
The equilibrium or self-assembly constant for the process (7) can be presented as:
K s −ass = (M n ⋅ D ) (M n′ S1 ) ⋅ (M n′′ S 2 ) ⋅ (M) ∆n = exp(− ∆G 0 RT ) .
The dependence of lnK on the concentration of small molecules, ligands, can be
defined from equation:
∂ (ln K s-ass ) ∂[ln (M )] = − ∆n

. (8)

The dependence of K s-ass on melting point Tm ( Ts-ass ) of the supramolecular
structures participating in equilibrium (7) is defined by the well-known equation:
∂ (ln K s-ass )
∂
=
∂Tm
∂Tm

 − ∆G 0

 RTm


 ∆H 0
=
.
 RT 2
m


(9)

9

Equation (9) is correct when the change of enthalpy ∆H 0 of the reaction does not
depend on temperature. This is quite true of type (7) processes. But the use of this equation
for the cases of self-assembly of different-type substances requires additionally taking into
account that for the different substances ∆H 0 can be notably different.
If all variables except ln (M ) do not depend on T, it can be assumed that:

∂Tm
RTm2
= −∆n
.
∂[ln (M )]
∆H 0

(10)

Values ∆H 0 and ∆n in equations (9) and (10) belong to the kinetically independent
(cooperative) unit that takes part in the processes of melting and coupling (self-assembly).
The presented type (9) and (10) dependencies can also be used if the calculations are
made for a unit of mass (volume) of supramolecular structures. In other words, if a researcher
~
do not like to use some mean values of K s-ass , constant of self-assembly, ( K s-ass ), he or she
~
may use the values ∆Giim and others. This is convenient, since it is not easy to measure the
concentration of kinetically independent units. In addition, this value is not constant for
different microvolumes of supramolecular structures. As was already noted, in
~
supramolecular thermodynamics, values ∆G , ∆H , ∆S and others are designated as ∆Giim ,
~
~
∆H iim , ∆S iim , etc. It should be noted that the values of “ ∆G “ and “RT” in equation (6) and
others should be related to the same units (mole, cooperative unit, kinetic independent unit,
gram, grams in liter and so on).
It is important that an increase of the concentration of small molecules in the
environment of DNA structures (chromatin) causes a rise of Tm , if these molecules tend to
bind with double and not single helixes. When small molecules tend to bind with single
helixes, a decrease of Tm is observed. In principle, this conclusion is true of any
supramolecular structures that contain DNA, RNA, proteins, polysaccharides, and many other
molecules [12]. Some aspects of the interaction between genetic structures and small
molecules are discussed in a short paper dealing with gene and aging thermodynamics [4].
The author [3] demonstrated the existence of dependence K s-ass = f (Tm ) using the
0

solidification (congealing) of a number of fatty acids with different Tm and ∆H m values as
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a example1. The high-melting supramolecular structures or substances have, as a rule, high
~0
0
values of Tm and ∆H m
( ∆H m )2.
I would like to give the long-known examples[36]. Butterfat has a Tm of 28-36 oC and
the heat of fusion 81.6 J/g. Cottonseed oil has a Tm from –1 oC to –6 oC and the heat of
fusion 86.0 J/g. Peanut oil has a Tm of -3 oC and the heat of fusion 90.9 J/g. Fully hardened
cottonseed oil (Iodine value ca. 1) has a Tm of 40 oC and the heat fusion 185.0 J/g.
These high-melting substances (structures) with decreasing temperature of an
organism’s tissues (the temperature of the environment) are freezed out and their role in the
processes of metabolism and structure formation is decreased.
This conclusion fully corresponds to the classical equilibrium thermodynamic theory
of solutions. Thus, for ideal solution of a solid in a physiological liquid, by using the GibbsHelmholtz equation, one can obtain:
Q
 ∂ ln x 
=
,


 ∂T  p,sat RT 2

(11)

were x is the solubility of the solid, p- pressure, sat is saturated solution, Q is the heat
of solution of a mole of a substance in a saturated solution (differential or partial heat of
solution). For ideal solutions the heat of solution Q is equal to the heat of fusion of the solid:
Q = λ f = − ∆H f . In accordance with equation (11) one can see that the temperature
0
dependence of solubility of solid is determined first of all by its heat of fusion ∆H m
.

To demonstrate the effect of the change of the ratio of the concentrations of low- and
high-melting supramolecular structures during temperature changes in an organism’s tissues,
let us consider Fig. 3. The example presented in it can help foster belief in the correctness of
the thermodynamic theory as applied to open (quasi-closed at certain points) systems.
Although the scheme presented in Fig. 3 is simplified it, strictly speaking, graphically
demonstrates the following. As the organisms’ body temperature (both in ontogenesis and
phylogenesis) goes down, the relative amount of fatty acids, fats (lipids) and other
0
and Tm in the tissues of these organismsв
supramolecular structures with increased ∆H m

1

The presented example was complex and non-informational for understanding. However, the conclusions were

true.
2

0

However, the common dependence between Tm and ∆H m does not exist.
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should decrease in a greater measure than the relative amount of low-melting structures. And
the other way around, the relational content of supramolecular structures with decreased
0
and Tm should go up as the organism’s temperature does down. This is in line with the
∆H m

Le Chatelier - Braun principle.

Tm = 61.8 OC

lgx

Tm = 13.4 OC

0

2
-1.0

-2.0

1
-3.0
60 OC

30 OC

C

O

-4.0
3.0

3.5

1 T ⋅103

4.0

Fig. 3. Temperature dependence of solubility of two substances . Illustrative ideal model .
1 – palmitic acid ( Tm = 61.8 oC, Q = 50.7 cal/g );
2 – oleic acid ( Tm = 13.4 oC, Q = 25.5 cal/g );
x – solubility; Q - heat of solution; for ideal solution Q = − ∆H f

As was already noted, natural fats and oils with low-melting points (slip points) are
accumulated in the tissues of organisms with decreasing body temperature (temperature of the
environment). The fats and oils with low-melting points contain non-saturated acid residues
basically1. That is why the concentration of non-saturated bonds in these products (their
Iodine values) is increased with decreasing the body temperature of living beings.

1

As a whole, one should take into account that the melting point generally increases with increasing proportion
of long chain fatty acids or decreasing proportion of short chain or unsaturated fatty acids. Besides, the latent
heat of fusion increases with increasing chain length and increasing degree of saturation [36].
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As was already noted, this important conclusion prompted by the theory is in accord
with a vast number of known facts [1, 7, 16, 34]. Many new research findings can be found in
Internet.
This is a proper place to give a long-known example of the variation in the structure
and composition of collagen. It has been established that the temperature of denaturation
(melting point) of collagen in homothermous animals is close to their body temperature, and
in poikilothermous animals, to the temperature ceiling of their habitat (i.e., the animal’s
highest body temperature). Fig. 4 shows the dependence of denaturation temperature Td ( Tm )
of the collagen molecule on body temperature (homothermous animals) or the temperature
ceiling of the environment (poikilothermous animals) Ten [16, 34]. The presented dependence
is in line with correlations (11) and, of course, the data in Fig. 3.

Td

,

C

40

1
2
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3
4

20
5
10
6
0

10

20
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T, C

40

Fig. 4. The relationship of the denaturation temperature ( Td ) of
collagen molecules to the body temperature (homothermous animals) or to
the upper temperature limit of the environment (poikilothermous animals):
(1) pig, parasitic nemathelminthic worms - Ascaris and Acanthocephala; (2)
human, rat, cow; (3) snail; (4) tuna; (5) cod; (6) ice-fish.
Decreasing body temperature or the temperature of the environment promotes the
accumulation of low-melting collagen structures in an organism’s tissues. Thus, the data in
Fig. 4 also constitute irrevocable proof of the correctness of the thermodynamic theory of
evolution and aging.
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There are also examples of “adaptation” of Tm nucleic acids, their complexes, and
chromatin to the body temperature of homothermous living beings or the temperature of the
environment of poikilothermous living beings (cf. [2]). Due to its relative stability, this DNA
adaptation is observed extremely slowly and is not obvious at certain points of an organism’s
life. The RNA structure should adapt relatively faster. Nevertheless, it turns out that in the
process of phylogenesis (evolution), the organisms’ DNA (RNA) structure changes noticeably
as the temperature of the environment (and other factors) change. All this confirms the
general proposition of our physical (physicochemical) theory of evolution: evolutionary
changes in the biological world (and in inorganic nature) are determined by internal (the
organisms’ genetics) and external (parameters of the environment) factors. The relative
contribution of these factors depends on the selected time scale (as we observe some changes
or others) and the stability of the examined structures. This is a manifestation of the unity of
general laws of nature (the law of energy conservation, a private case of which is the first
principle of thermodynamics, the second principle of thermodynamics, and the law of
temporal hierarchies).
Genetic regulation of development
It is assumed, with good reason, that most multicellular plants and animals begin their
life cycle with one cell, a zygote (fertilized ovum). Multiple mitotic divisions lead to the
formation a complex highly differentiated organism. This process is called growth and
development, and involves differentiation. As a result of the latter, a cell acquires a certain
structure and, multiplying, produces other cells of the same type. Various tissues (organs) are
formed in a multicellular organism, and a complex organism evolves. The origin of this
phenomenon is not clear [9]. However, growth and development are certainly linked to gene
induction and repression. It is assumed that differentiation manifests itself through complex
interactions among the cell’s nucleus, cytoplasm, and environment. Various stages of the
differentiation mechanism have been examined in literature. Naturally enough, there are many
of them.
The phenomenon of differentiation has not, on the whole, been examined in terms of
thermodynamics. The thing is that there used to exist a ban of sorts on the use of classical
(equilibrium) thermodynamics for revealing the “motive forces” of differentiation. It was
connected mainly with the open character of the living biosystems. It should be noted that at
the same time, classical thermodynamics was (still is) widely used in the study of closed
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“laboratory” biological systems” [12]. The rapid headway of bioorganic physical chemistry
and the other adjacent disciplines is associated with this circumstance.
As was already noted, in the past few years it became possible to make a substantiated
study of open living systems with the help of thermodynamic (thermostatic) quasi-closed
models. The latter are analogues of the models of chromatographic systems based on the use
of methods of classical thermodynamics [13].
It is indicative that the processes of growth and development can be examined in terms
of the change of the specific Gibbs function during cell differentiation, etc.
It is known that all cells in an organism contain the same genes. But only some of
them function during differentiation. This leads to the formation of different tissues.
Embryonic development
Embryonic development begins with fertilization and is made up of cleavage,
gastrulation, organogenesis, and the emergence of the functions of the organs’ tissues. During
cleavage, an equi-hereditory nuclei division takes place. But the division of the cytoplasm,
which differs depending on the part of the ovum, is not equal. These primary distinctions in
the cytoplasmic environment of the ovum are believed to determine the early stages of the
embryo’s differentiation. During gastrulation, the embryonic leaflets are separated and an
overall plan of the organism’s structure (a “holographic” blueprint) is formed. Than during
organogenesis the appearance of tissue germs and organ systems in embryonic leaflets take
place. Although the embryo’s cells receive the full complement of genes during division, only
some of these genes function in each type of tissue.
After division, each cell finds itself in an “environment of its own,” which has certain
specific properties. The latter may be connected (directly or indirectly) with water
concentration in the system, the amount of carbon dioxide, oxygen, and other components of
the atmosphere, the presence of biologically active hormone molecules and other metabolites,
and with a number of other factors. The latter include temperature, the intensity and spectrum
of penetrating radiation, and the values of electromagnetic gradients. It is assumed that these
factors can affect differentiation through the cytoplasm, which, in turn, affects genes. There is
reason to assume that the distinctions between these factors arise from the different position
of cells in a living heterogeneous system. A simple analogy between the position of a cell in
developing embryonic tissue and the growth of a plant (e.g., tree) leaf would be in order here.
The growing leaf orientates itself in space guided by the maximum intensity of the solar
energy flow. The amount of the solar energy accumulated by the leaf is determined by both
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the direct access of sunlight and the flow of dissipated light, which depends on the spatial
position of the leaf among its neighbors (other leaves). The latter perform the role of
components of the inner environment of the leaf in question. They are, if you will, the
surrounding “cells.” This analogy makes it easier to comprehend the phenomenon of the
differentiation and development of an embryo’s cells.
If we approach the issue from the stand of supramolecular thermodynamics, a question
would arise: are the seemingly minor changes in the biomass micro-volume during embryonic
development sufficient for affecting the thermodynamic direction of differentiation and
development? The answer is clear: quite sufficient. Numerous facts described in manuals and
monographs confirm this opinion. Thus, insignificant temperature fluctuations can produce a
noticeable change in the morphological structure of tissue, because kinetically independent
particles (along with low-molecular ones) are, here, constituted by enormous supramolecular
formations. Their rearrangement or redistribution in the system is easy to see with a naked
eye. It is clear that minor temperature changes (around several hundredth of a degree) can
significantly affect the transformation of the gene structure. What is more, they can
substantially change the rate of synthesis of individual enzymic processes due to their high
energy of activation.
Insignificant fluctuations of PH and the concentration of various substances are also
known to affect the functioning of genes (chromatin). The differences in PH can be
determined by the location of dividing cells.
Having appeared “in a place of its own,” each new cell finds itself surrounded by other
cells in physiological (intercellular) liquid. The other (previously formed) cells and the
physiological environment are the habitat (thermostat in the physical sense of this term) of the
new cell. According to the parameters of the habitat, the cell’s genetic apparatus is
“transformed”: only certain genes go into action. Another division follows, and the new cells
receive a new command from its thermostat, etc.
Each cell (chromatin) micro-local volume (i) has “thermodynamics of its own”
~
determined by the trend of ∆Giim towards minimum. The local micro-volume must contain a
sufficient number of particles (low-molecular substances and kinetically independent
fragments of supramolecular structures) to make the laws of statistics and, correspondingly,
the second law of thermodynamics applicable.
Since thermodynamic laws operate in each local micro-volume, correlation (2) is
applicable to any tissue macro-fragment.
Individual facts
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Examples that confirm the possibility of regulating gene activity under changes in
their environment include the studies of chromatin transformation under the impact of
chemical agents and physicochemical factors [14, 28]. Even insignificant fluctuations of
chromatin’s

environmental

parameters

result

in

its

observable

changes.

Heterochromatinization of chromosomes is observed in ontogenesis and is a fact that
determines an organism’s aging (development) [14, 28].
Convincing proof of the influence of the cell membranes’ structural component, lipids,
on gene transcription is provided by numerous experimental studies [19]. It has been proved
absolutely that lipids perform an important role not only in signal transduction and
intercellular transport, but also in gene transcription. Since living organisms (their biotissues)
quickly adapt to the character of fats and oils used as food [27], it is clear that the character of
nutrition affects the work of the genetic apparatus. Such effect can, in principle, result not
only in the transformation of the work of the genetic apparatus but also gradually fix
individual genetic characters. The latter accords with the existence of feedback between the
biostructures in different hierarchies [7, 8, 24-26].
A well-known example is animals changing their coloring with a change of the
environment’s background coloring. Some rodents’ changing their fur color at insignificant
temperature changes (around 1°C) have been described.
The optimal rate of the germination of seeds of some plants also frequently lies within
the 1°C range of temperature fluctuations. A commonly known fact is the effect of
insignificant temperature changes upon the function of testes in animals and humans. All this
confirms the high sensitivity of genes to the changes in the parameters of their intracellular
environment and the environment of cells and organisms.
There is no doubt that all phases of the process of embryonic development are
governed by thermodynamics. Thus, the “mitoticspinalle” model viewed as a self-made
machine can be presented as a series of consecutive stages of structure formation. The
implementation of each of these stages can, without question, be regarded as a process
~
directed towards a decrease of ∆Giim in each local zone of the developing structure.
Unfortunately, many researchers continue to believe that “the biochemical and physical
principles that govern the assembly of this machine are still unclear. However, accumulated
discoveries indicate that chromosomes play a key role”[28]. It would, of course, be interesting
to examine the stages of the functioning of the self-made machine using the DSC method and
others.
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There is reason to believe that the genome of embryonic stem cells retains totipotency,
the ability to choose an appropriate development program [17], which, in my view, is
determined by the functioning of genes through the “mechanism” of thermodynamic demand.
It has been established that there exist totipotency proteins that help preserve the special
structure (conformation) of chromatin. It is also believed that the design of a future organism
is written down in the totipotent cells in the language of mRNA.
It is known that supramolecular structures are often formed without direct
participation of, for example, the structures of nucleic acids and proteins. Thus, the “protein RNA interactions are mediated by the specific recognition of widened major groove and the
tetraloop without any direct protein-base contacts and include a complex network of highly
ordered water molecules” [37]. This confirms yet again the need to study the changes in the
specific averaged values of thermodynamic potentials (functions) within the framework of
supramolecular thermodynamics. The latter’s action should extend to all types of
supramolecular structures interacting in a living organism. Proof of this are the numerous
proven facts studied by information biology and medicine. A number of physically
substantiated examples can be found, for instance, in the monograph [10] and the work [35].
In my view, both the information theory and supramolecular thermodynamics support
the theory of Poitevin [31]. He believes that an organism is a sum of interacting systems that
exchange information in the course of rhythmic action. A special place is allocated to
electrical and chemical signals. The organism is treated as a generalized information exchange
system. In such a living system, the distinctions between the brain and the other parts of the
organism are disappeared (no “distinction between mind and body”). This point of view
corroborates the theory on the establishment of partial chemical and supramolecular
equilibrium in the organism and the helpfulness of studying the summary variation of the
chemical composition of both individual tissues and the organism at large [2, 3, 22]. As the
author wrote in his earlier works, such variation is a consequence of the thermodynamic
direction of the evolution of supramolecular structures, as well as the higher hierarchical
levels of the biological world.
The environment also determines behavioral reactions at the level of organisms and
populations. Operating here, however, are not only physicochemical factors but also all the
parameters of the thermostats of complex thermodynamic systems. In human societies, human
behavior is also affected (apart from the known material factors) by the parameters of
Popper’s 3rd world [32].
Although my conclusions are general, they show that there are no principle
contradictions between known facts and the conclusions of supramolecular thermodynamics
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on the trend of differentiation processes. It follows that this trend is determined by
“thermodynamic demand” for genes on the part of the environment (structures of higher
hierarchies), which stimulates (induces and represses) the genes’ directed functioning.
Thus, the overall potential program of cell differentiation is contained in genes.
However, this program is transformed (corrected) under the impact of the environment. It is
determined by the parameters of the environment (the medium) of the genes themselves.
Thus, the thermodynamic model of cell differentiation and the behavior of organisms,
populations, and higher structures of the biological world does not, of course, make it possible
to draw conclusions regarding the mechanisms of processes. But it can help identify their
direction and degree of completion. Awareness of the thermodynamic (thermostatic) aspects
of the development of open biological systems can be useful for comprehending the
phenomenon of life within the framework of general laws of nature.
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