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 Abstract

Any pathological process proceeds on the background of hypoxia/ischemia, inflammatory, immune or 
autoimmune processes. These processes lead to an increase in active forms of nitrogen (•NO/•NO2) and oxygen 
(•O2-/•OH). The article analyzes the relationship between the violation of cyclic regulatory mechanisms and 
the formation of active forms of nitrogen and oxygen that can interact with each other to form even more 
reactive compounds that can participate in the oxidation and damage of the main components of cellular 
structures – proteins, nucleic acids and unsaturated fatty acids. The mechanisms of NO and •O2

- cycles 
that support the production of Reactive Oxygen Species (ROS) and Reactive Nitrogen Species (RNS) within 
the physiological norm are analyzed. The connection between the ideas of Rudolf Virchow (1821-1902), 
L.A. Orbeli (1882–1958), G.N. Kryzhanovsky (1922-2013) and the ideas of modern scientists and doctors 
about principle of cyclicity in space and time can form the foundation for understanding elementary 
biochemical reactions, the violation of which leads to the development of a typical pathological process 
(TPP). This TPP according to some scientists and doctors can be considered as a common denominator 
of all pathological processes occurring on the background of hypoxia / ischemia, inflammatory, activation 
of immune and autoimmune processes. Excessive production of Reactive Oxygen Species (ROS) and 
Reactive Nitrogen Species (RNS) can lead to oxidative/nitrosative stress, which is known to damage cells, 
subcellular structures, organs and tissues. Oxidative and nitrosative stress as a result of the formation of 
nitrogen dioxide, peroxynitrites, OH-radicals destroys the biochemical structures of the body and leads to 
a transition from normal physiological processes to pathological processes.
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Introduction

	 Nobody knows what life is. No one knows why normal physiological processes turn into patho-
logical processes. Disease, like life itself, cannot be given an exhaustive definition, since disease is a special 
form of the life process, a qualitatively new form of life activity that occurs in response to an extreme stimu-
lus and manifests itself in distorted regulatory mechanisms and a decrease in adaptability. Identification of 
regulatory components, analysis and generalization of the mechanisms underlying the transition of normal 
physiological processes to pathophysiological ones are therefore important tasks of modern biology and 
medicine. On what factors does human health primarily depend? 

	 Human health, life and its quality are determined by the state of the regulatory systems of cells, 
organs and the body as a whole. The words of Rudolf Virchow (1821-1902) are still relevant: « It is not life 
in improper conditions or a distortion alone that causes disease; in contrast, disease starts with a failure of 
the regulatory system». Analysis of the literature data and the results of our morphological and biochemical 
studies made it possible to identify the main mechanisms leading to the transition from normal physiological 
processes to the development of general pathological changes. The review is devoted to the analysis of 
ideas that arose in the course of solving experimental and clinical problems. Some of these decisions were 
of great practical importance and significantly affected the life expectancy of the population in the USSR 
and Russia.

Primary and secondary atmosphere of earth and atoms, that have become the main components of 
cells 

	 Earth’s primary and secondary atmosphere and the atoms that have become the main components of 
cells [1,2]. According to modern concepts, most of the Earth’s primary atmosphere consisted of hydrogen 
(1H2) and helium (4He). Carbon (12C), nitrogen (14N) and oxygen (16O) atoms, in accordance with modern 
concepts, appeared during the so-called CNO-cycle, proposed and substantiated in 1938 by Bethe in the 
analysis of three connected and partially overlapping cycles. These events took place in the solar system 
more 5 billion years ago. At present, such reactions can be observed by modern astrophysical methods 
in the Andromeda galaxy [3]. In 1967, an American astrophysicist and nuclear physicist Hans Bethe won 
the Nobel Prize in Physics for «contributions to the verification of nuclear reactions, especially for the 
discovery of the energy sources of the star». 

	 Thus, according to modern concepts, the primary atmosphere of the Earth was formed from a 
proto planetary cloud during the formation of the solar system as a result of the capture of the above 
substances/elements by the gravitational field of the Earth [4,5]. The secondary atmosphere of the Earth, 
which arose after volcanic eruptions, mainly contained hydrogen (H2), methane (CH4), ammonia (NH3), 
and interconnected hydrogen and oxygen atoms (H2O) [3–11]. The atoms that were part of the Earth’s 
primary and secondary atmosphere became the main components of the cells of microorganisms, plants, 
and animals [10]. Figuratively speaking, nature created life from what was.

	 It is now known that all living organisms are 96% composed of hydrogen (1H2), carbon (12C), nitrogen 
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(14N) and oxygen (16O) atoms, which were part of the primary and secondary atmosphere of the Earth in a 
free (H2) state or in a state bound to other atoms (CH4, NH3, H2O ) [11–15]. The rest of the atoms, according 
to modern concepts, including metals and trace elements that can be found in living organisms, make up 
no more than 4%. They appeared, as some researchers suggest, from the bowels of the planet as a result 
of volcanic eruptions [1-8]. The question of how inorganic compounds and organic substances entered 
the composition of living organisms, realizing numerous regulatory mechanisms and systems at various 
structural and functional levels, is the subject of research for the entire set of biomedical disciplines [9-12]. 
Why this became possible, and why nature is the same at all structural and functional levels, remains one 
of the mysteries that physicists, chemists and biologists have been trying to solve over the past centuries 
[8,14,16]. However, these questions, formulated in a different form, have worried almost all natural 
scientists in the world, at least for 2500 years. In this article, analyzing evolutionary aspects of a typical 
pathological process together with the evolution of the energy apparatus and problem of gas transmitters in 
mammals, we will try to give one of the possible answers to the questions posed. 

The evolution of the energy apparatus of cells

	 According to existing ideas, the driving force behind phylogenetic metamorphosis, at least in the 
early stages of development, was the evolution of energy metabolism, regulation and storage of energy 
[17-19]. Energy metabolism in the earliest forms of life appears to have been neither photosynthetic nor 
aerobic. It could be similar to the glycolytic pathway, which is known to be carried out during substrate 
phosphorylation, but without the electron transport characteristic of mitochondria [17-21]. However, 
it should be noted that glycolysis, despite its relative “simplicity”, requires the participation of enzymes, 
therefore, it needs the mechanisms of protein synthesis [20-22]. In this regard, there is every reason to 
believe that, despite the relative simplicity of glycolysis, this energy mechanism cannot be considered 
primitive. The modern system of protein biosynthesis, which is under genetic control, is a very complex 
mechanism. This mechanism does not allow the reconstruction of amino acid and nucleotide polymerization 
systems. 

	 The History of Oxygen on Earth is the History of Life, Disease and Death of Living Organisms. Oxygenic 
phototrophs have played a fundamental role in Earth’s history by enabling the rise of atmospheric oxygen 
(O2) and paving the way for animal evolution [23]. The formation of organisms, as mentioned above, on 
the planet Earth took place 4–5 billion years ago. At the same time, there was no oxygen (O2) on our planet 
for about 2 billion years. Instead of oxygen, nitrates/nitrites and sulfates/sulfites were used as electron 
acceptors. In addition, the microorganisms living in the mines developed a type of respiration, which was 
later called carbamate. This type of respiration is still used by methane-producing microorganisms [26,27]. 
Why were these low molecular weight compounds (NO3

-/NO2
-; SO4

-/SO3) - necessary for living organisms? 

	 First of all, these substances or compounds, which were used by living organisms leading a 
sedentary lifestyle, were necessary to meet energy needs. Thus, for example, nitrite ions were used by 
the electron transport chains (or respiratory chains) of mitochondria as terminal (or terminal) electron 
acceptors [28-38]. Then, when oxygen appeared, the same electron transport chains were adapted for 
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the transfer of electrons to O2 [28]. The realization of this fact led scientists to put forward a hypothesis 
that nitrate-nitrite respiration was a precursor of oxygen respiration, and mitochondria in eukaryotic 
cells appeared as endosymbionts (endosymbiotic hypothesis of the origin of mitochondria) [17,18]. 
Plants and microorganisms that widely use nitrates and nitrites as electron acceptors had a low-energy 
metabolism [31-33]. Animals, fish and birds that had significantly higher metabolisms were able to run, 
swim or fly. However, with this metabolism, they produced life-threatening free oxygen radicals, which, 
after interaction with free nitrogen radicals, led to the formation of nitrogen dioxide (•NO2), peroxynitrites, 
•OH radicals [39,40]. This led to a reduction in life expectancy: life became more interesting, but much 
shorter. In addition, diseases that plants and microorganisms did not know were added at a relatively early 
age. Everything has to be paid for, including life and health. No wonder they say that the history of oxygen 
on Earth is the history of life, disease and death of living organisms.

Cyclic organization of reactive nitrogen specias (RNS) and reactive oxygen specias (ROS)

	 Compounds were formed with the participation of hydrogen, carbon, nitrogen, and oxygen atoms, 
which began to perform an energetic function under the conditions of the existence of unicellular organisms 
[9-12]. The same atoms laid the foundation for Nitric Oxide (NO), superoxide radical anion (•O2

-), carbon 
monoxide (CO), as well as hydrogen sulfide (H2S), sulfur dioxide (SO2) and polysulfides (H2Sn), which began 
to function as intracellular mediators [13-40]. After the emergence of multicellular organisms, compounds 
SO3 to SO3

-: •O2
-/O2, NO3

-/NO2
-, SO4

-/SO3
-, CO2/CO, which were previously formed during respiration, were 

used as electron acceptors, or in intracellular signaling systems, were adapted for intercellular signaling 
[41-48]. 

	 However, these processes and phenomena were unknown in science in the second half of the XX 
century. Before the discovery of these compounds in living organisms, the discovery of their endogenous 
production, these molecules were known as toxic substances. Therefore, we can say with good reason that 
the problem of gaseous intermediaries (gas transmitters) has become a new problem in the 21st century 
[42-52]. It is in recent decades that scientists have come to realize the specific role of gas transmitters 
that perform a signaling function in cells [15-20]. These substances have been assigned to a new class of 
biologically active substances [37-52]. Gas transmitters are small molecules that easily cross biological 
membranes and do not act through special receptors [43-53]. These compounds are synthesized in the 
body using special enzymes and are labile (their half-life is measured in seconds). They do not accumulate 
in cells and subcellular structures, since they cannot be enclosed in vesicles, like neurotransmitters [43-
51]. Sometimes they can be bound by metals of proteins and enzymes, as well as SH-groups that are part 
of amino acids, bio phenols, for example, tyrosine and its derivatives, free or part of proteins, etc. Gas 
transmitters have endocrine, paracrine, autocrine, and autocrine, and intracrine effects [42-52]. 

Cyclic organization of gas transmitters: Cycles of Nitric Oxide and Super Oxide Anion-Radical

	 Back in the 1970s one of the authors of this work (V.P.R) drew attention to cyclic processes involving 
active forms of nitrogen and oxygen. Cyclic changes in the concentration of NO and •O2 in various tissue cells 
and in the whole organism suggested that these active compounds are controlled by NO and •O2

- cycles and 
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are an essential part of the cell regulatory mechanisms of tissues of living organisms that protect cells and 
the body as a whole from the development of oxidative and nitrosative stress. An analysis of the literature 
and the results of our own studies led to the formulation and substantiation of the concepts of the nitric oxide 
cycle and the superoxide anion-radical [54-56]. The results of these studies and their generalizations were 
reported in Stockholm at the Karolinska Institute and included in a paper published in Nature Chemical 
Biology [58]. 

	 A small increase in physiological nitrite concentrations has been found to mediate a number of 
biological responses, including hypoxic vasodilation, cytoprotection after ischemia/reperfusion, and 
regulation of gene and protein expression. Thus, while nitrite was considered biologically inert until 
recently, it is now recognized as a potentially important hypoxic signaling molecule and therapeutic agent. 
Nitrite mediates signaling through its reduction to nitric oxide through reactions with several heme-
containing proteins. It has been established that cytochrome c and cytochrome oxidase (cyt a + a3) can 
play an important role as a nitrite reductase that converts nitrites into NO [29,59,60]. An important role in 
substantiating the concept of nitric oxide and superoxide anion radical cycles was played by numerous open 
nitrite reductase reactions involving the heme-containing proteins of hemoglobin, myoglobin, cytochrome 
oxidase (cyt a + a3), and cytochrome P-450, which, under conditions of hypoxia/ischemia, are capable of 
converting ions NO2

- to NO [29,59-63]. Together with NO synthase reactions, they completed the chain of 
nitrite reductase reactions and led to the substantiation of the concept of the nitric oxide cycle and the 
superoxide anion radical [54-58].

	 An analysis of the mechanisms of nitric oxide and superoxide anion radical cycles made it possible to 
establish a connection between the ideas of R. Virkhow, L.A. Orbeli, G.N. Kryzhanovsky and modern scientific 
doctors [64-68]. L.A. Orbeli said: “We take little into account the fact that all physiological processes are 
carried out cyclically and each process has its own cyclicity.” He often said: “We often ignore the fact that 
all processes are cyclic and each process has its own cycle.” His words echoed the ideas of R. Virchow” It 
is not living in unsuitable conditions that causes disease; on the contrary, the disease begins with a failure 
of the regulatory system. It becomes clear the relationship between the ideas of L.A. Orbeli and R. Virchow 
[64-68]. To do this, it is necessary to take into account the fact that all regulatory systems operate in a 
cyclic mode. G.N. Kryzhanovsky came to independent conclusions: every pathology is «a dysregulatory 
pathology». The mechanisms of NO and O2

- cycles supports the production of reactive oxygen species 
(ROS) and Reactive Nitrogen Species (RNS) within the physiological norm. The analysis made it possible 
to isolate the main mechanisms that underlie a transition from normal physiological processes to common 
pathological changes. 

Scheme of nitric oxide (NO) and superoxide anion radical (•O2
-) cycles

	 The concept of the nitric oxide cycle (Figure 1a) was substantiated 29 years ago [69]. Its substantiation 
became possible due to the detection of nitrite reductase activity of heme-containing proteins in mammals 
[70]. After 20 years, the nitrite reductase activity of hemoglobin in the deoxy-form was confirmed in the 
works of researchers from the United States [71]. Subsequently, this concept has repeatedly found its 
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development and application for various normal and pathological processes [28,37-52,72]. 

	 However, in the simplest form, we substantiated this concept in the mid-70s of the 20th century. 
Thanks to the support of the Academy of Sciences of the USSR and the Russian Academy of Sciences, it 
was possible to carry out a number of biomedical measures in the country, which increased the average 
life expectancy of the population of the USSR by 5-6 years. This achievement was included in the Reports 
of the Department of Physiology of the USSR Academy of Sciences, and the authors received awards – one 
gold medal, one silver medal and three bronze medals (1983). It is described in more detail in the section 
«Results of Practical Application of Concept of NO and •O2

- Cycles and Typical Pathological Process». 

	 The essence of this concept is that NO-
2

- ions formed from L-arginine can again, with the participation 
of nitrite reductase systems, including Hb, Mb, cyt a + a3 and cyt P-450, close the chain: L-arginine → NO → 
NO2

-/NO3
- into a cycle. Oxygen, binding with heme, inhibits the nitrite reductase activity of these proteins 

[70,71]. Thus, at various functional states associated with insufficient oxygen supply to the body, the nitrite 
reductase component of the nitric oxide cycle will be activated (Figure 1a) [28,54-56].

Figure 1: Cycle of nitric oxide (a) and superoxide radical anion (b).

	 In the nitric oxide cycle, one can distinguish the NO-synthase component (“L-arginine - NO”), which 
synthesizes NO in the presence of oxygen, and the nitrite reductase component, the activity of which sharp-
ly increases under conditions of oxygen deficiency (hypoxia/ischemia). The formation of NO with the par-
ticipation of the NO-synthase component is carried out as a result of the oxidation of the guanidine nitro-
gen of L-arginine. NO2

-, ions, formed from L-arginine, can again, with the participation of nitrite reductase 
systems, including Hb, Mb, cyt a + a3 and cyt P-450, close the chain of L-arginine → NO → NO2

-/ NO3
- into a 

cycle. Oxygen, binding to heme, inhibits the nitrite reductase activity of these proteins. During hypoxia and 
functional stress, when heme-containing proteins are converted into deoxy-form, NO2

- ions begin to ac-

Vol 9: Issue 17: 2042
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tively reduce, accepting electrons from these heme-containing proteins. An important role in the reduction 
of NO2

– ions to NO is also played by electron donor systems that reduce Hb, Mb, cyt a + a3, and cyt P-450. In 
addition to these electron transport systems (chains), ascorbic acid and reduced glutathione can play an 
important role in the reduction of NO2

- ions. In the cycle of superoxide radical anion occur: 1 – reduction of 
oxygen (O2) and the formation of superoxide anion radical (•O2

-); 2 and 3 – superoxide dismutation reac-
tions catalyzed by superoxide dismutase; 4 – decomposition of hydrogen peroxide (H2O2) into water (H2O) 
and molecular oxygen (O2), carried out by the enzyme catalase; 5 – hydrogen peroxide (H2O2) 5 – hydrogen 
peroxide – H2O2 – also decomposes to form two molecules of the •OH-radical. The cyclic organization of 
reactive nitrogen (•NO2) and oxygen (•O2

-) species ensures the conversion of these reactive, highly reactive 
compounds into less active substances. When the cycles of nitric oxide and superoxide anion-radical are 
disrupted, even more active molecules of nitrogen dioxide (•NO2) and peroxynitrites appear, again decaying 
into •NO2 and •OH-radicals, which damage the main components of living organisms. 

	 However, such activation can be observed until the depletion of L-arginine occurs [66]. L-arginine is 
included in the Krebs cycle at the level α-ketoglutarate complex and serves as one of the sources of forma-
tion of succinate (or succinic acid). During relatively prolonged hypoxia / ischemia, as is known, succinate 
is actively used as an oxidation substrate for the formation of ATP and membrane potential in mitochon-
dria. 

	 Analysis of the literature data and the results of our own research allowed us to put forward a hy-
pothesis that, in addition to the nitric oxide cycle, there should also be a cycle of superoxide anion radical 
(Figure 1b) [55]. Oscillations in the concentrations of reactive oxygen species in biological systems, ob-
tained by a number of authors, testified in favor of the existence of such a cycle. Since all cyclic processes 
always involve periodic oscillations, one could expect that the previously considered reaction products 
associated with the neutral O2 molecule and its active forms - superoxide, peroxide, as well as enzymes for 
activating molecular oxygen (Fe2+- and Сu2+- containing proteins), superoxide dismutase and catalase can 
be closed in a cycle. The analysis of numerous literature data allowed us to propose a scheme for the cyclic 
organization of reactive oxygen species, which we called the superoxide anion radical cycle (Figure 1b) 
[74].

Scheme of hydrogen sulfur / sulfur dioxide cycle (H2S / SO2)

	 We summarized numerous literature data on gas transmitters (NO, •O2
-, H2S/H2Sn/SO2) and formu-

lated the concept of cyclic transformations Hydrogen Sulfur / Sulfur Dioxide Cycle (Figure 2). The initial 
substrate for the synthesis of all three mediators (H2S/H2Sn/SO2) is sulfur-containing amino acids, pri-
marily L-cysteine. Polysulfides are formed from hydrogen sulfide (H2S), and sulfur dioxide (SO2) is sulfite 
anhydride (sulfurous acid), which is formed during the oxidation of Н2S [47]. The end product of the oxida-
tion (degradation) of Н2S, like the oxidation of sulfur dioxide, is sulfate, which is excreted in the urine. It is 
known that the intestinal microflora synthesizes hydrogen sulfide from sulfate, reducing it. It is character-
istic that an enzyme that oxidizes Н2S in mitochondria in animals, sulfide quinone oxidoreductase, SQR, was 
also found in plants and bacteria [47]. The reduction of sulfate (SO4) to Н2S is possible in mammals with 
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the participation of intestinal microflora. Thus, the cycle of hydrogen sulfide in the whole body of mammals 
exists (Figure 2). Our assumption about the reduction of SO4 to Н2S in mammalian cells is hypothetical. If 
such a reaction occurs, then we can say that the hydrogen sulfide cycle exists not only in the whole organ-
ism of mammals, but also in their cells. The cycles presented above are, from our point of view, a manifes-
tation of the global principle of cyclicity [54-56,72]. At the same time, the geochemical cycles of nitrogen, 
carbon, sulfur and water are known as the natural cycles. Together with the cycles we are analyzing, they 
are a manifestation of the principle of holography, when the cyclic properties of the general are manifested 
in the cyclic properties and regularities of the particular, which lies at other structural and functional levels 
of animate and inanimate nature. 

	 The initial substrate for the synthesis of all S-mediators is sulfur-containing amino acids, primarily 
L-cysteine. Hydrogen sulfide (H2S) is synthesized from L-cysteine (stage 1). Currently, 3 enzymes are known 
that are involved in the synthesis of H2S at this stage: in various mammalian cells: cystathionine- β-synthase 
(CBS), Cystathionine-γ-Lyase (CSE) and 3-mercaptopyruvate sulfurtransferase (3-MST). CBS synthesizes 
H2S primarily in nerve cells. CSE synthesizes H2S in blood vessel smooth muscle cells, and 3-MST synthesiz-
es H2S in endothelial cells. Polysulfides (H2Sn) are formed from hydrogen sulfide (H2S) (stage 2), and sulfur 
dioxide (SO2) is formed by the oxidation of H2S or L-cysteine (stage 6). The synthesis of SO2 from L-cysteine 
occurs under the influence of the enzymes cysteine dioxygenase and aspartate aminotransferase (stage 7). 
Further, as H2S, so SO2 is converted to sulfate (SO4

2- ). An intermediate stage of this transformation for both 
H2S and SO2 is sulfite (SO3

2-). However, H2S is initially oxidized to persulfide (RSSH) or polysulfide (H2Sn) 
(stage 2) under the influence of sulfide quinone oxidoreductase (SQR), which is oxidized by persulfide 
oxygenase (ETEH1) to sulfite (stage 3). Sulfur dioxide (SO2) can be directly hydrogenated to sulfuric acid 
(H2SO3) to form sulfite ions (SO3

2-) (step 8). The latter is oxidized by sulfite oxidase to sulfate (SO4
2-) (stage 

4), which, entering the intestine, is reduced to H2S (stage 5) and excreted in the urine. The end product of 

Figure 2: Cycle of hydrogen sulfide (a) and its SO2- and H2S/H2Sn compounds (b), which can be activa-
ted at various functional states.
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H2S oxidation, as well as sulfur dioxide (SO2) oxidation, is sulfate (SO4

2-), which either enters the intestines 
and is partially excreted from the body, or is excreted with urine. It is known that the intestinal microflora 
reduces SO4

2- with the formation of H2S. It is characteristic that the SQR enzyme, which oxidizes H2S in ani-
mal mitochondria, is also found in plants and bacteria. The reduction of sulfate (SO4) to H2S is possible in 
mammals with the participation of intestinal microflora. Thus, the cycle of hydrogen sulfide in the whole 
body of mammals exists. Our hypothesis on the reduction of SO4

2- to H2S in mammalian cells is hypothetical. 
If such a reaction occurs, then we can say that the H2S cycle exists not only in the whole organism of mam-
mals, but also in their cells.

Typical Pathological Process

	 Any pathological process proceeds on the background of hypoxia / ischemia, inflammatory, immune 
or autoimmune processes. These processes lead to an increase in Reactive Nitrogen Species (RNS) and 
Reactive Oxygen Species (ROS). Our generalizing concept considers of how the pathological process de-
velops. Following the concept, the typical pathological process is based on nonspecific distortion of cyclic 
regulatory processes and arises when RNS and ROS increase simultaneously [74]. Once RNS and ROS con-
centrations are beyond the regulatory capabilities of biochemical antioxidant systems, nitric oxide and 
superoxide anion radical cycles are disrupted. In the context of the concept, damage to cell membranes and 
subcellular structures arises because the above alterations lead to the generation of nitric dioxide (NO2), 
which is a highly reactive compound, is involved in free radical chain reactions, and oxidizes the main bio-
chemical components of living organisms: DNA/RNA (guanines primarily), fatty acids (unsaturated fatty 
acids that are components of phospholipid membranes), and proteins (the SH groups of sulfur-containing 
amino acids and the OH groups of tyrosine residues to produce nitrotyrosine). Our generalizing concept 
agrees well with the ideas that every disease starts with a failure of regulatory mechanisms (R. Virkhov) 
and that dysregulatory pathology forms its basis (G.N. Kryzhanovsky). 

	 Our concept of a typical pathological process as a common denominator of all pathological process-
es occurring against the background of hypoxia/ischemia, activation of inflammatory responses, immune 
and autoimmune processes, and diseases can be extended to many known diseases [74]. Their number 
may be about 10,000 known pathological processes. The fundamental nature of this concept lies in the fact 
that it combined the deep processes associated with respiration and bioenergetics, which are characteristic 
of all living organisms without exception.

Causes and effects of universal principles

	 Over the past decades, we have suggested that the cyclic organization NO and •O2
- in cells and in the 

whole organism may be a consequence of the existence of such a principle, the universality of which is com-
parable to the principle of the atomic structure of matter [54-56,72,74]. This principle extends its influence 
to almost all structural and functional levels in animate and inanimate nature, subordinates the behavior 
of living subjects and inanimate objects, and, sets the rules for the functioning of all regulatory systems 
that contain elements of negative and positive feedback. Moreover, this principle explains the nature of 
positive and negative feedbacks in living organisms and nonliving systems. It also answers the question of 
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why development is carried out in a spiral, and why spirals are one of the main structural elements in DNA, 
proteins, in nerve fibers (myelin sheaths), glial cells (glial wraps in the central nervous system), etc. This 
principle also explains the nature of the cyclical / periodic pattern in the functioning of regulatory systems 
at almost all structural and functional levels in living organisms [72]. In addition, this principle and the 
consequences arising from it are in good agreement with other concepts and theories of scientists. 

	 Thus, studying very specific substances (nitrates / nitrites and nitrogen oxides), we came to the 
cyclic organization of their functioning [56–70], then found the same cyclic organization in the systems of 
other gas transmitters, analyzed the functioning of these compounds in health and development patho-
logical processes [22,72]. These concepts developed both for gas transmitters and for other processes and 
phenomena of animate and inanimate nature, are fundamentally new. At the same time, they are in good 
agreement with practically all other known experimental data and theoretical constructions. Let’s give one 
more example. French mathematician, physicist and philosopher Henri Poincare (1854-1912) created a 
new branch of mathematics – the qualitative theory of differential equations (1881-1882). He showed the 
existence of a huge class of phenomena that obey periodic laws. He also answered the question of how, 
without solving equations, one can obtain important information about the behavior of a family of solu-
tions. “Any generalization to a certain extent presupposes belief in the unity and simplicity of nature. As far 
as unity is concerned, scientists usually do not encounter any difficulties. The question is, how is nature 
one? “How is nature united?” (H. Poincare). 

	 From our point of view, the atomic principle of the structure of matter, as well as the principle of 
cyclicity and the holographic principle proposed and substantiated as a global principle, answer the ques-
tion of A. Poincare: how is nature united? Let us recall that the holographic principle got its name from the 
Greek word holos – all, complete and grapho - I write, I draw. The result is: the optical equivalent of the 
object, the ideas of which were formulated by the Hungarian physicist Denis (Denesh) Gabor (1900–1979) 
in 1948 with the improvement of the electron microscope [56–60]. H. Poincare realized that behind the 
numerous periodic processes that he described and analyzed using a system of differential equations, there 
are global laws. However, he could not know about the existence of the principles of cyclicity and the prin-
ciple of holography.

	 There, after posing the question and formulating the problem, A. Poincare left its solution to future 
generations of researchers. The principle of cyclicity in combination with the holographic principle means 
that cyclic properties (or properties of a spiral in space, and periodicity in time) should be repeated at 
all structural and functional levels. In the same way, like the atomic principle of the structure of matter, it 
should also manifest itself at all structural and functional levels, because these principles are universal or 
global [75-80]. Thus, the above three principles: the atomic principle of the structure of matter, the principle 
of cyclicity and the holographic principle, structure and combine the phenomena of animate and inanimate 
nature. It is these three principles, from our point of view, that make nature one (or unit), including inor-
ganic compounds and organic substances into a single system. The cyclic organization of gas transmitters 
in mammals is one of the manifestations of this unity [81]. At present the ideas of cyclicity, periodicity, and 
holography are increasingly being used in physiology, pathophysiology, and medicine [75-80]. 
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	 To say that this is philosophy and not biochemistry, biophysics, physiology or medicine, from our 
point of view, is inappropriate. Good, deep and concrete science always has a direct connection with the 
philosophy of natural science. In the same way, like the philosophy of natural science, finds its embodiment 
and manifestation in specific sciences. Scientists from different countries have always strived to achieve the 
unity of the philosophy of natural science and specific sciences. Deep concrete science always has a direct 
connection with the philosophy of natural science.

Results of practical application of concept of NO and •O2
-  cycles and typical pathological process

	 These ideas about the protective role of nitric oxide cycles and the cycle of superoxide anion radical 
(in the simplest form) were supported for their further implementation in solving practical problems of 
health care. The fact is that there was a decrease in the average life expectancy for 18 years in the USSR 
(1962-1980) (Figure 3). 

Figure 3: Life expectancy in the USSR/Russia, USA, France, Sweden and Japan (1946–2002).
Source: Human Mortality Database, http://c.avsim.su/i?u=http://www.demoscope.ru/
weekly/2004/0169/img/t_graf01_1.gif. 

	 The reasons for this phenomenon were unknown. Therefore, at the first stage, they tried to 
overcome the decline in average life expectancy in the USSR by increasing the number of doctors, hospitals 
and polyclinics (Table 1). For 69 years in the USSR (1922-1991), the number of doctors in the country 
increased by more than 60 times, from 10.9 thousand in 1921 to 667.3 thousand in 1990. Before the War 
(1939/1941-1945), there were 7.4 doctors per 10000 people, before the collapse of the USSR – 45. In the 
1970s, after the number of doctors in the USSR (1/6 of the land) began to exceed all conceivable limits 
(about 20–25% of world indicators) (Table 1) [82]. 
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Table 1: The number of doctors in the USSR and other countries (generalizing analy-

sis according to data presented on Internet sites) [82].

 
Years

Number of doctors of all specialties

total, thousand people per 10 000 people

USSR

1966

577.7 24.6

Russian SSR 328.3 25.8

Ukrainian SSR 114 24.8

Byelorussian SSR 19.8 22.6

Uzbek SSR 19.5 17.9

Kazakh SSR 23.4 18.9

Georgian SSR 16.4 35.5.

Azerbaijan SSR 11.6 24.1

Lithuanian SSR 7 23.1

Moldavian SSR 6.3 18.5

Latvian SSR 7.5 32.6

Kirghiz SSR 5.3 19.4

Tajik SSR 4.1 15.4

Armenian SSR 6.3 28.1

Turkmen SSR 4.2 21.4

Estonian SSR 4 30.7

England 1963 -79.1 -14.7

India 1961 83.3 1.9

Iran 1964 8.4 3.7

Italy 1961 81.2 16.3

Pakistan 1960 8.7 0.9

United States 1964 360.3 18.6

Turkey 1963 10.1 3.3

Federal Republic of Germany 1965 110.4 19.3

France 1964 75.2 15.4

Japan 1964 139.6 14.3

	 The problem of reducing life expectancy in the USSR continued to worsen, fundamentally new ideas 
were required, the implementation of which was noted as one of the most striking achievements of the In-
stitute of Higher Nervous Activity and Neurophysiology of the USSR Academy of Sciences/RAS. The essence 
of this achievement was that the decrease in the nitrate-nitrite background, the nitrite reductase activity of 
the enzymatic systems of mammals, and with them the concentrations of NO and NO2 in individuals of the 
population in the USSR, led to a halt in the catastrophic decline in the average life expectancy of the popu-
lation of the USSR (Figure 3) [88]. Subsequently, this marked the beginning of the growth of this indicator 
in the period 1980–1990 for 3–5 years in different regions of the country. After solving this problem, it 
became clear that the decision of leader of the country USSR and General Secretary of the CPSU – Nikita S. 
Khrushchev (1894-1971) in May 1957 to increase the yield of agricultural crops – a fodder base for small 
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animals, cattle and poultry-in order to catch up and overtake the United States in the production of meat, 
butter and milk through chemicalization of agriculture (nitrogen fertilizers), became the main reason for 
the decrease in the average life expectancy in the USSR. This, in the form of increased chemical load of ni-
trates and nitrites in water and food, as well as nitrogen oxides in the air, affected health, life expectancy 
and demographics for at least 18 years (with a latency period of 5 years). 

	 Starting from 1985, this problem began to be actively solved at the Research Institute of Carcinogen-
esis of the USSR Academy of Medical Sciences/RAMS, Oncological Research Center of the USSR Academy of 
Medical Sciences/RAMS (now N.N. Blokhin National Medical Research Center of Oncology of the Ministry 
of Health of Russia), and 6 years later (1989–1992) – at the Institute of Nutrition of the USSR Academy of 
Medical Sciences/Russian Academy of Sciences and other institutes of the Russian Academy of Sciences 
and Russian Academy of Medical Sciences [95].

	 Ultimately, the ideas expressed and the mechanisms discovered by one of the co-authors (V.P.R.) of 
the article contributed to the fact that in the difficult years of Perestroika, low oil prices, and empty shelves 
in the shops of the USSR, the population increased by 24.1 million people over 10 years (1980–1990) (from 
264.5 million people in 1980 to 288.6 million people in 1990). By the beginning of 1991, the population 
(according to the current estimate) had increased to 289.2 million people– it was the highest population 
growth over the past 100 years (1922-2022), and the implementation of this project turned out to be the 
cheapest project in all the years of the existence of the Academy of Sciences of the USSR/RAS (payment of 
a scholarship to one graduate student – V.P. Reutov).

Conclusion

	 The questions of what life is, what is its essence, and what mechanisms and principles underlie 
living activity of organisms still lack exhaustive answers and definitions that would satisfy all scientists. 
The only approach today is to list the features that distinguish living systems from inanimate matter. The 
features are numerous and vary from reproduction to learning. Which one is most important among them? 
There is still no decisive answer to the question.

	 Any pathological process proceeds on the background of hypoxia / ischemia, inflammatory, immune 
or autoimmune processes. These processes lead to an increase in active forms of nitrogen (•NO/•NO2) and 
oxygen (O2

-/•OH). The article analyzes the relationship between the violation of cyclic regulatory mecha-
nisms and the formation of active forms of nitrogen and oxygen that can interact with each other to form 
even more reactive compounds that can participate in the oxidation and damage of the main components 
of cellular structures – proteins, nucleic acids and unsaturated fatty acids.

	 For several centuries, scientists and doctors have tried to identify specific changes in cells, subcel-
lular structures and membranes in each pathological process and disease. However, it turned out that in 
many pathological processes, first of all, universal nonspecific changes in cells, plasma membranes and 
membranes of subcellular structures are observed. This made it possible to speak about the existence of 
typical nonspecific disorders of various cellular and subcellular structures. The concept we are developing 
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about the cyclical organization of gas transmitters (NO, O2

-, H2S/SO2) in the norm and its violation during 
the development of pathological processes makes it possible to understand the mechanisms of develop-
ment of a typical pathological process, which is the common denominator of almost all pathological pro-
cesses. 

	 For at least half a century, almost all scientists, including physicists, chemists and biologists working 
in the field of free radical processes in biology and medicine, have been trying to solve the riddle: how liv-
ing systems provide regulation and stabilization of reactive oxygen, nitrogen, and also other free radicals. 
Our proposed concept for the cyclic organization of gas transmitters (NO, O2

- and H2S/SO2) may be one of 
the answers to the question posed more than half a century ago. According to the developed concepts, the 
above principles make it possible to answer the question: how nature is unified, and how living organisms 
ensure the regulation and stabilization of nitric oxide (NO), superoxide anion-radical (•O2

-) and hydrogen 
sulfide/sulfur dioxide (H2S/SO2), involved in intra- and intercellular signaling in mammals.

	 It can be expected that the awareness of the connection between the ideas of R. Virchow (1821-
1902), L.A. Orbeli (1882-1958), G.N. Kryzhanovsky (1922-2013) and our ideas about the trinity of the 
principles of cyclicity, the holographic principle and the principle of the atomic structure of matter allow to 
answer the question of A. Poincaré: how does nature maintain unity? These ideas and ideas about NO and 
•O2

- cycles form the basis for understanding elementary biochemical reactions, the violation of which leads 
to the development of a typical pathological process, which, from our point of view, can be considered as 
a common denominator of all pathological processes occurring on the background of hypoxia / ischemia, 
inflammation, activation of immune and autoimmune processes. 
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