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Abstract: The principle of substance stability — the feedth@aiinciple — is applicable to all
biological systems. It boils down for different tparal hierarchies to the following: during
the formation (self-assembly) of theost thermodynamically stable structures at thdésg
hierarchical level(j), e.g., the supramolecular level, in accordanci wie second law,
Nature spontaneously uses predominantly the (dlailéor the given local part of the
biological system)east thermodynamically stable structutesdonging to a lower level, for
example, the molecular levej-1). The principle can be also applied to undecstme
hierarchical levels of any temporal hierarchy.édtgs in understanding the causes of cancer
formation and the origin of some other diseases.
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"One of the principal objects of theoretical reskarin any
department of knowledge is to find the point ofwigom which the
subject appears in its greatest simplicity."

J. Willard Gibbs ™

“The aim of science is not things in themselves the relations
between things; outside these relations there realdy knowable.”
Henri Poincaré 12!



Int. J. Mol. Sci2006,7 99

1. Introduction (Hierarchical Thermodynamics in Action)

For many decades, the opinion was widespread #tatal open biological systems are far from an
equilibrium state. It was also believed that famirequilibrium processes take place in these system
Indeed, if this is true, then thermodynamics—thestaiics (or the thermodynamics of quasi-equilibrium
systems and processes)—cannot be applied.

However, recently, the law of temporal hierarchiess formulated. This law substantiates the
possibility of identifying (discerning) quasi-clasenonohierarchical systems (subsystems) within open
polyhierarchical biological systems (Appendix)ws also established that, as a rule, the proce$ses
evolution in living natural systems are quasi-eafuiim processes. It was shown that models of gjvin
systems are analogues of models of equilibriumgigequilibrium) chromatographic columns.

These facts allowed creation of the quasi-equilitarthermodynamics of near to equilibrium quasi-
closed systems. This thermodynamics is based ostétement that the functions of state (with a good
approximation) at any moment of time in quasi-ctbsgonohierarchical systems have a real physical
meaning (sense).

Thus, classical thermodynamics in a linear appratiom (the thermodynamics of near to
equilibrium systems) at the phenomenological lea be used for the investigation of the origin of
life, biological evolution, and the development aging of organisms. The investigations are carried
out in terms of kinetic (dynamical) linear thermadynics.

It has been shown that the variation of the chelngwemposition of living beings in the course of
ontogenesis and phylogenesis is a consequenceaofehn the mean specific value of the Gibbs
function for supramolecular (intermolecular) intran in formation of supramolecular structures of
an organism's tissues, which tends to a minimunmreMirictly speaking, this variation is connected
with the trend of mean specific values of the Gihbgction related to a unit of volume or mass &t al
hierarchical levels to a minimum.

The principle of the substance stability—feedbaels bbeen formulated. It is applicable to any
biological systems (belonging to different hieraes). For instance, this principle explains the
accumulation of a substance with a chemically leiglrgy capacity by biological systems in the course
of evolution and aging of living beings. This s#rste forces water out of these systems.

The arguments presented in the author's works (jnview, well-substantiated) indicate that
practically all concrete (detailed) recommendaticglating to nutrition (and lifestyle) are indivialu
They should be formulated on the basis of genardlanti-aging medicine (gerontology) and should
take into account the findings of physicochemidatatics. Nevertheless, the thermodynamic theory
of biological evolution and the aging of living @mgsms (built on the foundation of classical scgnc
provides an opportunity to formulate general cotEqgertaining to nutrition and helping prolong
healthy human life.

2. On the Principle of Substance Stability

The principle of substance stability describestdredency (trend) of natural systems to local and
general equilibria at all temporal and structuralels of the organization of matter [3-7]. It
corresponds to the second law of the Clausius—Gibbsmodynamics (thermostatics) and the Le
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Chatelier—Braun principle. The principle of su#ste stability is determined by the limited enaoget
potential (the Gibbs potential energy) of assodafmteracting) elementary structures of every
hierarchy. This principle appears at all hierarahlevels (temporal and structural) of living mattie

is connected with the fact that we can observeaiBon at time scales corresponding to our
capabilities.

The principle was formulated by the author, who lddike to obtain an understanding and the
greatest simplicity for the creation of thermodymamnodels of our world. Such an approach was
applied by classics of science, including J. Will&ibbs [1] and Henri Poincaré [2].

The formulation of the principle of substance digbin the general form (applicable to temporal
hierarchies) in accordance with the law of tempdialarchies (see Appendix) was presented in the
monographThermodynamic Theory of the Evolution of Livingrgsi[4]. However, this principle,
together with the principle of structure stabilinat was used by the author in the first articles
dedicated to the problems of the thermodynamidsiabgical evolution in 1977-1978 [3, 8]. In those
papers, the principle was presented in a form gifiré for the explanation of the variation in the
chemical composition of tissues during ontogenasis phylogenies (evolution). It should be stressed
that many well-known rules of human behavior anthan traditions are in correspondence with this
principle.

The application of the principle of stability of ttexr to the structures of adjacent hierarchies
constitutes additional proof that quasi-equilibrishermodynamics of quasi-closed systems can be
applied to biological systems in the real world.

3. The Formulations of the Principle and their Expanation

Earlier, the author proposed different formulati@hghe principle of substance stability, which do
not contradict each other [3-6, 8-10].

The principle applied to molecular and supramolacstructures was named the principle of the
stability of a chemical substance. Subsequently ghinciple was applied by the author to various
hierarchies as a part of the theory of the evotutiblife. It has been named the principle of digbof
matter or the principle of substance stability e- bedback (Gladyshev’s) principle.

It boils down to the following: during the formatig¢self-assembly) of theost thermodynamically
stable structures at the highest hierarchical leygl e.g., the supramolecular level, Nature, in
accordance with the second law, spontaneously prestominantly the (available for the given local
part of the biological systengast thermodynamically stable structutesonging to a lower level, for
example, the molecular levegtX). The justice of the principle is proved on aantitative basis as
applied to the molecular and supramolecular strattavels of biological tissues.

| would like to present an illustration. The supadecular structures of the tissues (a higher level
structurej, compared to the molecular levgll) in the course of ontogenesis and phylogenesis
accumulate relatively unstable molecules (substangdth a relatively high chemical energy capacity),
for instance, fats, which force water out of théssues. Similar phenomena occur in some molecular
chromatographic columns (as a rule, in hydrophakits and columns) [4, 6, 8, 11-15]. All chemists
know about it. These columns accumulate substaritearhigh energy capacity. These facts do not
surprise us, although open heterogenemisorbent (absorbent) — adsorbatgstemsapproaching
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supramolecular equilibria, on the whole,move away from chemical equilibrium with the
environment.

In this environment there are precisely those chahsubstances that penetrate the column. The
removal from chemical equilibrium with the enviroem is the consequence of the trend toward a
minimum of the specific supramolecular componenthaf Gibbs function — the Gibbs free energy
(e.g., for biological tissueﬁ m

Now, for best understanding, | would like to et a detailed illustration of the thermodynamic
model of ontogenesis and the aging of living orgars. In some cases | will repeat the same statsment

4. Thermodynamic Model of Ontogenesis and the Agingf Living Organisms

The thermodynamic trend of the evolution of biotagisystems is easiest to identify in studying an
organism’s evolutionary development (ontogenesis).

It is demonstrated that the motive force of ont@gen (as well as phylogenesis) is the trend toward
a minimum of the specific supramolecular componainthe Gibbs function of thé&h organism

(biological tissue),Gziim [4, 6, 8, 10-11, 13, 16-17]. The symbol «—» metduas we consider the mean

value (relating to the macrovolume), and the symbob stresses that the system is heterogeneous.

This trend is presented in the lower part of Figure

ScalesA andB are different A G “"is much greater thah G ™. The time axis set by the second
law of thermodynamics is scaleless. Jagged lineteul onto the curves emphasize the fact that
fluctuations of environmental parameters (tempeeatpressure, diet, physical fields, time of day,
season, etc.) change the leval§ " andA G ™ Organisms adapt to these fluctuations only within
the limits of the adaptive zone (the range of tbee).

The use of the average integral valad" (or A G '™ obliges one to refer to a new branch of
physical chemistry, supramolecular thermodynamBzd,[8], which studies complex supramolecular
structures without any detailed analysis at theewwhr level. This approach does not contradict the
methods of phenomenological thermodynamics angehaps, currently the only effective approach
to the study of the thermodynamic aspects of eimiutging, and behavior of living systems.

As ontogenesis progresses, one can observe théhgobthe energy capacity of the biological mass
(top part of Figure 1), that is, its specific cheaiicomponenf; hor AG " (as well as the change in
the specific enthalpy of the chemical componenbjictvis a secondary effect. According to the second
law, the thermodynamics of supramolecular inteomsti (or supramolecular thermodynamics)
“benefits” by the accumulation in a biological syst of chemical substances with a high energy
capacity (the reference is to the chemical comp’oﬂﬁﬁ °M, which oust water from this system. This
can be explained by the fact that substances withagively high energy capacity have a heightened
capacity for participation in the formation of saprolecular structures (the principle of the stabiif
a chemical substance).
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Figurel. Scheme of changes in the specific chemical enexggaity of the biological mass (biological
tissue) A G " or the specific heat of combustig#) and thermodynamic stability of its
supramolecular structures during ontogenesis ofdibeings G ™ (B).

The chemical composition of the supramolecularcstmes of biosystems changes slowly over
temporal segments commensurate with the duratiadaptive processes and ontogenesis (as well as
in phylogenies and during protracted stages ofolgiohl evolution as a whole). As biological tissue
ages, supramolecular structures become more stestmodynamically (needless to say, the reference
is to the stability of the supramolecular strucsutBemselves, not that of the chemical substance
forming them: the energy capacity of the latteesiswvhile its stability decreases).

The selection of thermodynamically more stable aoqmlecular structures (structural stabilization
of the phase) is determined by the thermodynanuiofait is postulated that the time of retention,
retention time (the term was borrowed from chromgetphy), of molecules (macromolecules) at the
supramolecular phasé™. is connected with the value of the Gibbs functibthe formation of supra-
molecular structures:

™Mo = A exp(—A G™/ RT), (4.1)

whereA is a coefficientR is the gas constant, ailds temperature.
The molecules retained longest (which are prodattsiosynthesis or have entered the biosystem
from the external environment) located in the sopigcular phase promote the selection of their own
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kind, which also changes the composition (and cbalmature) of the phase of supramolecular
structures. As was noted above, this change ismaecuence of the operation of the thermodynamic
factor, although in this case it manifests itsbtbtigh kinetics (Equation (4.1)). Thus, at the phafs
supramolecular structures, there occurs an acctiomulaf molecules (absorption and adsorption)
whose self-assembly is the most advantageous imtuynamic terms (these molecules have a
heightened affinity with the phase of supramolecstauctures). In the presence of a matrix synghesi
mechanism, these molecules have advantages inlieatign (multiplication). As a result, the specifi
Gibbs function of the formation of supramolecul@tusturesA G™m (or the specific value of the
Helmholtz function, which practically coincides tiit in the condensed phase) increases in absolute
value, becoming more negative as biological tissugves (ages).

For clarity, | would like to say that, in formulag the principle of substance stability, | consitien
cases (in the figure 1, the indeat éiim and G " are omitted).

Case 1.n this case, | am speaking about the tendenclgeo§pecific value of the Gibbs function of
the complex system “investigated system — envirmméi'm (1) to a minimum. This tendency is

connected with the evolutional variation of the mineal composition of the system. The chemical
composition of the system changes over a long Secae (during ontogenesis and phylogenesis —
evolution).

Case 2. In this case, the relatively supramolecular (anehaleal - molecular) structural stability of
the investigated systems is compared at each denti@ment of time (at a certain moment of time of
ontogenesis and phylogenesis). Here the specifiesaf the Gibbs function of structure formation

éiim (2) for the investigated systems are comparedciitndase, an internal supramolecular equilibrium

in each of the investigated systems of constannate and supramolecular composition is established
and the value oéi'm (2) reaches a minimum. Here one can speak ofdlagively thermodynamic

stability of the structure of an investigated syste
Thus, the index (in éi'm) in case 1 is related to the system of variablagasition (the long time

scale). In case 2, this index is related to théesys of constant composition (the short time scale)
These statements are valid for all temporal hi@iascof the living world. In the figures of suclpgy
the indexi may be omitted.

On account of the principle of substance stabilibg Gibbs functions of all hierarchical levels
(during ontogenesis and phylogenesis — evolutiomkhifted slowly to less negative values (figuye 2

It is very important to remember that the principfesubstance stability is the qualitative (semi-
guantitative) principle. Precise mathematical folation of the principle may be impeded, because the
measurement of the absolute values of thermodynfamations is not possible.

The assessment of the value/oG ™ can be performed with the use of the approximate$s-
Helmholtz—Gladyshev equation [6, 9, 18], which dmn used for the investigation of quasi-closed
systems of variable composition. For ttiesystems (substances) we have

AG™ = (AR ™ /T )(Tm —To) =ASITAT, (4.2)
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WhereAaim is the specific Gibbs function (specific Gibbsefrenergy) of the formation of the

condensed phase of the substance (meitieﬂs::r':‘ and Aggnm are the changes in the specific enthalpy

and entropy during self-assemb% is the melting or freezing point (mean value), dids the
standard temperature (e.g.,°2% at which the calculation of values Aaim is done. It follows from

Equation (4.2) that, in a certain approximationeréh should be a correlation betweantziim

(calculated for the standard temperature) or thdicator of the nutrition product's anti-aging
(gerontological) valu&PG [6, 19] and, for example, the congealing (pourifigezing, or melting)

point of the fats or oils [15, 9, 6]. Note that tBPG indicator is proportionate to the valuemaim.

The thermodynamic theory of ontogenesis can hegfa@xthe phenomenon of adaptation of living

organisms to changes in various environmental fadte 8, 12]. Thus, a change in the temperature
Tm and chemical composition of food causes changéseiromposition of the organism’s biological

tissues.
Note that the scheme of ontogenesis presented{Fig.applicable to phylogenies and to biological
evolution generally.

5. The Scheme of Application of the Principle to &Hierarchies of Living Matter

As was already noted, the principle of substanedild#ly is evident at all hierarchical levels
(temporal and structural) of living matter. A siariremoval from “inferior” or “lower” equilibria tees
place in all biological systems (belonging to diffiet hierarchies). This corresponds to the quasi-
equilibrium thermodynamics of quasi-closed systefige second law of thermodynamics, as it was
formulated by Gibbs [1, 6, 20-21], acts everywhefg should take it into account in the case of
specification of the scheme of changes in the §ipeGibbs function of every hierarchy, precisely,
every monohierarchy (see, for example, the figiuregorks [6, 9, 22].

The levels of the Gibbs function of formation df mlonohierarchical systems during the emergence
and degradation of living matter shift to lessegatese values.

Figure 2 presents the scheme of the change in thbsGunction (the Gibbs free energy of
formation of structures of the biological world)hi$ scheme is a scheme of the cycle of the relative
circulation of matter in nature. The cycle can Wbaded from the standpoint of hierarchical
thermodynamics.
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Figure 2. Scheme of the change in the Gibbs function of faionaof complex system&G ' [6, 8]
during the emergence and degradation of chenibabhd supramolecular structuré@sy, as well as
organismsdrganisn), populationsgop, communities¢om, ecosystemse€d, and the noosphere
(noosph. The indeX is the type of structural hierarchy.

The long arrows in the center (the gray area) efsbheme at the bottom show the direction of
thermodynamic self-organization (self-assembly) tbé elementary structures of everjl)th
monohierarchy, which are condensed to form thesiras of the next (highejth monohierarchy. The
short parallel arrows of the scheme show the dispieent of Gibbs function to the back side — to
lesser negative values during ontogenesis, phy&sienand evolution. This, as was already notedl, is
consequence of the effect of the principle of safst stability!
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Obviously, the motive force of th@on-spontaneous processafsthe cycle of matter, first of all, is
connected with the Sun. In terms of “dargpontaneous processethe motive force of the self-
assembly and evolution of biological structurealbhierarchical levels is “thermodynamic forces.”

In conformity with the principle of energy differgation [3-4, 8] (and the law of temporal
hierarchies), the specific values of the Gibbs fiamc of self-assembly (thermodynamic self-
organization) at different hierarchical levels difignificantly. Thus, there exists the series

.>> MG >> AAG I s> (5.1)

where AAG | and AAG 1% are the changes in the specific values of the $fhhction of formation
of structural hierarchieg andj + 1 calculated for a unit of volume or mass. Ihestwords, the
coordinate axes (the ordinate axes) of the schegsepted in Fig. 2 are of significantly differenalke.
The scale of this axis is the logarithmic scaleo(ggh estimation).

The Gibbs function of formation of molecules angrsunolecular structures as complex systems
often coincides, under the conditions of the Eartfth the Gibbs function of formation of the
corresponding simple systems. In view of this,dbeerisk inAG . may be omitted.

Thus, the principle of the stability of matter betprinciple of the stability of substance (feedf)ac
is connected with the evolutional trend of mearcdjgevalues of the Gibbs function related to atuni
of volume or mass at all hierarchical levels toiaimum.

For example, as was stated by the author in 197/&8;1Biological objects become (primarily)
chemically unstable (instable) during life. Thedgeats age as a result of degradation [3]. Recently
Professor Leo Heiflick has noted this obvious ainstance. He wrote to the author: “I believe, as you
do, that aging in biological material is causedthy thermodynamic instability of molecules. This
instability increases at rates faster than the @apéor repair. | have described this in some rece
papers ....” Here Professor Heiflick is speaking dbitne thermodynamic instability of chemical
(molecular) substances.

The author applied the principle of substance btalib the structural hierarchies that function
inside any temporal hierarchy. These structuralranohies have been named “understructure
hierarchies.” An illustration of the principle isqvided by the selection of a sequence of nucleidsa
including AU pairs in evolution, although these rpaiare less stable from the standpoint of
supramolecular thermodynamics than GC pairs. Hetlee selection of natural (AUGC) sequences
takes into account not only the stability of thevém understructure supramolecular hierarchy, as was
sometimes previously believed, but also the stgbdf the highest understructure supramolecular
hierarchy, as well as tertiary, quaternary, and higlhest supramolecular structures — nucleic acid—
protein complexes.

There are some facts that call for applicationhef principle of substance stability to the hiergrch
of cells. Thus, tumor cells have a lower ability Bmgregation. As a result, they easily move in the
body, which leads to the appearance of metastdkescell membranes of tumor cells are, apparently,
formed from supramolecular structures of increastadbility. Hence, the supramolecular stability of
cell aggregates formed with the participation ofmtu cells should be lowered according to the
principle in question. In order to increase theemie ability of the cells, the structure of menmas
should be “diluted” and made less thermodynamicatbble. Hence, it is clear why experimental
anticancer diets propose the use of plant oils tdtanimals from cold seas, and other products
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containing residues of unsaturated low-melting-patty acids. The anti-tumor effect of aspirin can
also be explained on the basis of such statem€&hése ideas agree with the recommendations made
using the thermodynamic theory of aging [6, 23][d8] there are many inadmissible errors in English
e.g. p- 437; in the Russian version of this jouthafe are no such errors).

The principle of substance stability allows us twlerstand the effect of the influence of some
chemical substances on the supramolecular strigscaireucleic acids [6]. As a result of the actidn o
such substances, “sleeping” ancient genes (accteadutduring the evolution of living beings) can
awake. These genes can stimulate some types adrcanc

The conclusions of hierarchical thermodynamic ameekent correspond to the conception of Libb
Thims about the thermodynamics of “human molecu|24].

| would like to note that the author’s conceptidregolution and life, which were first put forth in
1977-1978, correspond to James Lovelock’s Gaiaryheblife on the Earth, which he proposed in
1979. The basis of his well-known ecological theigrthat the Earth is a self-regulating organisat th
adjusts to changes in order to maintain suitabtelitimns for life.

Some facts confirm the author’s point of view tfegdback between all hierarchical levels of the
biological world is based on hierarchical thermaaiyiics. These feedbacks can be schematically
presented as a sequendBosphere — ecosystems— populations’ — organisms’ — cells —
supramolecular structures»> proteins and some other macromoleculesDNA (RNA)[5-6, 10, 23]
Hence, the principle in question is applicable tbhéerarchies (and understructure hierarchies),
including the molecular and supramolecular strgdor which it was first formulated.

| believe that the principle of substance stabilityarious forms can be extended to all hieraschie
of matter [5, 6, 10].

6. Conclusion

Some investigators, it is possible, will call atten to the fact that much of what | am writing abo
is already known! Much, but not all. And this istribe point! The point is that, on the physicalibas
of hierarchical thermodynamics, a general phygivabry, it was possible to reveal a generalityt{gni
that is characteristic of the living world (and natly the living one). Of course, this unity, the
principle of substance stability, generalizing thienplicity of many thermodynamic quantitative
models, corresponds to a philosophical method ghition of the world that has developed over
centuries: first, simplicity is revealed, and tfemm an aggregate of simplicities, unity is reved2,
21]. However, if an aggregate of unities existagain may lead to a simplicity, which will embaoaly
new unity [21].

The thermodynamic theory applied to the living wloshould not only explain all that is reliably
known but also predict new knowledge.

Appendix

The law of temporal hierarchies (which some redeaschave began to call Gladyshev's law) can
be presented as a series of strong inequalitiesdirection of this series is towards increasingrage
life-spans of structures on going from lower tohag structures. In the simplest case, this lawhmn
presented as
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y <<tm << tim << torganism<<,[pop << .. (A.l)

wheret™ (tCh) is the average life-span (duration of existerafehe organism’s molecules (chemical
compounds) taking part in metabolisti™ (tSUP) is the average life-span of any intermolecular
(supramolecular) structures of the organism’s @sstenovated in the process of its growth and
development;t®92"SM is the average life-span of organisms in the pation; andtP°P is the
average life-span of the populations. For the sdlkgmplicity and clarity, |1 consciously (intendjmit

in the series of strong inequalities (A.1) the-Bfgan of cells and some other complex supramolecula
structures. Needless to say, this series (detethtipehe presence of metabolism in the world ahlv
matter) accords well with reality and reflects #hastence of temporal hierarchies in living systems
This rigorously substantiates the possibility ofntfying (separating) monohierarchical quasi-ctbse
systems (subsystems) belonging to different temgsteuctural) hierarchies in open polyhierarchical
biological systems. Note that each type (speciesyganism is characterized by its own average life
span values for different-type hierarchies. Howgewsaries (A.1) is observed for each species of
organism.

The series of times of imagined relaxation of ddfé-hierarchy structures postulated by the author
in 1976 had an opposite direction as compared riess€A.1). Nevertheless, both these series give
reason to make a conclusion on the possibilitydehtifying quasi-closed systems in open biological
objects. | believe there is a profound link betweka directions of these series of the times of
imagined relaxation and the life-spans of differeigrarchy structures. The sources of this link, dan
believe, be identified on a statistical basis forideal structural hierarchical model. In any cdsmn
perceive a simple route towards comprehendingxfstesmce of this link.

Thus, the law of temporal hierarchiesakes it possible to identify, in open biologicgstems,
quasi-closed thermodynamic systefagbsystems) and to study their development (@mesgjs) and
evolution (phylogenesis) by studying the changéh specific (per unit of volume or mass) value of
the Gibbs function of formation of the given higheerarchical structure from structures of a lower
level.

It was established that, in the process of ontogjen@s well as phylogenesis and evolution
generally), the specific value of the Gibbs funectiof formation of supramolecular structures of the
tissues of aimth organism(giim tends toward a minimum:

<im_1 (95" -
G, —vja—m(x, Y, 2)dxdydz— min_ (A.2)
0
whereV is the volume of the systerm is the mass of the identified microvolumesy, andz are
coordinates; the symbol* means that valuéiim is specific (relating to the macrovolume); and the

symbol ‘T stresses the heterogeneous character of thensyEir clarity, | would like to say once
again that the correlation (A.2) shows the tendesfcthe specific value of the Gibbs function of the

complex system “investigated system — environmeégfm (1) to a minimum. This tendency is

connected with the evolutional variation of the mineal composition of the system. The chemical
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composition of the system changes over a long seae (during ontogenesis and phylogenesis —
evolution).

Note that correlation (A.2) implies taking into acot intermolecular interactions in all hierarchica
structures of the biological tissue (intra- andrasgllular interactions). This is fully justifiednse
structural hierarchy does not always coincide wethporal hierarchy. Thus, some types of cells do no
divide (according to current views) and, like orgaage along with the organism. However, for any
supramolecular hierarchy-1) there exists some highgr+ x) hierarchy, so that) << t1*X, where
tI 7 andt!** are the average life-spans (lifetimes) of elenmyn&iructures of the corresponding
structural hierarchies in a living systen 0, 1, 2, ... , etc.
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