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Abstract:

Both classical thermodynamics and statistical physics convince us that all gases cool when they expand. Apparently, this is
why the fact that hydrogen gas heats up when it expands is generally ignored, at least by biologists and physicians. By
drawing attention to such a radical difference in the thermodynamic properties of gaseous hydrogen and the gases that make
up the air, it is shown here that it is precisely this difference that allows revising some traditional views both on the driving
force of the evolution of life and on the true purpose of some features of life activity. Thus, it is shown here that this revision
allows considering the human microbiota as an evolutionarily fixed source of both hydrogen and heat. At the same time, it
has been shown that this revision allows radically reconsidering the generally accepted views on the root cause of the
emergence of symbiosis of mitochondria and cells, including human ones. It is also shown that the true purpose of breathing
may be to cool the human body, which is heated by the expansion of hydrogen produced by both the human microbiota and
the mitochondria. Given that all of these ideas are unusual, especially for physicians, their rationale and medical implications
are discussed in detail here; in particular, physicians are asked to consider that any inflammation may be a consequence of

excess hydrogen production by both the human microbiota and the mitochondria contained within human cells.
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Introduction

The mathematical calculations underlying classical thermodynamics and
statistical physics show that all gases must cool when they expand [1, 2].
As a result, both classical thermodynamics and statistical physics
effectively force us to neglect the fact that both hydrogen and helium heat
up as they expand [3] (it is perhaps worth noting here that such neglect
seems particularly surprising in relation to helium, whose molecular
structure and properties most closely correspond to the ideas about the
structure and properties of an ideal gas that underlie both classical
thermodynamics and statistical physics [1, 2]). Thus, given that intestinal
gas can contain up to 50% hydrogen [4], it turns out that the human body
is constantly in contact with gaseous mixtures, namely intestinal gas and
air, which have fundamentally different thermodynamic properties. Since
this difference in thermodynamic properties is usually not taken into
account, it is proposed to discuss its impact on the human organism; it is
hoped that the evolutionary approach used here can make this discussion
more logical.

Discussion
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So, based on this very difference, one can conclude that the expanding
hydrogen gas of intestinal origin (actually microbial [5, 6]) heats the
human body, and the air, both surrounding and inhaled, cools it. At the
same time, this provides grounds for revising traditional views on the liver
as the most powerful producer of heat in the human body [7, 8]. Thus, it
is quite likely that most of the heat is not produced by the liver itself, but
comes into it from the intestine along with the blood of the portal vein [9],
previously heated by the expanded intestinal hydrogen. This, in turn,
allows us to consider Escherichia coli not only as the most powerful
producer of hydrogen gas in the human intestine [10 — 12], but also as the
main supplier of heat for the human body.

Developing this idea, it is also worth adding that it is Escherichia coli that
allows considering the human body as a kind of hydrogen-air
electrochemical cell (Figure 1). Thus, based on this consideration, the
electrical currents that undoubtedly flow between the human intestine and
those human organs that come into contact with the air, primarily the
lungs and skin, can also be considered as sources of heat (of course, this
statement is based on the fact that any electric current generates heat [13]).
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Figure 1: This is a diagram of a hydrogen-air electrochemical cell [3]. The red arrows indicate the movement of electrons from the compartment with
an aqueous solution saturated with hydrogen gas to the compartment with an aqueous solution saturated with air.

In any case, all these considerations mean that the contribution of
Escherichia coli to the functioning of the human body may be much
greater than is commonly believed. Moreover, these same considerations
provide grounds for rethinking the role of symbiosis that occurs between
humans and other bacteria that make up the human microbiota [14 — 17].

To make this rethinking more justified, it is worth analyzing the
emergence of this very symbiosis in historical terms.

Thus, it is currently believed that the atmosphere of the ancient Earth
contained quite a lot of hydrogen (Figure 2, bottom left) and was
completely free of oxygen.
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Figure 2: This is a diagram that shows current views on the evolution of the Earth's atmosphere [18].

This, accordingly, indicates that primordial life arose and developed in
waters containing hydrogen. Moreover, it suggests that the disappearance
of hydrogen from the environment surrounding ancient cells forced those
that did not produce hydrogen to look for sources of it. Thus, it is likely
that it was precisely the need of these cells for hydrogen that prompted
them to form a symbiosis with hydrogen-producing bacteria of the genera
Clostridium, Enterobacter, Klebsiella, Citrobacter and Bacillus [19].
Therefore, this symbiosis should be considered as an evolutionary
adaptation that allowed ancient cells that did not produce hydrogen to
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survive. Accordingly, the fact that these particular genera of bacteria form
the modern human microbiota should be considered the result of
evolution, preserved since ancient times.

Reasoning in the same way, it can be assumed that the assimilation of
mitochondria by these same ancient cells had the goal of reproducing a
hydrogen-containing internal environment in them; naturally, such an
assumption is based on the fact that hydrogen atoms are the main products
of the mitochondrial Krebs cycle (Figure 3).
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Figure 3: This is the Russian language diagram of the mitochondrial Krebs cycle that seems most suitable for this article; the suitability of this
diagram is that it is free from many details that obscure the fact that the main products of mitochondria are hydrogen atoms.

The pairs of hydrogen atoms formed in the cycle are circled [18].

Apparently, it soon "became clear" to ancient cells that all these types of
symbiosis are not only sources of necessary hydrogen, but also sources of
excess heat released by hydrogen during its expansion [3]. Therefore,
ancient cells were forced to find ways to both cool themselves and limit
the uncontrolled expansion of hydrogen gas. Given this, it is likely that
the necessary cooling was originally achieved by ancient cells using
currents of water and air that existed in the environment, which over time
developed into systems of multicellular organisms that ensure the
circulation of biological fluids such as blood and lymph, as well as air.

Since the inhaled air is now seen solely as a source of oxygen, and the
blood as its supplier, the proposed view of the original purpose of all these
systems may seem surprising. To make this view more acceptable, it is
worth noting that oxygen gas appeared in the Earth's atmosphere much
later than the first forms of life (Figure 2, right). At the same time, it is
useful to consider separately the contribution of the emerging gaseous

oxygen to the cooling of the cells.

First of all, it should be taken into account that oxygen molecules can
react in the mitochondria with hydrogen atoms (in fact, with NADH)
formed in the Krebs cycle (Figure 3), thus creating water (Figure 4) and
hydrogen peroxide. Secondly, it should not be forgotten that oxygen
molecules are also capable of binding hydrogen atoms carried by NADH,
thus forming superoxide anions and hydrogen ions: NADH + O2 — NAD"
+ O2H (— Oz~ + H") (1) [20 — 23]. All this, accordingly, shows that
molecular oxygen supplied with air prevents the formation of hydrogen
gas, which produces heat during expansion.

Although all this is sufficient to confirm the role of molecular oxygen in
cellular cooling, the contribution of hydrogen ions formed together with
superoxide anions (1) cannot be ignored. So, given that under terrestrial
conditions only water enriched with uncompensated hydrogen ions is
capable of evaporating [18, 24], thereby cooling any aqueous
environment [1, 2], it turns out that hydrogen ions formed in mitochondria
also contribute to the cooling of cells.
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Figure 4. This is a typical diagram of a working mitochondrion. From this diagram, it is clear that molecular oxygen can react with hydrogen atoms
supplied by NADH from the Krebs cycle and thus neutralize them [18].

Thus, it turns out that the appearance of oxygen in the Earth's atmosphere
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transformed mitochondria into organelles capable of producing hydrogen
atoms, but preventing the heating of cells. Accordingly, NAD and FAD,
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in particular mitochondrial ones (Figure 4), can be considered the first
substances that prevented the formation of hydrogen gas from its atoms
formed in the Krebs cycle (Figure 3), and, thus, the heating of cells.
(Reasoning in the same way, one can also conclude that other hydrogen
atom carriers, first of all, the ubiquitous quinones, i.e. ubiquinones [25,
26], arose for a similar purpose).

So, it turns out that with the appearance of oxygen in the Earth's
atmosphere, mitochondria turned into organelles capable of regulating
heat production in various ways. To complete the picture, it is worth
adding that as a result of all these reactions (Figure 4), molecular oxygen
loses the ability to form a gas that cools during expansion.

Conclusion

Although the proposed concept is based on the real properties of hydrogen
and oxygen gases, it may look unusual to both biologists and doctors.
Therefore, it is worth demonstrating the biological and medical
advantages of this very concept.

Thus, thanks to this concept, most species of normal human microbiota
become heat suppliers for the human body. This, in turn, allows
explaining quite clearly the anti-cancer effects of the good human
microbiota [27 — 29]. So, given the high sensitivity of cancer cells to heat
[30—33], it is quite possible that it is the heat produced by this microbiota
that determines its anti-cancer activity. Thus, it turns out that it is this
concept that allows proposing for the first time an explanation for the anti-
cancer effect of heat that does not appeal to disturbances in biochemical
reactions in cancer cells [30, 31], but is based on their lower heat capacity
compared to healthy cells [34]. This, apparently, also forces reconsidering
the generally accepted views on the nature of the anticancer effects of
hydrogen therapy, especially hydrogen inhalation [35 — 38], which are
mainly based on the reducing properties of hydrogen [3].

It is obvious that the proposed concept also allows reconsidering the
established views on the activity of mitochondria. In particular, it is this
concept that allows assuming that mitochondria generate energy in the
form of heat released both during the expansion of hydrogen gas and
during the occurrence of electric currents in the mitochondrial electron
transport chains [39]. Developing this point of view, it can be assumed
that ATP molecules are not carriers of the mysterious “biological energy”,
but act exclusively as donors of phosphate residues, the addition of which
to target substances causes their polarization, increasing chemical activity,
for example, as in the case of glucose and fatty acids.

To make the latter assumption more acceptable, it is worth noting that it
is the electrostatic repulsive forces [13] arising between the ionized
phosphates in the doubly phosphorylated glucose molecule (D-glucose-
1,6-bisphosphate) that break it into two fragments. Thus, it turns out that
completely ordinary electrostatic forces, i.e. those acting without the
participation of any “biological energy”, transform the glucose molecule
into its metabolites.

Finally, it is worth noting that the proposed concept allows doctors to
consider any inflammation as a consequence of excessive hydrogen
production by both the human microbiota and the mitochondria contained
in human cells. Accordingly, this concept gives doctors the basis to use
breathing exercises that cool the human body, in particular for Sitali
Pranayama, as a means of treating any inflammation; in any case, they
may recommend these exercises based on evidence that body cooling
promotes human longevity [40 — 42].
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