ﬁa BILINGUAL i
{‘WWT_T PUBLISHIN(EFQ._ O 1 :

June - 2019

Volume 1 Issue 1 |

iy

Journal of

Human Physiology

Volume 1 Issue 1 - June 2019 - ISSN 2661-3859

W
Ml A, IS0y

s

2661-3859

“ 01
9"772661%38519 ‘
Price: $§30.00

B Ao T R LT



m BILINGUAL
“{.W—H-W PUBLISHING CO.
{l])).

Editor-in-Chief
Dr. Sanjay Kumar
Western Sydney University, Australia

Editorial Board Members

Allaye Hamadoun Garango, Mali
Riju Agarwal, India
Fa Wang, United States
Fabrizia d’ Apuzzo, Italy
Salvatore Siracusano, Italy
Salyan Bhattarai, Canada
Marlies Cortes, Spain
Reza Nemati, New Zealand
Mostafa Zamani, Iran
Elham Harati, Iran
Snezana Pantovic, Montenegro
Sofia M. Calado, Portugal
Manas Bajpai, India
Aida Adlimoghaddam, Canada
Richard Kyung, United States
Venkata Ramana Machha, United States
Alastair Forbes, United Kingdom
Arvind Sharma, United States
Casandra Isabel Montoro Aguilar, Spain
Satish Chandrasekhar Nair, United States
Khali Elsaye Shreef, Egypt
Chengyue Jin, United States
Xuejian Wang, China
Jingbo Dai, United States
Dariush Gholami, Iran
Rafik D. Grygoryan, Ukraine
Seyed Alireza Mousavi Shirazi, Iran
Ali Dadras, Iran
Junjie Yang, United States
Anton R Kiselev, Russian Federation
Falak Zeb, China
Morgan Durrette Salmon, United States
Hessam H. Kashani, Canada
Kozaburo Hayashi, Japan
Ronald Allan Magtibay Panganiban, United States
Himanshu Narayan Singh, France
Animesh Chowdhury, Israel
Mukerrem Hale Tasyurek, Turkey
Jennifer Leslie, United States
Toar Jean Maurice Lalisang, Indonesia



Volume 1 Issue 1 * June 2019 ¢ ISSN 2661-3859 (Online)

Journal of
Human Physiology

Editor-in-Chief
Dr. Sanjay Kumar

{m BILINGUAL

‘-W PUBLISHING CO.
(il



/m BILINGUAL Volume 1 | Issue 1 | June 2019 | Page 1-35
———— PUBLISHING CO. :
N7 Journal of Human Physiology

Contents

Editorial

1 A Foreword from the Editor-in-Chief

Sanjay Kumar

Article

2 The Optimal Coexistence of Cells: How Could Human Cells Create The Integrative Physiology
Grygoryan R.D
23 Low-intensive Microwave Signals in Biology and Medicine

Oleksiy Yanenko

Copyright

Journal of Human Physiology is licensed under a Creative Commons-Non-Commercial 4.0 International Copyright (CC
BY- NC4.0). Readers shall have the right to copy and distribute articles in this journal in any form in any medium, and
may also modify, convert or create on the basis of articles. In sharing and using articles in this journal, the user must
indicate the author and source, and mark the changes made in articles. Copyright © BILINGUAL PUBLISHING CO. All
Rights Reserved.



Journal of Human Physiology | Volume 01 | Issue 01 | June 2019

BILINGUAL
PUBLISHING CO.

([

EDITORIAL

Journal of Human Physiology

https://ojs.bilpublishing.com/index.php/jhp

Jourral af
Humas Fhysiolegy

A Foreword from the Editor-in-Chief

Sanjay Kumar
Mayo Clinic, Rochester, Minnesota, United States

ARTICLE INFO

Article history

Received: 30 October 2019
Accepted: 30 October 2019
Published Online: 15 November 2019

Dear Colleague,

I am pleased to present the inaugural issue of “Journal
of Human Physiology”: a peer-reviewed, open access ac-
ademic journal of an innovative kind, which addresses the
broad scope for outstanding achievements of the world's
leading academic and practicing professionals in the field
of human physiology. In connection with this, Journal will
broadly focus on physiology, with particular emphasis on
man with many aspects such as fertility, heredity, ageing
and aging process, metabolism and mechanism involves
in pathophysiology and environment and the adaptations.
The Journal is dedicated to publish quality of article fo-
cused on innovative ideas, methodologies, and latest de-
velopments in the field of physiology, biology and disease
in human.

Journal of Human Physiology emphasizes the impor-
tance of the worldwide collaboration and various interdis-
ciplinary researches towards the welfare of human being.
The journal will cover the topics include clinical and basic
sciences relevant to the diagnostics, novel mechanisms
for pathophysiology, genomics, metabolomics, transcrip-
tomics, bioinformatics, microbiome, epidemiology, stem
cell research and other novel findings in benefit to human.

*Corresponding Author:

Sanjay Kumar,

Mayo Clinic, Rochester, Minnesota, United States;
Email: Sanjay.syadavbiotech@gmail.com
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The journal accepts different kinds of manuscripts such
as case reports, case series, new technology reports, short
communications, original research articles, review arti-
cles, editorials, and letters to editor to provide latest and
cutting age research to scientific community.

This is indeed an exciting moment for all of us. We
promise that journal will go through rapid publication
of manuscripts after rigorous peer review by eminent re-
viewers in their expertise, which will be accessible free of
charge to the scientific community worldwide, and will fa-
cilitate widespread dissemination and impact on the field.

As an Editor-in-Chief of this promising journal, I
would like to thank all the authors for their excellent and
remarkable contributions to the journal. Each issue will
offers useful reports and articles to the clinical practitioner
and basic researchers. We encourage both clinician and
basic science research professionals to submit their man-
uscripts based on novel approach in the all disciplines of
life sciences. We look forward to receive quality of man-
uscripts, which will provide current development in the
cutting edge research for readers.
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1. Introduction

he article is an essay providing a non-standard
systems analysis thus, requiring an extraordinary
introduction. The term “adaptation”, pivotal in the
essay, is used in the sense, concerning the phenomena that
throughout life cover an organism’s reversible re-tunings
in response to internal/external physicochemical and infor-
mation alterations. The phenomena exceed events usually

being under terms of acclimation and acclimatization ' .

*Corresponding Author:
Grygoryan R.D.,

A general view of human physiology is proposed. Each of 220 cell types
must provide its intimate functions despite occasional or chronic obstacles
created by other cells. The physiological mechanisms are independently
emerged and evolutionarily saved due to their ability to provide opti-
mal-like coexistence of cells on a background of destructive challenges of
external/internal environments. In certain limits, both cells and organs are
adaptive. The cell has accumulated both passive adaptation mechanisms
mainly parallel working in the biochemistry, and active physiological
mechanisms fighting for the optimal cell metabolism. Its rate depends on
the cell type and current phase into the cell cycle. The adaptive properties
of organs and their functional systems have resulted from the cells’ adaptiv-
ity. The impaired cells (under energy lack and/or contaminated cytoplasm)
produce adaptation factors acting both in the cell and at multiple organ-
ism-scales. Multicellular mechanisms, enhancing the cell fight for energy
balance, creating the due cytoplasm for optimizing metabolism, force the
most physiological characteristics, including the mean arterial pressure to
fluctuate or shift. The view is a basis for re-thinking the concept of the so-
called physiological norm and fundamental mechanisms of age-associated
pathologies, in particular, hypertension.

Currently, the physiology in general and the human
physiology in part are almost exclusively empirical scienc-
es. But the empiricism, well provided researchers during
studying of isolated organs or their limited systems, meet
serious problems when it is necessary to understand how
the entire organism is functioning in unstable environ-
ments. The data basis accumulated by means of empirical
study of human adaptation to the altered environmental
conditions (atmosphere fronts’ passing, high altitude, low
or increased temperatures, weightlessness, physical exer-

Department of “Human systems modeling”, Cybernetics Center; Institute of software systems of National Academy of Sciences,

03083, 53, Admiral Ushakov str., Kiev, Ukraine;
Email: rgrygoryan@gmail.com
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cises, others) is rather a set of fragmentary observations
than internally connected causal-consequential regulari-
ties.

Figures 1-3 below represent two typical examples of a
healthy human person’s adaptive physiological responses
to alterations of the external environment. In figurel de-
picted temporal changes occurring during acclimatization
to the higher altitude ",

Generally, physiological responses to the elevated alti-
tude, illustrated in figure 1 and figure 2, are in accordance
with the current presentations that the hypoxia is the main
disturber here. However, other factors accompanying
mountains’ climbing (namely, temperature and atmo-
spheric pressure decreasing, radiation increasing) are also
disturbing the stable physiological mechanisms. Stylized
rapid responses of two virtual physiological variables to
linear changes of atmospheric pressure are depicted in fig-

Days Weeks Months to Years
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] [ 1 pressure
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Figure 1. Typical temporal changes occurring during
acclimatization to the higher altitude "’

Principally, the character of adaptive responses is con-
firmed in many investigations (in particular ).

Certainly, the high altitude affects not exclusively the
respiratory system, but also others. According to !, av-
erage cardiovascular and autonomic changes in healthy
subjects during the first 10 days of acute high altitude ex-
posure look like shown in figure 2.

As figure 2 shows, the hypoxia stimulation of the car-
diovascular system (CVS) reaches its maximum effect
during the first few days of high-altitude exposure. Then,
on a background of the elevated sympathetic activity,
heart rate, cerebral blood flow, and cardiac output are
slowly returning to their approximately initial values.
Stroke volume, decreasing in parallel with increasing of
heart rate, is still significantly lesser than its initial value
was. Mean arterial pressure (MAP), and pulmonary arteri-
al pressure are still elevated.

— Sympathetic acfiviey

— Pulmanay artery presaire
Maan syssenic blood prssuie

— Haaat satn

— Cortial bl flow

— Cardlac output

Changes from low attfuds (%]

Strorke wikime

Darys at altmude:

Figure 2. Average cardiovascular and autonomic changes
in healthy subjects during the first 10 days of acute high
altitude exposure between 3800 m and 4559 m. ¥
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Figure 3. Typical phases (divided by vertical dotted lines)
of human two virtual physiological variables’ responses to
gradual changes of atmospheric pressure

Under initial stable pressure, physiological parameters
(green and red lines) are also stable. The second phase be-
gins just after the atmospheric pressure is linearly decreas-
ing: both variables, starting to alter (though in this situa-
tion in opposite directions) display a complex dynamics.

Already these examples demonstrate that the human
organism is entirely adapting to the new environmental
conditions. To imagine how deep may be external envi-
ronmental influences, useful is to look at figure 4.

Deep effects of atmosphernic pressure’s alterations

Human body

Liquids

Figure 4. A scheme illustrating deep physical effects of
atmospheric pressure (AP) alterations on human body

Initially, under stable AP, stable pressures in different
body structures and cavities determine balances of water
and ions in liquid environments including cytoplasm.
Mechanoreceptors of CVS are reacting only to violations
of blood pressures. Under alterations of AP, they affect
both CVS’ mechanoreceptors and gas concentrations in
lungs and their ventilation. In addition, due to pressure
transfer through tissues, initial balances become violated

DOI: https://doi.org/10.30564/jhp.v1il.1386 3
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in liquids of intercellular and intracellular environments.
This causes ions imbalance too. To create a new balance
on all structural levels, the cell must expend energy. This
is a basis for assuming that under general energy lack, the
organism’s vulnerability to the passing of atmospheric
fronts may increase.

Relationships between AP and human body are much
complex than it is commonly assumed. The external pres-
sure passes through our tissues almost without attenua-
tion. AP takes part in formation of both transmural blood
pressures and driving forces for trans-membrane passing
of water and ions. Finally, internal balances at every orga-
nization level determine the activity of a lot of physiolog-
ical mechanisms. Thus, every alteration of AP physically
affects these structures and creates imbalances. To coun-
teract them and create new biological balances into organ-
ism’s structures (cells, intercellular liquid environment,
cavities), cells are forced to activate their pumps working
with ATP expenditures. So, during passing of atmospheric
fronts, the organism has to activate energy production.
Perhaps, this is why the aged persons (likely, having mito-
chondrial problems) are vulnerable to rapid and essential
alterations of AP. None empirical investigation is capable
to cover all aspects of this, seeming to be simple, prob-
lem. Only mathematical models and computer simulations
allow assess the possible investments of each mechanism
in providing of our tolerance to AP’s alterations .

One more picture, shown in figure5, is to demonstrate
that our organism, at cells-scale, at tissues and organs
scale well-adapted to the earth living environment, is
forced to response to alterations of practically every phys-
ical-chemical parameters of the environment.

Acceleration

i ——

ABDCMEN

Figure 5. Gravity-associated biomechanical shifts of ab-
dominal organs’ location in the body and their likely role
in astronaut’s acute adaptation to microgravity conditions

The pleural pressure is one of modulators of the ve-
nous return to heart. The descending aorta, the lower vena
cava, as well as the esophagus are breaking through the
diaphragm. As the abdominal organs have certain weight,

4 Distributed under creative commons license 4.0

normally, they influence on diaphragm position. It is
shifting both under postural changes and under positive
(+Gz), negative (-Gz) accelerations, as well us just after
the spaceship’s engine stops to work and the astronaut is
appearing into the microgravity environment. Computer
simulations on the model of a three-dimensional cardio-
vascular system has shown that the slight elevation of the
pleular pressure is the most likely mechanism impeding
venous return from the cranial basin ',

For a long time, the space physiology and medicine
used a paradigm stating that under weightlessness, in
CVS some additional forces are appearing: they cause
cranial shift of blood volumes thus initiating headache
and other negative effects . Although the earth-based
physical models of circulatory effects of the weightless-
ness (mainly, the anti-orthostatic position of 6-12° ) have
provided this hypothesis, later direct measures during real
space flight have not confirmed the assumption that the
central venous pressure is elevated relatively to its pre-
flight level 7. Special computer simulations provided by
means of a three-dimensional CVS’s model have clarified
this contradiction . Indeed, additional driving forces in
hemodynamics have not been found. It was shown that
the weightlessness creates new balance of the mechanical
forces, acting on the diaphragm from the abdominal and
thoracic cavities. Namely, the diaphragm is shifting into
the thorax thus slightly increasing the pleular pressure.
As the latter is a modulator of the venous return, the flow
from the cranial basin is complicated. The asymmetry
is because the vasculature of lower body normally has a
more musculature and is better provided by sympathetic
nerves. This is a result of human organism long adaptation
to the upright position against earth gravity.

Although there is a big amount of publications, con-
cerning different aspects of human adaptation to the
altered environments, let me limit the citings, and do sev-
eral interim conclusions, that will clarify my approach to
problems concerned.

(1) Evolution has accumulated multiple mechanisms
adapting the human organism to environmental challeng-
es. None empirical approach is able to measure the entire
spectrum of biological adaptive re-buildings: behind
every empirical result many uncontrolled and unknown
responses are still. Adaptive mechanisms, genetically pre-
determined but continuously being re-tuned throughout
ontogenesis, are reversible. Principles of the retuning are
described in .

(2) As the reversible adaptation is individual, its reg-
ularities hardly can be revealed on a basis of the existing
empirical data: in fact, they are representing a statistically
processed description of the mean results. This is why

DOI: https://doi.org/10.30564/jhp.v1il.1386
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physicians working in traditional or sports medicine are
not capable to create optimal cure or training trajectories.

(3) Individual physiological adaptation to the altered
external/internal conditions is a transitory process from
the initial quasi-stable situation (at cells-level, assimila-
tion-dissimilation rates are almost equal) to a new one. In
a parametric dimension, this transition suggests that there
have to be adaptation driving forces (ADF), that appear
and act until the new quasi-stable physiology is achieved.
The empirical adaptation biology is focused on the de-
scription of observable life variables and nothing knows
about ADF. One of the main purposes of the theoretical
analysis provided in the article is to clarify the nature of
ADF, causes for their appearing/disappearing. These un-
certainties, complicating the control of adaptation trajec-
tories, that namely, could allow optimizing the training al-
gorithms in sports medicine and the cure of human certain
pathologies that are slowly developing for many years.

(4) Certain facts and previous research ""*" point
that the necessity to balance the mean energy production
rate in each cell, from the one side, with its mean energy
consumption rate, from the other side, is one of the most
critical criterions for both the cell’s and an organism’s
well-being.

(5) The traditional physiology is aimed at analysis.
There is a need to supplement traditional empiricism with
a theoretical synthesis also based on reasonable initial
heuristics (hypotheses), as it has long been done in phys-
ics. As a physiologist-theorist, for many years I am using
mathematical modeling and computer simulations illus-
trated that behind the things, physiologists have had seen
in their experiments and published, often exist deeper and
simply working mechanisms that can be comprehended
only due to the synthesis.

Taking into account these considerations, the purpose
of the article is to propose an internally consistent synthet-
ic theory to explain the most general laws of human phys-
iology that is a way for ensuring the optimal coexistence
of our specialized cells.

2. Facts and Heuristics to be Used in the Syn-
thesis

The traditional physiology was developed in the opposite
direction to organisms’ natural evolution. Since Harvey
used experiments on ships’ hearts and calculations for
proving the concept of bloods’ circulation, researchers use
animals as a model to understand the human organism.
Due to reductions, the main roles of every organ in the
functioning of the entire organism are established. But
somewhat strange situation came to be spread: even now-
adays, most physiologists think that the human integrative

Distributed under creative commons license 4.0

physiology (HIP) entirely concerns the interactions of
organs for providing behaviors. This simplified view does
not take into account that physiological mechanisms of
life support are operating continuously. As even under rest
conditions the organism provides its functional integrity,
HIP mandatorily includes all intercellular interactions.
Unfortunately, this aspect of HIP is studied very superfi-
cially. Even the molecular-biological approaches, since
the 80-s of XX Century penetrated into the physiological
researches, did not change their character: in fact, both the
genetic and the molecular data mainly serve the current
physiology as useful appendages.

The matter is that the unicellular organisms (UO) were
the elements that have had been aggregated into the one
multicellular organism (MO). At this historical moment, the
hypothetic ancestor UO has long been evolved in unstable
environments. It is highly likely to assume this UO should
have been armed with specific mechanisms adequately cop-
ing with the environmentally caused intracellular destruc-
tions. Also likely is the next assumption: cells, successfully
being aggregated into the first MO, had not lost most of
these adaptive properties of their ancestors. The question
is whether these mechanisms themselves were capable to
cope with the novel challenges that occurred in MO?

Let me skip the problems arisen in plant and fungi
organisms and focus the question: what new threats for
the existence of cells in the animal organism have aris-
en? Currently, all we know in this aspect is provided by
comparative and evolutionary biologists. In fact, they are
carefully fixing differences observed in the general anat-
omy and anatomy of organs of species. Unfortunately,
the smallest structures-cells have been compared very
roughly. As to the roles of genetic and molecular differ-
ences in the organization of physiological nuances at or-
ganism-scales, there is practically none investigation. This
fact, though complicating our comprehending the cells’
coexistence, requires additional logic efforts.

Useful is to underline that the circadian and season
rhythmic environmental challenges were the main exter-
nal violators of UO, thus, the most part of its adaptive
mechanisms likely have the same rhythms. What addition-
al violations of the cell life the animal organism origins?

First of all, the animal organism cells are taking nutrients
in the same internal source — arterial blood. If the amount
of nutrients there is less than the summary needs of all cells
is then they cannot provide the required rate of their metab-
olism. So, the competition for the nutrients (or their several
representatives) is a problem that first had to be solved
during the evolution of animals. The second problem that
has to be solved by animals during their evolution was the
problem of how to support the biophysical and biochemical

DOI: https://doi.org/10.30564/jhp.v1il.1386 5
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parameters of cytoplasm in a narrow corridor for ensuring
the optimal-like rate of the cell metabolism?

Animals to solve these two but not the exclusive funda-
mental problems have been needed adequate physiological
mechanisms. In fact, they have to create: (1) at least two
canalization systems (one for providing incomes flow, an-
other — for the in-time removing of metabolic trashes); (2)
organs for filling the first canalization system by nutrients;
(3) organs, for collecting and removing trashes produced
by all cells. Let us call these mechanisms effector-mecha-
nisms (EM).

Assuming EM appeared thanks to mutations and chro-
mosomal aberrations throughout zigzags of evolution,
one can conclude that EM could provide optimal-like cell
metabolism only in case if certain additional mechanisms
are coordinating the activities of these EM. So, we came
to the most important for the current HIP question: what
mechanisms coordinate the activities of organs and sys-
tems materially supporting the optimal-like metabolism of
human cells?

The most spread answer to this question sounds like:

the homeostatic mechanisms are the supporters. But this
answer is correct only in part. In every real organism, ho-
meostatic mechanisms are in non-trivial relationships with
mechanisms of reversible adaptation """,
Since Cannon has formulated the homeostasis concept
, a huge number of researchers tried to establish specif-
ic mechanisms providing the homeostasis at organism’s
different organization levels. Body fluid homeostasis is
directed at achieving stability of the two major functions
of body fluids: maintenance of body osmolality within
narrow limits, and maintenance of extracellular fluid and
blood volume at adequate levels. Osmotic homeostasis
prevents large osmotic shifts of water into and out of cells,
which would interfere with normal cell function. Howev-
er, on the background of real homeostatic mechanisms,
many mechanisms that are not homeostatic at all also have
been considered to them %,

Here important is to stress that regulators balancing
energy in a cell are principally different of those known as
classical homeostatic regulator (see figure 6).

[21]
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Figure 6. A simplified presentation of the homeostatic
system (left) and regulators balancing energy in a cell

(right)
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The homeostatic regulator activates negative feedback
mechanisms to minimize the difference of the constant
(defined by the set-point organ) from the current value
of the input variable. The cell energy balancer, active for
every value of Vs and Vc, uses enhancer mechanisms for
leveling the current value of Vs with the current value of
Ve.

In fact, the homeostasis is a self-regulating process
that returns critical systems of the body to activities de-
termined by a set-point. In contrast, energy balancers try
to level energy synthesis with energy consumption for its
entire range of alterations. Note, the special energy state
called energy deficiency (ED) does appear only in cases
if within some time interval of T the number of ATP mol-
ecules in a cell is less than a critical level of E, is. E_,
characterizing the number of ATP molecules and allowing
the cell to provide its immanent functions, is specific for
each cell but depends on phases of the cell cycle. Formal-

ly, both the current energy status E(¢) and ED can be
calculated using the following equation:

E()=E(t-1)+ j V()= V.()dt

-7

Although the homeostasis concept explains why cer-
tain life characteristics stay practically stable despite their
violating, the most problem is that the brain structures
responsible for the set-point, in most cases are not found
yet.

Spaceflights have had compelled physiologists and
physicians to re-think the reversible adaptation phenome-
na. In the introduction, it was accentuated only one aspect
of the human cardiovascular acute response to the micro-
gravity conditions. The adaptive changes are much wider
and deeper. Already in a few days of the flight, due to
increased diuresis, the total blood volume is decreasing of
about 10% ™. This alteration is caused by the activation
of both carotid sinus baroreceptors and volume receptors
in the brain. But in parallel with the increase of space
flight duration, the adaptivity displayed an involvement of
additional mechanisms. Namely, the smooth muscles of
the vasculature in body lower areas becoming thinner, the
legs musculature loses in mas . Moreover, space flights
of several moths duration also led to Ca loses in bones
of legs and in other parts of the skeleton . All these
changes are reversible: after several days, weeks, and
months of the spacemen’s returning to the earth, the or-
ganism is recovering. This prompted researchers to think
that our skeleton, CVS, neural-hormonal systems, and the
organism entirely are a product of human beings’ long
evolutionary adaptation to the earth’s gravity. Using this
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conclusion based on a set of facts, one can do a more gen-
eral conclusion: our body is an adaptive living object built
of multiple adaptive mechanisms that likely are reversible
and cover every cell, multicellular tissues, and organs, as
well as functional systems.

Recent investigations in other sectors of biology — ge-
netics, and epigenetics **** —, formed additional infor-
mation concerning the reversible adaptation mechanisms.
The more and more publications are convincing that the
food assortment, physical, emotional loads, and even the
meditation are capable of changing the biochemistry by a
way which does not change the genotype but through the
switching-on or -of specific groups of genes cardinally
varies the physiology. Even there are researches proving
the inheritance of epigenetically acquired properties in
two generations *”),

It was commonly assumed that there are two mecha-
nisms for providing these adaptations — functional, and
structural. However, already the early morphological data
have shown that the adaptation to a physical load, high
altitude conditions, and arid zones always has its struc-
tural indicators both at the cell-level and at tissue-levels
B9 Further deepening in this problem revealed that the
so-called functional adaptation also is based on the reor-
ganization of previously achieved structures of tissues and
organs ", Namely, this fact is depicted in figure7.

Itwas

long been
known |

Recent theoretical findings

>

Adaptation

is only
structural

Figure 7. Basic statements of the individual adaptation
that explain the so-called functional adaptation, as well as
the self-tuning of organs and the entire organism to altered

living conditions
The four statements, depicted in each box in figure 7,
sound louder if one imagines specific mechanisms gov-
erning of multicellular structures’ natural dynamics.

2.1 The Elementary Structural-functional Unit

Most biologists are sure that in MO, the cell is the ele-
mentary structural-functional unit. But it is not correct
assumption capable of origin wrong interpretations of ob-
servations and experiments. Though cells are the smallest
structural units of MO, none specialized cell exists in a
single exemplar. Every specialized cell is a constructive

Distributed under creative commons license 4.0

element of the specialized cells population (SCP). Name-
ly, SCP is the lowest functional unit. Most organs include
certain types of SCP. The organs’ functionality and dy-
namic characteristics depend on both spatial organizations
of its SCP-s and specific internal statistical characteristics,
representing the distribution of internal ultra-structural
differences. The matter is that within the one and the same
SCP, cells, being consequential generated by cells of pre-
vious generations, rarely are absolutely clones. Their cer-
tain parameters (for example, threshold level, saturation
level, rest potential) are slightly different. Two main fac-
tors determine these internal heterogeneities. One follows
from the temporal non-stability of blood inflows during
cell division and further growing, another - from the cell’s
spatial localization: the vascular net usually is not an ideal
three-dimensional symmetric structure thus several cells
are better provided by nutrients than others.

Additional three rules, indicated in right boxes in fig-
ure7, had been formulated by taking into account these
internal ultra-structural heterogeneities in SCP ",

Namely, due to such kind of internal heterogeneities,
the heart demonstrates its characteristic dynamics during
both systole and diastole. Would all cells of the myocardi-
um of the heart chamber absolutely identical, the heart is
to react to impulses of the sinus node step-wise! We have
used this knowledge for creating a mathematical model,
providing natural-like pulsatile human hemodynamics .
By the way, internal heterogeneities are the cause of or-
gans displaying non-linear input-output relationships.

These facts and logical considerations above are the
necessary but not yet the sufficient conditions to do the
first step toward constructing of a virtual MO, providing
cells optimal coexistence. As every biological mechanism
is working against the second law of the thermodynamics,
the pivotal question is: how the energy supply is orga-
nized? Although this problem has long been in a focus
of biological investigations, currently, the most data con-
cerns specific aspects that are covering only the homeo-
static regulation of food intakes (energy inflow) and ener-
gy expenditures (energy outflow). However, the energy
problem in human organism has an additional aspect till
recently even not posed.

2.2 Specific Role of Energy

Life is a way for decreasing the entropy in a local space
using the energy of the outer space. Therefore, life is pos-
sible until energy is present. Already our ancestor aerobic
UO-s, being a modification of anaerobic UO-s that created
energy macroerges (ATP molecules) by using cytoplasm
glycolysis, have had been armed with an additional mech-
anism synthesizing ATP by means of pyruvate oxygen-

DOI: https://doi.org/10.30564/jhp.v1il.1386 7



Journal of Human Physiology | Volume 01 | Issue 01 | June 2019

ation in mitochondria. The second mechanism is almost
17-times more powerful than the first one. However, this
achievement created an additional problem: oxygen con-
centrations in the cytoplasm (consequently, in mitochon-
dria) must be proportional to pyruvate’s concentration. As
the pyruvate is one of the products of anaerobic glycoly-
sis, the cell is empowered enough only for those situations
when oxygen and carbohydrates’ incomes are duly associ-
ated. This is why most aerobic UOs in nature is displaying
unstable metabolism depending on the incomes.

2.3 Cell Energy Balance Versus Cell Energy Ho-
meostasis

Most researchers use the term cell energy homeostasis to
distinguish physiological events at organism scale %%,
But the term homeostasis was coined to characterize the
approximate stability of certain physiological variables
U Above was marked that every cell can produce ATP on
different stabile rates. It also can consume ATP on differ-
ent stabile rates if the cell is capable to synthesize ATP at
these rates. So, it is much correct to use the term cell en-
ergy balance instead of the term cell energy homeostasis.
This clarification does indicate that there should be special
mechanisms that realize the floating of the ATP production
rate.

figure8 illustrates problems concerned with a cell ener-
gy balance (CEB).

Ve Vs

Vs T TTTTToTTToToToe

Time

Figure 8. In a cell, stochastic variations of ATP produc-
tion (V) and consumption (V) rates, each depending on
multiple variables, lead to energy deficiency if V. > Vg

The right-side picture schematically illustrates the fact
that every cell may have many stable levels of V5. Each
such level is to serve current but stabile cellular needs in
ATP. The bold line is to stress that under rest conditions,
the cell provides such some level of Vg that supports all
biological works. But under suppressed modes Vg may be
lower, as well as under cell’s activation, proportionally
to the activity Vgmay be elevated up to a maximal level,
determined by current value of §,. the left-side picture
illustrates that both Vg and the energy consumption rate V.
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are variables.

In figure8, the left-side picture illustrates that both V
and the energy consumption rate V. are variables: V(x,(t)
X5(8), ... %,(1); V(v ()y(1),....y.(t)). Situations of V. < Vg
or V. > Vs are possible. Special energy mode appearing
when V. > V is termed as hypoergia. Pay attention - both
V¢ and V. can have a lot of values. However, only the
long lasting situation of Vy(x;(1)x,(2),...,.x,,(t)) = V(y,(1)
Vs(),...,y,(t)) provides the cell by due number of ATP
molecules. The big question is how this exclusive energy
mode can be provided for trillions of human cells each
having almost stochastic dynamics of energy consumption
rate V(y,(t)ys(t),...,v,(t)). The most likely answer is that
the cell possesses by autonomous mechanisms coping
at least low or moderate energy shortages. Indeed, such
mechanisms (at least, three) are described .

Figure 9 below illustrates the fact that the aerobic cell
possesses by a battery of at least three mechanisms spe-
cially activating under cell energy problems

Regulators of ATP synthesis

f energy

Mitachandrial moving toward
‘axygen higher concentrations:

Low meleculor indicotors of cell
energy shortage

| Elevatlon of ATP prodixction o Ganetically glven mte of ATP
)

balance the TP consumption PECAUEREN

Figure 9. Determiners of the mean energy production and
consumption rates in a cell and its mechanisms resisting
to critical situations of energy imbalance

The variable rate of energy production in a cell is given
genetically and associated with phases of the cell cycle.
Extracellular events, including those involving cells into
organism’s integrative functioning, may elevate the rate
of energy consumption thus cause ATP’s lack (the state
ED). Under ED, three intracellular mechanisms (shown
in left side) each possessing by specific speed and power
try to level ATP’s synthesis and consumption rates. Due to
low molecular indicators of cell energy shortage, the most
powerful but inertial mechanism (3) enlarges the cell’s to-
tal mitochondrial surface via their hypertrophy (including
the fusion) and/or proliferation.

According to figure 9, the battery of intracellular regu-
lators of the rate of ATP synthesis is built of three mech-
anisms. The first and most rapid intracellular mechanism,
based on mitochondrial ratio of [ADP]/[ATP], is chemical
negative feedback automatically increasing the value of Vg
under decreasing of [ATP]. The second mechanism, most
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effective in big neurons and especially in their long axons
that have essential differences of oxygen concentrations in
different regions, uses the mitochondrial motility towards
higher oxygen concentrations in cytoplasm. The mecha-
nism acts slower than the first one. The third mechanism
using the hypertrophy and/or proliferation of mitochondria
is the most inertial but the most effective fighter against
chronic energy lack.

As the organism uses both glucose and other ener-
gy-rich nutrients, additional problems arose. The pyruvate
is a common net product of both glucose consumption
and consumption of carbohydrates, fatty acids, lipids, and
even proteins (in extreme cases). Each of these source
products has its transformation chains and efficiency '\
Under changes in arterial blood carbohydrates’ concentra-
tions, the net effect of both pyruvate and ATP production
also is changing. In fact, these changes reflect a phenom-
enon further in the article called a passive adaptation: the
adjective stresses the fact that this form of the cell adapta-
tion to current local environmental conditions does not use
ATP. In contrast, a special mechanism (called a cellular
mechanism of reactive adaptation (CMRA) ") that uses
ATP to fight the environmentally induced intracellular de-
structions is also in human every cell.

Our cells, as well as cells of virtually every animal,
are under influences of essentially more dynamic factors,
capable of creating energy problems than our far ancestor
cells were. To clarify this very important for the human
physiology statement, let us analyze the metabolism of
a virtual specialized cell (VSC) in the human organism.
Remember that the ancestor UO has two physicochem-
ical environments — cytoplasm and space out of the cell
membrane. In the frame of the human organism, the outer
space, in turn, is divided into two environments — inter-
cellular, and the environment around the body. Assume
the latter environment has its independent dynamics. If
our exteroceptors react to these alterations, then the cells,
functionally integrated with these receptors, also will alter
their current activity. Most exteroceptors represent the
first link of the long functional chains that include certain
groups of organs.

Here important is to highlight that animals provide dis-
tinguish, specific functions (movement, rapid responses to
environmental challenges, effective heterotrophy, repro-
duction) not least thanks to a group of so-called excitable
cells. The group includes neurons, muscle cells, and secre-
tory cells. They have two distinguish signs: (1) a creation
and providing a stable level of a resting potential (RP); (2)
recovering the RP after its external violations. The matter
is that passive mechanisms, based on the initially created
high trans-membrane gradients (concentration and elec-
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trical), are not capable of a strong recovery of the value
of RP. Thus, the excitable cells (at least neurons and my-
ocytes) use a certain number of ATP to exact recovery the
value of RP. Although the absolute amount of these energy
expenditures is the very little part of the cell’s general en-
ergy expenditures, in "' for the first was argued that under
the high frequency of external violations of cell’s RP, this
internal problem may lead to a deficiency of ATP. So, the
providing of the basic functions of the cell is associated
and critically depended on how often the excitable cell is
involving in systems (outer) functions.

Every specialized cell (excluding adult erythrocytes)
must provide its metabolism and regularly divide. Namely,
these functions are the immanent functions of each cell.
Despite namely the outer functions of specialized cells
were used by biologists to denote cell’s type, none cell is
“interested” in the supporting of its outer functions. They
are indirect effects using which the multicellularity arose
Pl Tt sounds like a paradox, but the excitable cells that are
the constructive elements of our functional systems, are
the best illustration of this statement. Namely, the indirect
effects of excitable cells (neurons’ impulse generation,
muscular cells’ contraction, secretory cells’ secret) have
had made animals in general. Moreover, animals had been
successfully passed through the sieve of evolution pre-
cisely thanks to these indirect functions that allow them
to carry out their nutrition, survival, and reproduction in a
competitive environment.

Figure 10 below illustrates principal events appearing
in a cell in case of chronic energy deficiency.

Suppression of cell Adaptation Activation of
metabolism factors( FA1) ™ GMRA
. Activation of
Low molecular weight multicellular muiti-
| e =" scale enhancers of
. adaptationfactors( =2 ) | scale ennancers
: ' CMRA

leaving the stagnated cells

Figure 10. Principal events in a cell in case of chronic
energy deficiency (ED)

Adaptation factors FA1 and FA2, appearing in the cell
under energy deficiency, activate intracellular mechanisms
(CMRA) and their external enhancers to produce some
more ATP and normalize cell energy supply and metabo-
lism.

It is assumed that under energy lack (happening
because of long-lasting situation formally looking as
Vs<Vc), the cell metabolism is suppressed. Among inter-
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im metabolic products, there may be two specific factors
(FA1 and FA2). FA1, activating CMRA, is acting exclu-
sively into the cell. The activated mechanisms of CMRA
try to increase Vs until it becomes equal to the current
level of Vc or higher than it is. If the energy deficiency
in the cell is not liquidated, low molecular chemicals
FA2, leaving the cell and penetrating into the lymph and
venous blood, further do circulate until their decaying or
meeting with the receptors of organs regulating activities
of multicellular enhancers of CMRA. So, the cellular
factors are activators of both intracellular and extracellu-
lar negative feedbacks capable to elevate the rate of ATP
synthesis until it is balanced with the current (genetically
given or environmentally induced) rate of ATP consump-
tion.

The next figure represents a version of the so-called bi-
nary model of the human organism conventionally divided
into two virtual cells (VC).

Increasing the
vaseular tonus

Elevating MAP

Figure 11. A simplified (binary model) presentation of the
fight of the energy-lack virtual cell (Vs<Vc) for energy

The organism is maximally reduced to reflect cells’
role in involving organs and systems for cell supply by
source chemicals necessary for ATP synthesis. All cells
are reduced to two virtual cells (VC): one with Vs>V¢
does not have an energy problem while the second VC in
a central part needs to increase its Vs to level it with the
current value of Vc. It is assumed that the second VC is
releasing into the circulation adaptation factors that are
capable of increasing blood flows and nutrients incomes
predominantly toward the stagnated cell. Due to elevat-
ed rates of erythropoiesis, and lung ventilations arterial
blood becomes better saturated by oxygen. Another ad-
aptation factor, suppressing fluids excretion, increases
the total blood volume — the main factor for MAP’s ele-
vation. The latter is also provided by increased vascular
tonus and heart function. The vasodilatation increases
arterial blood flow (enriched by glucose and other sub-
strates) mainly to the stagnated VC while the normal VC
(depicted in the right upper part) is supplying by lesser
blood inflow.
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The cell (depicted with a Vs>Vc) does not have energy
problems while the second one (depicted with a Vs<Vc)
represents all cells feeling energy lack. It is assumed
namely, the second group of cells creating efforts for mo-
bilizing organs that are supporters of source chemicals for
providing ATP synthesis.

The energy mega-system (EMS) does include some
more organs and functional systems than they are shown
in figure 10. As it was argued in ', EMS is one of the
complex physiological super-systems that emerged and
evolved as providers of cells’ well-being in wide ranges
of disturbances. In the light of this concept, a complex
of adaptation factors released by the ED-cells could both
modulate the activities of these organs and redirect their
increased products toward the suffered cells. Namely, the
negative feedbacks and a more detailed illustration of such
an energy super-system are shown in the next figure12 ">

Arterial blood
with ged
potential

Blood enriching
by substrates

Increase
of arterial blood

e
5 axygen capacit
=2 Blood glucose ygen capacly
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Arteraal blood Blgoo I
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Figure 12. A version of the energy mega-system: it is
assumed that the organism struggles with sustained severe
hypoxia caused by circulatory disorders in a big body
region

Conventionally, EBC represents the organism’s energy
balanced cells while EDC represents energy-deficit cells
with the activated CMRA. Under the functional insuffi-
ciency of CMRA, EDC causes local and distant effects
enhancing the CMRA. Local effects include rapid vaso-
dilatation and inertial angiogenesis. Distant effects are
aimed at creating a more potent arterial blood: its pressure
and oxygenation become higher. To reach this effect, as
well as to direct the major part of the potent blood towards
EDC, distant influences of EDC are targeted to the mech-
anisms controlling the rates of erythropoiesis, pulmonary
ventilation, and reabsorption in kidney tubular channels.
Due to the increase of blood volume, heart rate and vascu-
lar tone the MAP becomes elevated. If the elimination of
energy deficit is not possible because of the general short-
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age of source materials, EDC also activates the digestive
system.

In figurel2, it also is assumed that under total energy
deficit specific adaptation factors do activate brain struc-
tures organizing and controlling behaviors aimed at search
for foods and their assimilation.

3. General Vision of Mechanisms Optimizing
Cells Coexistence

To correctly analyze mechanisms optimizing human
cell’s coexistence, a clarification of the notion “optimal”
is necessary. The optimality is relatively notion requiring
its criterion or even multiple criteria. In some cases, the
optimality used to technical objects (engines) silently
supposes that the engine is maximally effective. However,
this interpretation is not applicable to biological objects.
The natural evolution does not create ideal structures. All
living objects, providing the species by the ability to pass
their genes to the next generations, have had been passed
through the sieve of evolution. As mutations and chromo-
somal aberrations are the main material basis of evolution,
there is no reason for assuming the mechanisms that ap-
peared on this basis are maximally effective. In fact, zig-
zags of evolution are continuously changing the genome
either by heaping with new pieces which at the organism
level result in a heap of many biological mechanisms
or losing some pieces. They may not obligatorily act
synergistically: often parallel mechanisms may act in an
antagonistic manner. Therefore, their optimal coexistence
means a compromise. Namely, our trillions of cells, com-
peting for common nutrients and influencing one-another
by their metabolites or output functions (in particular, in
pairs containing at least one type of excitable cells), can
come to situational stabile coexistence (SSC). As far as
both external and internal environments are not strongly
stable, SSCs, reflecting the non-stationary processes, nor-
mally are fluctuating in time. Under environmental trends,
certain SSCs may display more or less regular shifts. So,
we should define two types of cells optimal SSC: (1) a
short-time, and (2) a long-time. Both fluctuations and
shifts have their projections in certain life variables.

The short-time optimal SSC of cells may be provided
by involving either intracellular resources or local regional
potentials. In contrast, to maintain the long-time optimal
SSC of cells, multicellular enhancers are required. One
scenario suggests that their activation and coordination is
provided by CNS. Indeed, many brain structures are in-
volved in the modulation of organ’ activities. However, it
hardly is possible that every cell is being under continued
control of neurons of CNS. From one side, such a hypo-
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thetical organism could have essentially more neurons.
From the other side, neurons do not create the due density
of their terminal branches. The third reason concerns the
internal heterogeneity of every cell population. These rea-
sons forced to conclude that the brain may solve certain
acute problems of cells material supply while the chronic
problems, that always are local, have to be solved by local
mechanisms.

So, local mechanisms have to create and control lo-
cally optimal nets of both macroscopic and microscopic
vasculature. It does effectively provide both substrates
and oxygen incomes and metabolites outcomes. The
efficiency mostly will be in those physiological modes
that last longer. The brain does not participate in these
basic events. Its role will be minimal also under acute
but low or moderate energy or metabolic problems. The
assimilation/dissimilation relationships have to be under
metabolites in the local intercellular environment. Only in
extreme situations when the local mechanisms are not ca-
pable of solving cells’ problems, distant mechanisms must
be involved. The traditional view suggests that receptors
located in each organ increasing their afferent impulses
to activate neural-reflector negative feedbacks. However,
neuronal activation is energetically too expensive to be
continuously provided. Therefore, the new view adds that
specific chemicals, that left the suffered cells, to play a
role of also specific adaptation factors. Their main role is
to re-tune cells and tissue architecture in such a manner
that the modified cells become capable to provide their
both intimate and output functions via minimal energy
expenditures. Theoretically required mechanisms for the
restructuring are mainly described in ">'"*". The question
is whether they really exist?

In general, the concept of cells’ optimal coexistence
(CCOQC) briefly is described below.

3.1 Compromises

Throughout ontogenesis, an individual organism uses its
tuning-mechanisms to be structured in a manner that is
best adapted to local environmental almost stable condi-
tions. This physiological mode is a compromise achieved
due to the competitive efforts of cells for foods. Because
it is looking like an ideal Greek’s democracy, in ), this
mode is specially termed a “cellcracy”. Every local prob-
lem, for example, appearing because of local circulatory
impairment is adequately eliminated by local vasodilata-
tion. As the stability may be violated from time to time,
including informational alterations, the brain, reacting to
them, activates its efferent activities to correct the activi-
ties of certain organs for providing the acute behaviors. If
these brain efforts are long-drawn-out, the ideal (comfort)
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existence of those effector-cells that have been essential-
ly stimulated from out and thus increased their energy
expenditures, step-by-step will drop into the energy lack
mode. This is why in "” the brain was figuratively called
a “despot”. Such an organism could not exist for a long
time. Thus, organisms, again passed through the sieve of
evolution, likely had been armed with mechanisms effec-
tively counteracting wit this “despot”.

The most likely way the stagnated cells to not be died
is to release adaptation factors that will re-organize blood
flows and enrich the arterial blood by currently most need-
ed nutrients. These efforts combined with the effects of lo-
cal vasodilatation will return the impaired cells to the bal-
anced state. In fact, this is a new compromise between the
body’s effector-cells, from the one hands, and the brain,
from the other hands. This compromise determined rela-
tive temporal characteristics of both participants: neither
the brain domination nor the domination of mechanisms
supporting the intracellular comfort state can be endless.

As the organism’s surviving is critically depended on
functionalities of the brain and heart, evolution created
preferences for their material supply. The brain and heart
are practically minimal sympathetic vasoconstriction but
the best vasodilating, self-regulatory mechanisms. So,
the “cellcracy” later has been transformed substituted to
more complex compromise mechanisms providing the
coexistence of cells in unstable environments. Namely,
the compromise involving multiple organs, directly or
indirectly participating in creation of comfort intracellular
environment, led to appearance of so-called physiological
relativity ®*. It states that in the human organism, both
the biochemical and the physiological characteristics that
according to the homeostasis concept were assumed to be
constants, in fact, are reciprocally variables.

Nevertheless, under relatively long-term environmental
stability, the cellular humoral mechanisms, continuing to
act, may again dominate and minimize the CNS’s inva-
sion in providing cells metabolism and other immanent
functions. Namely, the blood chemical composition deter-
mines the long-time mean activities of organs that form
specific super-systems materially supplying cells.

3.2 The Nature of ADF

At organism-scale, the stability suggests that there is an
approximate balance between assimilation and dissimila-
tion rates. At the cell-scale, stability has also resulted in
a balance between anabolism and catabolism. Both these
balances can be provided on different rates that normal-
ly, are provided by mean balances of arterial and venous
flows. When a cell is forced to increase its catabolic rate (in
particular, the rate of ATP consumption) within a certain
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time interval, CMRA increases Vs. This causes a decrease
in cytoplasmic concentrations of source chemicals nec-
essary for ATP-synthesis. Consequently, under increased
concentrations’ difference (gradient) between local capil-
laries and cytoplasm, these chemical compounds are pen-
etrating into the cell. But this does increase their gradients
between local arterioles and capillaries. These events
promote the cells that currently have higher assimilation
rates to take from the common local intercellular space
the greater part of nutrients. So, additional mechanical
forces appearing as concentrations’ gradients are the main
local ADF-s that will disappear, just after the active phase
of the adaptation of the cell to the elevated catabolism is
finished. Additional ADF-s appear because of local vaso-
dilatation: by a decreasing of local vascular resistance, the
vasodilatation re-directs arteriolar flows predominantly
towards actively adapting cells.

In real organisms, this theoretical scenario never will
bring to stabile conditions thus both biochemical and
physiological characteristics permanently fluctuate. If the
adaptive up-building is covering a huge number of cells
and thus changing their rest energy consumption rates,
the physiological integral characteristics like MAP, lung
ventilation, the blood concentration of erythrocytes, the
density of arterioles, as well as the number and sizes of
cells” mitochondria become stabile shifted too. In other
words, the entire organism becomes to be adapted to the
new conditions.

The internal heterogeneities in SCP suggest that for
every time moment, one part of cells of the population re-
quest much ATP than others. So, the energy shortage does
not simultaneously cover the entire population but only
those cells that have the greatest rates of ATP consump-
tion. Whether mechanisms balancing V, falsewith V.
false are so perfect to take into account such nuances are
not known. I think the human organism does not possess
of mechanisms capable of such precise controlling energy
supplying of cells. A virtual scenario, supposing that the
activities of organs-providers of oxygen, carbohydrates,
and other substrates depend on concentrations of venous
blood chemical factors while the local cell problems can
be solved due to passive diffusion of nutrients from the
intercellular environment, seems to be a most likely one.
Certainly, in the frame of this concept, the optimality of
cell life is not synonymous with maximally comfort cell
metabolism. In the population scale, the metabolism is
optimal when a compromise of forces worsening the cy-
toplasm composition, from the one side, and purifying it,
from the opposite side, is achieved.

As to the inverse adaptation of a cell from the initially
high levels of anabolic transformations to lower levels, it
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goes passively. The matter is that most cellular macromol-
ecules are tertiary and quaternary structures vulnerable to
destructive forces including thermodynamic fluctuations
of protons. So, molecular destructions are background
events. The only way to compensate for their negative ef-
fects is to adequately re-synthesize them. When the cell is
not more forced to provide the high levels of assimilation
(in particular, ATP-synthesis) the background destructions
will slowly bring the cell to a newer balance provided on
lower rates of anabolism.

4. Discussion: Endogenous Mechanisms Pro-
viding of Organism’s Adequate Flexibility

The human organism is a flexible construction. The main
flexibility is known to be concerned with the velocities of
cell division and death. However, the deeper we under-
stand the organism-environment relations the newer as-
pects of the flexibility become clear. Arguments above are
to convince that the necessity to maintain the cell-scale
energy balance despite its disturbances was one of the fun-
damental requirements for minimizing initially UQO’s, later
MO’s vulnerability to critical energy imbalance (CEI).

In the article, the energy aspect in general, and CEI, in
particular, are in the focus not because of they are the ex-
clusive initiators of the reversible adaptation. The matter
is that other factors (like the cytoplasm contaminators)
are already taken into account in traditional physiological
concepts (1036401

As the energy consumption rate in our cells depends
on multiple stochastic variables, there cannot be an ef-
fective strategy for excluding CEI. Possible ways for
coping with this dangerous and destructive state were
and are still in specific mechanisms effectively reacting
to consequences of CEI. Empirical data shows that un-
der CEI, at least three intracellular mechanisms, being
also found in UO’s and indicated in the left upper side
in figure9, represent a battery working against CEIL. As
elements of the battery have different dynamic charac-
teristics and power, under specific forms of CEI (acute
or chronic) they are activating specifically. Only under
severe CEI of long duration, all the three mechanisms do
working synergistically.

Normally, mitochondria produce about 94% of the to-
tal amount of ATP molecules. figure13 below illustrates
that this synthesis is critically dependent on activities
of complex physiological mechanisms of three different
branches. Mitochondria, providing pyruvate oxygenation,
represent the Branch 1. Mitochondrial characteristics
determining the rate of ATP synthesis (V) are analyzed
some later.
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Branch 1

ATP molecules synthesis
in mitochondria

Branch 3

Branch 2

Figure 13. Physiological mechanisms providing the syn-
thesis of ATP molecules in mitochondria cover events
taking place in three different branches: (1) mitochondria,
(2) carbohydrates, and (3) oxygen incomes. Besides, con-
centrations of certain mitochondrial enzymes also play their
roles in determining the value of current V5. This is a reason
to think that these mechanisms are likely associated.

To comprehend energy-conditioned local or integrative
physiological events and causalities, one must analyze
roles playing by each of the branches illustrated in fig-
urel3. All the biochemistry revealed mainly concerns the
chains yielding ATP molecules. But the cellular physiolo-
gy is not reduced to chemical transformations. Moreover,
in the human organism, the efficiency of the chemical ma-
chinery of a cell is both under cellular and multicellular
physiology. The latter is not duly understood yet.

It was long known that under hypoxia conditions, the
chemoreceptor reflexes work to remove the excess CO,
from blood. The reflex possesses by three independent
acting blocks. One block increases lung ventilation. The
second block increases MAP and blood flows. The third
block activates the erythropoietin release and enrich-
es the blood of oxygen and carbon dioxide carriers —
erythrocytes. Thanks to multiple researchers, the interim
mechanisms mediating the hypoxia and the erythropoietin
release have been revealed: specific proteins called hy-
poxia-inducible factors (HIFs) have been found out *'.
Since that time, hypoxia-inducible factors, being in the
mainstream of molecular-biological and genetic research-
es (for example, "**"), were acknowledged by the Nobel
Prize-2019.
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It is necessary to stress that the pyruvate is a common
product of anaerobe glycolysis provided in the cytoplasm.
Concentrations of pyruvate [Py] entering the mitochon-
dria critically depend on the inflow of carbohydrates. Thus
the machinery regulating this inflow is denoted as Branch
2. By analogy, mechanisms concerned oxygen support
denoted to be Branch 3. Note that under the given total
size of the cell’s mitochondria (if more correctly — the to-
tal surface of their inner membranes S,,), V¥, is maximal
only for certain proportions of carbohydrates and oxygen.
Already this fact hints that the physiological mechanisms
controlling oxygen and carbohydrates’ incomes to cells
are highly likely associated.

According to Chance, et al ** current mitochondrial
V. can be calculated if its maximal value Vsmax , and mi-

tochondrial concentrations of [ NADH |, inorganic phos-
phor [£], [ADP], [O,] are known.

V N V;max
: KK K, K (M)

1+ + =
[ADP] [F] [0,] [NADH]

where K, K, ,K; K, , and @ are approximation con-
stants individual for the mitochondrion. Under certain cir-

cumstances, these constants can be increased or decreased
via concentrations of regulatory enzymes.

But it is known that both the number of cell mitochon-
dria and the size of each mitochondrion are variables.
Factors initiating and controlling these alterations will be
analyzed later. Here important is to note that these alter-
ations, changing the total area of inner membranes of the
cell mitochondria, also alter S, relatively to its initial
value of SmO . Thus, the formulae (1) is modified as:

V ~ (1+¢(Sm_Sm0) V;max
' 1+ K, K, + LS + L
[ADP] [0,] [NADH]

[ADP] does depend on [AMP] which is a product
of pyruvate’s oxygenation. In the linear interval, as it was

(1a)

[£]

shown recently "”, mitochondrial variables[O,], [Py]
false(or glucose in cytoplasm), and S, can be quanti-
tatively related to [AMP] by means of an approximate
equation:

B
R

[AMP]~[0,]-[P,]-S, )

where P,4— the mean arterial pressure (MAP), and R—
the total peripheral resistance.
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As B ~0, where O is the cardiac output, by anal-
R

ogy, for every regional tissue with a regional vascular
resistance 7, the regional blood flow can be calculated as

P

“Axgq.
r

Before to analyze the physiological consequences of
formalisms (1), and (2), it is useful to pay attention to an
additional aspect of cell energy machinery not taken into
account in theoretical concepts concerning so-called ener-
gy homeostasis ***"*1,

Mitochondrial impairment is considered to be the com-
monplace and possible initiator of many diseases that have
the specific sign — are slowly developing and definitely
manifesting mainly in old-age peoples “***. Mutations
in mitochondrial genes are the likely cause of arterial hy-
pertension "', Mitochondrial dysfunction is associated
with the development of numerous cardiac diseases such
as atherosclerosis, ischemia-reperfusion injury, hyperten-
sion, diabetes, cardiac hypertrophy, and heart failure 149501
In cancer research, mitochondria are also in a focus of
interests ©'*¥. Even the Parkinsonism has its mitochon-
drial projections "**”. T have cited the very little part of
publications concerned with mitochondrial investments in

normal and pathological situations.
4.1 Mechanisms Regulating AMP Concentration

It is known that in response to low glucose, hypoxia,
ischemia, and heat shock, AMP-activated protein kinase
(AMPK) plays a role of a master regulator of cellular en-
ergy homeostasis. Most researchers focus their efforts on
revealing mechanisms and regularities concerned with the
excess concentrations of AMP. AMPK regulates diverse
metabolic and physiological processes and is dysregulated
in major chronic diseases, such as obesity, inflammation,
diabetes, and cancer. P, The most well-defined mecha-
nisms of AMPK activation are phosphorylation at T172 of
the a-subunit and by AMP and/or ADP binding to y-sub-
unit. ATP competitively inhibits the binding of both AMP
and ADP to the y-subunit, which suggests that AMPK is
a sensor of AMP/ATP or ADP/ATP ratios "), In the frame
of the article, specific interest does relate to hypoglyce-
mia causing low mitochondrial concentrations of AMP.
Recently "' it has been argued that AMPK activates the
glycogen-glucose transformation in both muscles and liv-
er. So, in this way, AMPK could increase the rate of ATP
production. I think this aspect of APMK has to be deeper
studied. Novel regulators of the rate of AMP synthesis are
not excluded too.
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4.2 Computer Modeling of Complex Physiological
Systems

Another aspect worth to be discussed here is concerned
with the research methodology. Since1960-s, mathemati-
cal modeling of physiological systems is an additional and
effective method for revealing their quantitative proper-
ties. Every mathematical model is an equation (or equa-
tions system) containing variables and constants. Variables
identification never was a serious problem: they directly
present in the empirical data. In contrast, constants identi-
fication is still problematic: most of them are either not a
subject for physiological research or have been measured
for conditions far from those used in model experiments.
When the model describes complex systems, as it was in
the most known model created by Guyton et al **** and
describing interactions of 17 physiological organs, heuris-
tics are the mandatory method for constants choosing. But
the biggest problem is that their values, assessed for the
physiological norm, under simulating of other conditions,
must be changed. Nobody knew how to provide these
changes. This problem still is also for recent models
. Physiologists not like the modelers’ voluntarism. They
know that every organism itself is doing these changes.
But they could not capable of providing by rules to be
used for adapting each so-called physiological constant
(included in the model) for new physiological conditions
that have to be modeled. In fact, the general approach,
provided in the article and for the first time described in
detail in ', is the lonely way to rationally re-tune con-
stants of models.

4.3 Problems Concerned with the New Under-
standing of Cardiovascular Endogenous Control

Above marked new interpretation of the optimality forces
us to re-asses the role that the cardiovascular system and
the circulation are playing in HIP.

CVS, being both the supplier of cells and the collector
of their metabolites plays an exclusive role in the organ-
ism. The functional activity of CVS is tightly associated
with the functional activities of those organs and systems
that are responsible for the chemistry of arterial blood. As
the chemistry is permanently varying, both MAP and the
cardiac output (CO) are important variables that cannot be
exclusively subjects for regulators thought to be specific
controllers of hemodynamics. In this regard, traditional
concepts of CVS’s control should be also revised.

The problem of MAP-s long-term control is still actu-
ally in the cardiovascular physiology. The most common
current general vision of physiological mechanisms con-
trolling the long-term level of MAP and simultaneously
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providing cells by adequate blood flows has been devel-
oped in Guyton’s research team """ The concept, later
in detail developed by Cowley’s research team “>*, is
also known as the concept of “pressure-diuresis-natriure-
Sis” [37,40].

The concept integrates the regulation of CO with the
baroreceptor control of MAP. An essential role is given
to Na intake and its contribution to total blood volume as

one of the main investors of the MAP.

—— Renin-angiotensin-vasoconstriction
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Figure 14. Approximate potency of various arterial pres-
sure control mechanisms at different time intervals after
onset of a disturbance to the arterial pressure "

In fact, figure14 demonstrates an interesting idea: most
of the mechanisms, capable of shifting the level of MAP,
might be initiated by events having no direct relation to
hemodynamics’ self-regulation. Different hypotheses were
proposed concerning the goals of the known mechanisms
and their influences on CVS. However, even in this gen-
eral vision of physiological mechanisms controlling the
long-term level of MAP, the cell energy aspect is absent at
all. In a personal communication with Prof. Allen Cowley
we have discussed this problem and he, assessing it to
be a very serious gap, promised to think about how this
problem could be experimentally investigated. The same
evaluation was also by other physiologists. But nobody
is armed with proper technologies to provide the required
empirical research. The only way for testing the energy
hypothesis of MAP-level and its floating I saw in the cre-
ation of a special software-modeling tool for providing
computer simulations. The main results, published in ****)
demonstrated that the energy view on arterial pressure is
both rather realistic and capable to explain MAP’s indi-
vidual variations depending on also individual ontogenetic
scenarios of organism’s formation.

Theoretically, under stable structural characteristics of
body vasculature and heart chambers, CO and MAP (also
above denoted as I_DA) are functions of seven variables:
total blood volume (Vz ), contractility of right (C,) and
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left (Cl) ventricles’ myocardium, heart rate ( F' ), total
peripheral resistance ( R ), rigidity (D), and unstressed
volume (U). They all may be under nervous-humoral in-
fluences that are variables too.

Assume the function Pa(t) =f(Vs(t),C.(1),C\(1),
F(t),R(t),D(t),U(t)) is known. Changes at least one of
these variables do alter MAP and CO. The question is
whether each mechanism, capable to alter current values
of variables, is a regulator of MAP and CO? The physiol-
ogist using the term regulator is sure that it has both a goal
and mechanisms for its providing. However, among eight
mechanisms (see figure 14) usually called MAP’ regu-
lators, the baroreceptor reflex is the single mechanism,
satisfying the requirements to be a regulator. However,
normally, even this mechanism does not set or control the
level of MAP: arterial baroreflexes only damp regular (in
each cardiac cycle) or stochastic elevation of systolic arte-
rial pressure. Receptors stop to be active in the most part
of diastole. Besides, because of the receptors’ threshold,
they are silent in the initial stage of systolic pressure’s
elevation. So, the mechanism which does not receive in-
formation about the end-diastolic level of arterial pressure
and the duration of the diastole is not capable to calculate
and control the level of MAP. Despite this conclusion "',
physiologists continue to seek data to confirm that the
baroreflex is a long-term controller of arterial pressure .
In this research, the authors state that baroreceptors are
active even under elevated values of MAP. Yes, it is so.
Moreover, according to CCOC, baroreceptors, being neu-
rons, mandatorily have to adapt their energetics to every
relatively stable mean rate of ATP consumption. As far
as the elevated MAP compels the receptor cell to spend
ATP on the higher rates, the CMRA is re-tuning the cell
mitochondria for maintaining a new energy balance on the
elevated level of ATP consumption. So, the receptor, being
forced to transitorily decrease the number of its afferent
impulses, again adequately reacts to alterations of systol-
ic pressure. In my opinion, this particular case evidently
shows the impact of CCOC as a general biological theory.

4.4 Other Mechanisms Changing MAP

Figures 11 and 12 above contain boxes indicating that the
angiogenesis is one of the mechanisms potentially being
under adaptation factors produced by energetically suffer-
ing cells. Indeed, the angiogenesis continues the growth
of the vasculature by processes of sprouting and splitting.
Numerous inducers of angiogenesis have been identified,
including the members of the vascular endothelial growth
factor family, angiopoietins, transforming growth factors,
platelet-derived growth factor, tumor necrosis factor-al-
pha, interleukins and members of the fibroblast growth

16 Distributed under creative commons license 4.0

factor family. Vascular endothelial growth factor ",

Endogenous vasodilators can promote vascular smooth
muscle relaxation at three major sites, the noradrenergic
nerve terminal, the smooth muscle cell, and the vascu-
lar endothelium. Many vasodilator agonists may use the
endothelium to produce their effect (for example, acetyl-
choline, serotonin, thrombin, others).NO is a powerful
vasodilator with a half-life of a few seconds in the blood.

The renin-angiotensin system has powerful effects
on the control of MAP and sodium homeostasis. These
actions are coordinated through integrated actions in the
kidney, CVS and the central nervous system. Along with
its impact on the MAP, the renin-angiotensin system also
influences a range of processes from inflammation and
immune responses to longevity.

Reactive oxygen species influence vascular, renal, and
cardiac function and structure by modulating cell growth,
contraction/dilatation, and inflammatory responses via re-
dox-dependent signaling pathways. However, the clinical
evidence is still controversial *.

Generally, the MAP is not one of the strong homeostat-
ic constants. Although physicians know that hypertension
is a common end-point for multiple disorders *"***" the
instabilities of MAP-level rarely have been understood as
a consequence of its adaptation to actual energetic needs
of the organism. These causalities, first formulated in the

. . . 11,19 .
paradigm of "floating" arterial pressure "', schematical-
ly are depicted in figure 2.
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Figure 15. Diagram of the relationship of the main deter-
minants of MAP-level to maintain the proper metabolism
of cells

The blood flow, mainly determined by the mean arterial
pressure, is a source factor for providing cells’ metab-
olism. However, alterations in both arterial and venous
blood are capable of aggravating the metabolism. Meta-
bolic disorders stagnate cell life. In this state, cells release
low molecular weight agents that can modulate cardio-
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vascular mechanisms determining MAP. There are four
potential target mechanisms for such modulations: che-
moreceptor reflexes; kidneys and other excretory systems
that alter the total blood volume; mitochondria providing
the aerobe synthesis of ATP; and brain structures entering
the sympathetic and parasympathetic neurons that con-
trol the heart function and vessels’ tonus. Both external
and internal stimuli are the information background that
independently affects the level of MAP. Under certain
conditions, several low molecular weight agents can
modulate current activities of mechanisms that provide
cell metabolism by oxygen and nutrients. In general, this
closed physiological system is capable of coping main
challenges and to provide an optimal metabolism in most
of the cells despite casual alterations of local extracellular
physiochemical conditions.

The blood flow, mainly determined by MAP, is a
source factor for providing cells” metabolism. However,
alterations in both arterial and venous blood are capable of
aggravating the metabolism. Metabolic disorders are sup-
pressing cell life. In this state, cells release low molecular
weight agents (for example, see ") that can modulate
cardiovascular mechanisms determining MAP.

There are four potential target mechanisms for such
modulations: chemoreceptor reflexes "; kidneys and oth-
er excretory systems that alter total blood volume """
mitochondria providing the aecrobe synthesis of ATP ™"
$¥: and brain upper structures forming synapses on the
sympathetic and parasympathetic neurons that control the
heart function and vessels’ tonus **\. Both external and
internal stimuli are the information background that inde-
pendently affects the level of MAP. Under certain condi-
tions, several low molecular weight agents can modulate
current activities of mechanisms that provide cell metabo-
lism by oxygen and nutrients. In general, this closed phys-
iological system is capable of coping main challenges and
providing optimal metabolism in most of the cells despite
casual alterations of local extracellular physiochemical
conditions.

4.5 Concerning Theories

There are two interpretations of what the theory is for.
One group of researchers-empiricists suggests that the
theory is a short description of all observable data. But
the only value of such a theory is limited to its didactic
capabilities. Much valuable are theories that use limited
data for doing general conclusions. Neither Newton nor
Einstein have had been armed with data covering events
in every point of the universe. But they logically argued
why the local regularity should be spread to the universe
scale.
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The human organism is like a universe. We never can
control thousands of biological variables in each of the
trillions of human cells. Here heuristics are the necessary
method for proposing general concepts but using very
limited data. As CCOC is an example of such theory, it
should point out both the most likely events not observed
yet and possible ways for their registering and evaluating.

CCOC suggests that mitochondrial disorders are the
most likely fundamental cause of age-associated disor-
ders.

CCOC prompts that the chemistry of local or central
venous blood contains much more information about bio-
chemical and physiological statuses (health indicators)
of cells that form the chemistry than it can be registered
by current measurement technologies. So, it is necessary
to develop technologies capable of precisely fixing con-
centration changes of such health indicators. In this way,
physicians could much earlier diagnose complex disor-
ders. As the physiology is the theory of the medicine, the
identification of molecular mechanisms potentially pro-
viding cells’ optimal coexistence is also a priority direc-
tion. At last, the much thorough and accurate analysis of
the chemical composition of arterial blood could make it
possible to understand the trends of endogenous normal-
ization of disorders to develop effective methods for their
exogenous support.

Certainly, CCOC only dashed outlined the general rules
for the optimal integration of specialized cells in a single
organism. These rules apply not only to the human body,
but also to the organisms of all animals. Perhaps it is ap-
propriate to mention here that renin was initially found
only in the kidneys, when their cells were not supplied
with a sufficient blood flow. For a long time, experts dis-
cussed only the role of the renin-angiotensin system in the
body. However, it soon became clear that renin-like agents
are produced in almost all organs in which blood flow is
impaired "***’*. The situation was similar with HIFs: at
first they were found in the kidneys, and only then in other
specialized cells ™",

I saw that the metabolic products of some cells can be
used by other types of cells. Since I am a theoretician, I
saw in this a possible general pattern. Empiricism alone
is capable of filling individual gaps, but it is unlikely to
close them all. SCP-s of different specialization can form
the simplest pair in which cells of the next SCP consume
at least one of the chemicals produced by cells of the pre-
vious SCP. By linking such producer-consumer pairs into
a long chain, organisms have created functionally associ-
ated structures. Normally, their activities display almost
synchronized changes.

There exist also types of SCP-pairs in which the prod-
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uct of a first SCP inhibits or stimulates the activity of cells
of the next SCP. Namely, the second type SCP-pairs are
the structural-functional units of our three-dimensional
organs. Virtually, one can decompose the human organism
to these structural-functional units and assemble (re-as-
semble) them and theoretically study properties of the vir-
tual organism. However, the vague knowledge of human
SCP-s makes this task not yet actual.

There is a sufficient basis to state that HIF-s, which
occurred in certain cells of the given tissues, have not
mandatorily modifying the current activity of genes in
every cell of the tissue. Moreover, only one type of hy-
poxic state (namely, the long-term hypoxia caused by
circulatory insufficiency) does create problems for the
entire cell population. In fact, the lack of carbohydrates is
the mandatory accompanier of this kind of hypoxia. So,
the tissue is suffering rather of hypoergia than of hypoxia.
This indicates that organisms suffering from chronic heart
insufficiency could serve physiologists as the best objects
for studying individual adaptation dynamics much deeper
than it is possible in cultures of cells.

5. Conclusion

Each of our cells is a flexible (soft) object possessing by
mechanisms that in certain boundaries can cope with local
internally or externally induced destructions. The energy
is the necessary resource for supporting both cell intimate
functions and resisting to its functional impairment or
structural degradation. The sufficient condition for cell
well-being is the optimal physiochemical cytoplasm. Our
organs and their functional systems have passed through
the sieve of evolution because they are capable to provide
an optimal-like coexistence of cells.

Both the energy demands and parameters of the opti-
mal cytoplasm are altering regularly with phases of the
cell cycle and stochastically because of extracellular in-
fluences. Their power and frequency may depend on the
information and physiochemical dynamics of the outer
environment, as well as on alterations induced by other
cells. Cells’ responses to these influences are making the
entire organism, its physiology, and biochemistry flexible
too. Cells through these influences adaptively re-build and
re-tune both their internal structures and by activating cel-
lular proliferation in organs that currently have accumu-
lated certain concentrations of specific adaptation factors.
In fact, cells continuously alter material inflows until a
situational or a long-lasting compromise is achieved. The
compromise, individual in each organism and displaying
temporal variations, we can feel as health’s alterations.
Physiologists and physicians, assessing the health by val-
ues of its indicators, do not require a strong falling of the
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measured values of the so-called homeostatic constants
into their normative intervals. Homeostasis is not only an
individual concept, but also a relative one, therefore health
should not be evaluated by the absolute value of the mea-
sured vital activity indicator, but only on the basis of how
much assimilation-dissimilation processes are balanced.
The CCOC, as a hypothetic yet concept presented and
argued in the article, is a call to empiricists for searching
for adequate methods allowing both concept’s examina-
tion and further identifying the missing adaptation factors.
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1. Introduction

illimeter wave signals are widely used in biology

and medicine at the last 20-30 years with the ad-

vent of electronic devices generating this range.
The first experiments on the effects of mm-signals in living
organisms are carried out using standard test generator in
the frequency range from 37.5 to 78.33 GHz. Detection of
positive changes in the body of experimental animals under
the influence of mm-radiation caused expanding of the re-
search in the human body. The largest contribution to this
research, and the development and implementation of med-
ical equipment and treatment technologies with mm-signals
made teams led by Academician Devyatkov M.D. and Prof.
S.P. Sitko. Directions of researches conducted by these
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Millimeter range signals have been widely used in biology and medicine
over the 20-30 years of the last century. At this time in Ukraine have been
developed and implemented treatment technologies, the main ones are
millimeter therapy (MMT), microwave resonance therapy (MRT), informa-
tion-wave therapy (IWT). The features of this technologies are the use of
signals in the frequency band 40-78 GHz with extremely low signal levels
-10°-10" W / cm’, the parameters are immanent to own communication
signals of the human body. The author of the article attempts to conduct a
combined analysis of hardware and software of these treatment technolo-
gies with mm-band signals. Thus the specialized equipment used for the
treatment, technologies and the statistical results of its use for various dis-
eases are considered. The problems of metrological support and measuring
the weak signals of the mm range are proposed to solve by creating highly
sensitive radiometric systems. The results of measurements of microwave
signals of natural objects that can be used for physiotherapy and physical
bodies that are in contact with or in human environment are submitted.
Promising areas of the using the highly sensitive radiometric measurement
equipment for research in biology and medicine are presented.

groups have focused on determining the parameters of
mm-signals for therapeutic intervention on the patients and
the list of diseases and their treatment technology.

As a result, the first specialized medical devices for
millimeter therapy “SIBp” (“Yav”) and “Ilopir-1” (“Porog,
Threshold - 17°) and appropriate technologies for their use in
medical practice were created. However, the parameters of
these devices (signal type, operating frequency, output lev-
el) significantly differed among themselves, and therefore
have differences, and even in the names of treatment tech-
nologies. So the technologies developed by Kyiv specialists
combined with name - Quantum medicine because they use
extremely low power as noise so harmonic signals .

At this time in Ukraine have been developed and
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implemented treatment technologies, the main ones are
millimeter therapy (MMT), microwave resonance therapy
(MRT), information-wave therapy (IWT). The features of
this technologies are the use of signals in the frequency
band 40-78 GHz with extremely low signal levels - 10°-
10" W/em®, the parameters are immanent to own commu-
nication signals of the human body.

In contrast to the treatment with a low-frequency
signals (HF, UHF), which are associated with heating
and thermal effects, the MMT is based on non-ionizing
energy-effects on the human body. Areas of influence in
MMT are biologically active zones and points (BAP) of
the human body. Millimeter signals are absorbed by BAT
at the resonant frequencies, simulating the natural tones of
the human body. In some cases for body as a self-regulat-
ing system the insignificant proportion of the MM-wave
energy is quite enough to reduce pathological phenomena
and restore normal physiological state. There are several
hypotheses to explain the mechanisms of electromagnetic
radiation action on biological objects **. Almost all of
them say that the primary target of MM signals are water
molecules that strongly absorb such signals first of all in
dermal nerve receptors and immune-competent cells.

Under the influence of MM-radiation the synthesis of
ATP in cells and biologically active substances that affect
the immune status increases. Observed changes in cellular
metabolism are the prerequisite for further recovery of the
functions at the level of the whole organism. This improved
immune system parameters, blood parameters, condition of
the nervous system, as evidenced by laboratory diagnostic
methods during treatment of MM therapy. The effective-
ness of therapy increases with using the mm-signal in the
resonant frequency '”, since this increases the amount of
absorbed energy. All kinds of MMT are shown to be used
in many serious diseases like kids cerebral palsy, aseptic
necrosis of the femoral head, stomach and duodenal ulcers,
diabetes and its complications, and others as additional
complementary treatment. MMT can be used in different
oncologic diseases as before surgical intervention so after it
in standard treatment methods.

2. Main Body

2.1 Devices and Special Radiation Sources of Mil-
limeter-range Frequencies

Currently, therapy with mm-range signals use about 25-30
types of specialized medical equipment ),

Creation of the mm-wave band generators with low
output associated with the solution of a number of complex
technical problems. The main ways of obtaining low-inten-
sity signals from devices for practical medicine are :

24 Distributed under creative commons license 4.0

(1) create generators for tens microwatt with subse-
quent reduction of power via attenuators;

(2) use second harmonic generator with resetting out-
put by applying on its output high pass filter;

(3) use the frequency multipliers for the formation and
allocation n-th harmonic signal;

(4) use of heat and spark generators.

There are several developed apparatus generating mm-
range waves for medical purposes "

(1) sets of harmonic signals with fixed operat-
ing frequencies, “ABs-1" (“Yav-17), “DnexkTpoHnKa-
KBY” (“Electronics-UHF”), “PAME/I-OKCIIEPT” (
“RAMED-Expert”);

(2) “broadband generators” of the harmonic signals,
“AMPT-01” (“AMRT-017), “AMPT-02” (“AMRT-02"),
later types of devices “Enekrponika” (“Electronics”),
“AMT-Kosept-04” (“AMT-Covert-04”), “ARIA-SC”;

(3) “broadband devices” of noise signals “Ilopir-1~
(“Porog - 17), “ITopir-3” (“Porog -3”), “ITopir-3M” (“Porog
-3M”), “Apnax” (“Artsakh”), “Illnem” (“Shlem (Helmet)™);

(4) combined devices generating as noise so harmonic
signals, “AMPT-01” (“AMRT-01"), “Apmax” (“Artsakh”);

(5) devices with additional modes of quasi noise sig-
nals formating due to “spill” the spectrum of harmonic
signals, frequency sweeping within the operating frequen-
cy range “AMT-Kosept-04” (“AMT-04 Covert”), “ARIA-
SC”. This mode is easily implemented in new devices
with embedded microprocessor (microcomputer).

The main types of such devices and their parameters
are given in Table 1.

By operating frequency range of equipment located
mainly in the 37 to 78 GHz, some devices (mainly noise
signals generators) cover bands up to 90 GHz and 118
GHz even (Table. 1).

Tablel. Apparatus for millimeter therapy

Name of the Country of Type of Operatin Output
device origin signal grange, GHz | power, Wt
« " Ukraine, harmonic, 58-62 a3
AMRTOT” | harkiv noise s378 | 210
“Electron- . 103
ies- UHF-1017 Ukra'me, - 59-63 5.1075
(2 modification) Kyiv 57-65 510
SmWt/
“Artsakh” Armenia, e 59-61, oM’
(4 modification) | YRFE NAS 42-95 10" Wt/
Hz
“AMRT-02” Ukraine, harmonic, 52...62 r10*
Kharkiv quasinoise
« " Ukraine, o 1S
ARIA-SC Kharkiv // 53..64 510
LDK “Sharm”, Russia, 42,2; 5
“Yav-17), -1/ - 535 1'10
“Stela- 2" Russia, - 59...63 110"
Tomsk
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“Porog -3” Ukraine, . 53,78 107-10"
(4 modification) Kyiv noise Wt /Hz
Russia 107 Wt /
“ t-01” ’ —/ -
Covert -0 Moscow // 53...78 Hz
. -21
MU-2001 | Switzerland | —//— 4.7y |10 Wt
/Hz
“ Electron-
ics-UHF -011, Ukraine, L. S
013" Kyiv quasinoise 57...65 510
(2 modification)

There are attempts to create devices designed at more
high frequency, which work even in the range of terahertz
waves. The level of power generated also varies widely
and covers the area from 10 mW to 1 nW for monochro-
matic and 1-10™ to 1-10*° W/Hz for noise signals.

Figure 1 shows the distribution of power and frequency
range of devices for millimeter therapy.

The information about the feasibility of the submilli-
meter range signals usage in practice of medicine have
appeared recently.

Figure 2 shows two types of noise generators with
low-intensive output signals, positive flow “Porog-VT”
and negative flow “Porog-NT”.

ANPT-0

10710

10"
A

10

30 35 40 45 50 55 60 8BS 0 7S &0

Figure 1. Distribution of power and frequency rangeof
devices

Note: Microwave resonance therapy: 1 — “Yav-17), 2 — “Alenushka”,
(Ukraine), 3 —“Electronics-UHF”), (Ukraine); THTB — “Porog-NT”
(Ukraine); 'BTB — “Porog-VT”(Ukraine), the line AB — power level
natural human radiation

“Porog-VT” Patent of Ukraine Ne265 (Bulletin Ne2 from 25.07.1994)

Distributed under creative commons license 4.0

“Porog-NT” Patent of Ukraine Ne53743 (Bulletin Ne2 from 7.02.2003)

Figure 2. Noise generators with low-intensive output
signals, positive flow “Porog-VT” and negative flow “Po-
rog-NT”

2.2 Metrologic Apparatus Software and Technolo-
gies of Low-Intensive Microwave Therapy

One of the problems to be solved in quantum medicine
technologies are providing metrology and inspection of
the equipment attribution during its operation.

It should be noted that the lack of standard tools for
measuring such small capacities does not allow to provide
metrological support the equipment for quantum medicine
and for biomedical research in the millimeter wavelength
range !,

Radiation of the ultra-low levels is monochromatic so
noise signals are used in the new microwave technologies.
The minimum values of integral power of monochromatic
signals can be 107°-10"°Wt (eg, ,ARIA-SC, AMPT-02),
and the power spectral density of the noise signal is 10™-
107'Wt/Gz (“Porog -3”, “Porog-VT” , “Porog-NT”, “Co-
vert-01”"). To measure such power levels it is necessary
to radiometric sensitivity setting was at least an order of
magnitude higher, and the measurement accuracy is not
worse than the standard equipment of the same long-range
power, ie 10-15% %,

To solve this problem have been developed and cer-
tified by Standards Committee of Ukraine two highly
sensitive radiometric systems (RMS) with a modulation
transportation of the signal and sensitivity 0,5 « 10 W /
Hz in frequency bands 37-53 GHz and 53-78 GHz, which
provided Metrology maintenance and measurement of
specialized medical mm range equipment in Ukraine ',

2.3 Technologies of Therapy with Low-intensive
Microwave Signals. Peculiarities and Appliance
Fields of Millimeter Therapy

The use of mm-range signals in the practical medicine
stimulated the emergence of several types of medical tech-
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nologies that practically used . Classification of the main
technological directions of mm-range signals treatment is
shown in Figure 3.

Quantum
medicine technologies

Microwave
resonance therapy

(MRT)

Sitko - MRT Information - wave mm-range therapy

therapy

Figure 3. Classification of main technologies of quantum
—medicine

Despite the different names, these technologies have in
common is that their use of millimeter wave signals using
low intensity level reaches 10°°-10>' W / Hz cm” ",

The most common among these technology areas is mi-
crowave resonance therapy (MRT), which by order of the
Ministry of Health of Ukraine Ne 136 from 06.22.1989, is
officially recommended for implementation in the hospi-
tals of the country in separate MRT-cabinets . The use of
MRT is characterized by a general positive impact on the
functional systems of the human body, and therefore used
in various areas of practical medicine Figure 4 1.

; Practical medicine Chronie
Cardiology el I~ alcoholism
AL and narcotism

|
=

Orthopedics and -/ffr
S/

Digestive system

1 Urology
diseases

traumatology

Endocrinology

Oncology

Figure 4. Applications areas of Quantum Medicine

The most practical checking of the effectiveness of
MRT was conducted in such areas of the medical practice:
orthopedics and traumatology, gastroenterology, hematol-
ogy, oncology. Promising is the use of MRI in cardiology
in acute coronary disease - heart attacks, strokes and other
diseases of the cardiovascular system. The experience of
the Ambulance and infarction branch Department of the
National Medical Academy for Advanced Training on
over 100 patients in which MRT was used, along with the
use of pharmacological agents significantly improves pa-
tient's state: decreases blood pressure, decreases tachycar-
dia, stroke and minute cardiac output, as peripheral vascu-
lar resistance normalizes ”. The use of MRT dramatically
increases the effectiveness of pharmaceuticals.

The use of MRT in endocrinology at stages I-II of
diabetes mellitus and insulin-independent diabetes with

26 Distributed under creative commons license 4.0

manifestations of diabetic macro-and micro angiopathies,
polyneuropathy normalizes hemodynamic parameters
in the lower extremities, increased pulse blood current,
improves the conduction of nerve impulses in peripheral
nerves.

MRT is effective in treatment of pain and paraesthetic
syndromes in Dentistry. We have experience of good ef-
fect of MRT using in treatment of glossodynia (burning
mouth syndrome) and in neuropathy of inferior alveolar
nerve.

In addition, MRT gives a therapeutic effect without the
deductive use of drugs, which reduces the load side and a
negative impact on the patient of pharmatheutical therapy.
The method can be widely used in the hospital and in the
outpatient treatment of diabetes. The course of treatment
is 10-15 sessions duration of 30-50 minutes of MRT.

MRT provides high efficiency in the treatment of stom-
ach ulcers, enshrined on clinical examination in more than
6000 patients ', The results of MRT show favorably high
therapeutic effect - complete healing of gastric ulcers by
gastroduodenoscopy observed in 80-85% of patients.

The process of treatment (10-15 sessions) accompa-
nied by relief of pain syndromes, the normalization of the
secretory and motor functions of the stomach, decreasing
the concentration of hydrochloric acid and the volume of
gastric juice. Concentration of the adrenaline and cortisol
in the blood decreases, and levels of prolactin and aldoste-
rone increases, which ensures normalization of fluid and
electrolyte metabolism.

Promising is the use of MRI technology and Sit-
ko-MRT in the treatment of cancer patients in stage I1I-1V,
who received standard treatment *°!. If the cancer disease
is characterized by significant pain, which is facilitated
by the use or docked pharmaceuticals containing narcotic
substances with following violations the use of MRT al-
lows decrease the dose of narcotic medicines.

Quantum medicine technologies can be a good alter-
native to pharmacological methods of pain relief, with a
significant improvement in the “quality” of life. The ex-
ample of more than 40 cancer patients in stage I1I-IV who
received standard treatment and were treated at the Center
of quantum medicine “Vidhuk” (“Feedback”) ™ shows
that Sitko-MRT provides quick anesthetic effect, even for
a few minutes, common state of patients improves; after
treatment with MRT course of 10 — 20 sessions 85% of
cancer patients report decrease of pain during 10 and more
days . After using of MRT immune-modulating effect
was received: the amount and subpopulation correlation
of immunocompetent cells normalized, their functional
activity increased. In fact, MRT technologies effectiveness
does not yield to traditional medicinal preparations.
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Reliably recorded changes and the effects of the application
of microwave resonance therapy

4
»
Immune system Blood formula Fluid and electrolyte |

figures figures methabelism figures

J 1] J J

Normalization of the microelements lewels, repairing the acid-base balance (pH), gas exchange,
carbohydrate and protein metabolism figures improvement, ESR and lymphocytes decrease,
leukocyte formula and hemoglobin normalize

Bicchemical figures

Effects: temperature decrease, anesthetic, rejection of pharmaceuticals, improve hemodynamics

Figure 5. Effects of Quantum Medicine

At the last time diseases of bronchopulmonary system
become widespread. MRT can be a good assistant in the
treatment of nonspecific lung diseases with bronchial
obstructive syndrome because bronchodilator medicines
usage in great quantity can lead complications. MRT tech-
nologies allow receive positive effect without complica-
tions in acute and chronic bronchitis, pneumonia, asthma,
in breath insufficiency I-II stages. In these cases use of
MRT improve health in more than 80% patients simulta-
neously to abolition of pharmaceutical medicines.

The results of the use of MRI in some diseases listed in
the table 2 .

Table 2. There sultsof treatment by microwave resonance

therapy
Diseases Improvement(%) | Recovery (%)
Alcoholism 90 40
Aseptic necrosis of the femoral 08 60
head
Bronchial asthma 85 60
Bronchial obstructive syndromes 90 82
Vegetative and vascular dystonia 85 70
Gastritis, gastroduodenitis 95 89
Kids cerebral palsy 100 60
Osteochondrosis 94 70
Polyarthritis 80 67
Diabetes 80 63
Sores 92 68
Ulcer of stomach and duodenum 98 90
Other pathologies 60-95 35-90

It proved that the use of the MRT is quite promising in
the treatment of a wide range of diseases and helpful in
most of them.

Microwave therapy is widely used in various fields of
practical medicine as a separate type of treatment, or in
combination with other methods of influence on the pa-
tient.

Medical apparatus for microwave therapy is character-
ized by low output power (10°-10™"° Wt) and use mostly
37,5-78,3 GHz frequency range and is sufficiently safe for
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both the patient and for staff.

Further development of the considered therapeutic ar-
cas is possible through the creation of a new generation of
equipment that would provide feedback to the patient and
self-adjusting output parameters, as well as mastery of
higher frequency millimeter range waves.

2.4 Scientific Directions of Low-intensity Elec-
tromagnetic Fields and Radiation of Millimeter
Range Researches

Thus, the development and deepening of biomedical re-
searches and technologies require the creation of highly
sensitive radiometric equipment using new achievements
of microwave technologies and element base and explor-
ing possible directions for its use.

Promising is the use of radiometric instrumentation for
early diagnosis of diseases associated with the presence
thermal irregularities in humans, as well as for the study
of electromagnetic fields and radiation (EMR) of the bio-
logical objects and of the human body characterizing the
exchange of information both within the living organism
and with the external environment.

Early diagnosis and measurement of thermal irregular-
ities within the human body (at the (50-80) mm of depth)
is possible with the radiometer operating at low frequen-
cies, (0.9-1.5) GHz, and the sensitivity of such equipment
should be at the level of (107 - 10'%) Wt.

The research of natural electromagnetic fields and ra-
diation and their interaction with the environment also
requires the development of radiometric equipment with
the sensitivity of the order of (10™* -10"°) Wt, depending
on the range of operating frequencies.

Given the above, a classification of medical and bio-
logical problems that can be solved with the use of micro-
wave radiometry equipment was developed Figure 6.

| Radiometry in medico-biological applications ‘

= S N, e

Metrological ensuring of Investigation of the
specialized microwave interaction of external
equipment parameters EMR and bioobjects

measurements

Measurement of the
parameters of own
bioobject EMR

Radiovision and
radio-thermometry

=(0,9+1,5) GHz
Jr=(53+110) GHz
AP=(10"710"¢) Wt

f+=(0,5+300) GHz
AP=(10"+10""7) Wt

£5=(0.5+110) GHz
/=(0.5+300) GHz AP=(10-2+10") Wt

AP=10""Wt

Figure 6. Classification of radiometric problems in the
medical and biological applications

Analysis of the Figure 1 data shows that, depending on
the task of the biomedical applications, operating frequen-
cy range of radiometric equipment can vary from a few to
hundreds of gigahertz, and the sensitivity — from 10" to
10" Watts.

Implementation of structural schemes of radiometric
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equipment such sensitivity is usually performed using the
compensation, correlation or modulation method of trans-
formation of input signals ™*.

Promising direction to use the microwave radiometric
equipment is studying the parameters of own electromag-
netic radiation (EMR) of living organisms.

Figure 7 shows the classification of the possible param-
eters of bio object own EMR, measurement of which can
be performed using radiometric equipment.

Study of the Parameters of own EMB Study of EMB
reaction 1 Of bio object 6 Spectra

(resp } to the Ps o= f(10)
external

P=f(Pou)

L\

Analysis of auto and Measurement of the
cross correlation EMR parameters of
functions organs, cells, DNA

R, Paylt, tH1) Py, Ry, Puy, Psn

Power,
temperature

P=f(T)

Bioinformatics
component

APy, APwi, APy

Figure 7. Classification of measuring tasks in the study of
the bioobject own EMR

For reliable signal recording the sensitivity of such cir-
cuits, operating on the difference signals, should be at the
level (10"°-10"%) Wt.

Another area to use radiometric equipment when ex-
amining biological objects own EMR is to measure the
correlation characteristics of the radiation.

Radiothermal radiation, which is formed in equilibrium
processes has a noise character, and its intensity is pro-
portional to the temperature of the object 7. Bioinformatic
(non-thermal) radiation at the cellular level, which is de-
termined by the non-equilibrium processes and provides
synchronization of the body is deterministic. Due to the
small size of the cell the energy density EMR already at
a short distance from the biological object is reduced in
many times, besides this reduction is accompanied by sto-
chastization of the radiation. The total radiation of a living
organism can be represented as a superposition of a deter-
ministic and noise signal

Us =0, 0 +U; (1) O]

Registration of the deterministic weak signal Uw(t)
against a background of strong noise signal Uw(?) is a dif-
ficult technical problem, the solution of which is possible
only with the use of specialized highly sensitive radiomet-
ric system that measures the autocorrelation function.

Register autocorrelation function opens the possibility
of identifying deterministic processes that can be masked
by noise and thus to identify the source of bioinformatic
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radiation of the living organism.

An important parameter may be the cross-correlation
characteristics of the two signals, providing registration of
distribution (location) of the deterministic signal on those
or other bio object areas.

Measurement of inter-correlation function allows ex-
ploring the gradients of temperature fields in the presence
of selected sources in the bio object body (local thermal
irregularities). Sensitivity of such RMS must be on the
level of (10™° - 10™7) Watts.

Temperature anomalies in alive organism arising from
tumors, trauma, inflammation, etc. strongly influenced the
frequency features of EMR. Localization of the thermal
irregularities sources may be at different depths from the
body surface. Emission wavelength varies depending on
the depth of its occurrence. Therefore, recording the fre-
quency dependences of the intensity of EMR can detect
and localize thermal irregularities sources in the human
body.

Shape of the curve in the coordinates of frequen-
cy-voltage U=f (w) provides information on the nature of
the thermal irregularities and temperature gradient inside
the object. Intensity on the frequency coordinate allows
determining the depth of the source of thermal radiation.

One example of the use high-sensitive radiometric
system is conducted by the authors "'V studies the elec-
tromagnetic characteristics of dental materials, in order
to determine the parameter which would provide a more
accurate identification (compatibility, matching) with the
natural tooth material.

These dental materials were studied: Sample Nel —
based on resorcin-formalin mix material Foredent (SPO-
FA, Slovenia), sample No2 — glass-ionomer cement Endi-
on (VOCO, Germany), sample Ne3 — Zinc-oxide-eugenol
material Endomethazone (Septodont, France), sample
Ned4 — polymer cement AH Plus (Dentsply, USA), sample
Ne5 — light-cured composite Spectrum (Dentsply, USA)
(shade A3,5), sample Ne6 — self-cured composite Com-
polux (Septodont, France), sample Ne7 — glass ionomer
cement Cavitan — plus (SPOFA, Slovenia); sample No
8 — natural tooth material (enamel), Ne 9 — natural tooth
material (dentine), Ne 10 — porous osseous tissue (cross
section).

Samples NeNel-4 represent materials used for root ca-
nals sealing, thus received in study data were compared
to the similar data for dentine (sample Ne 9), which they
contact with. Samples of materials NeNe 5-7 use for tooth
surfaces restorations so their properties were compared
with dental enamel (sample Ne 8), too.

During the experiment, the intensity of each material
radiation was tested at a temperature of 37°C, the level of
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which was recorded by approved measuring setting HY-2
with sensitivity of 1-10™"* W at a frequency of 52 GHz.

According to the conducted measurements, the radia-
tion power of the considered number of dental materials
was concentrated in the range of (1,8-3,1)+10™"° W/cm®.
Identification was carried out by comparing the greyness
coefficient of materials, which is calculated according to
the formula

ﬁ:IT/IAqT, (2)

where I;— measured power of the studied material; Zur
— the intensity of blackbody radiation at the same tem-

perature, calculated by the formula Rayleigh-Jeans.

! ygr = B(f/c) kT, 3)

where k& — Boltzmann constant, 7 — temperature, f —
physical body grayness ratio, f— radiation frequency, ¢ —
speed of light.

The results of the measurement and the calculation of
the grayness coefficient of the material are presented in
the on Figure 8.
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Figure 8. The factor § of dental materials samples NeNol-
10.

Identification of the grayness coefficient values gives
deviation 38.0% of the materials paired NeNe 4 and 9, and
7.6% in the pair NeNe 1 and 9 used in root canals seal-
ing, and from 0% in the materials paired NeNe 5 and 8 to
10.8% in a pair NeNe 6 and 8 — in the materials are used to
filling the tooth surface.

Therefore, the preference should be given to matching
materials. In addition, such verification is promising in the
development of new dental materials.

Conducted studies allow to make some conclusions:
(1) Alive organisms are characterized by large set of pa-
rameters of their own microwave EMR; its measurement
and study contributes not only to deepen the knowledge of
living objects, but also the development of new diagnostic
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and treatment methods.

(2) Radiometric methods and tools have great potential
for solving of practical and research problems in biolo-
gy and medicine - metrological provision of specialized
equipment, diagnosis of the state of alive organism, the
study of the own microwave EMR parameters and their
relationship with the environment.

(3) Radiometry use in biomedical applications due to
the need for fluctuation sensitivity to the level (10™°-10°
'™y Wt, which is a complicated technical task requiring its
decision to create new options for highly sensitive radio-
metric equipment.

(4) The proposed technical solutions, while providing
the required sensitivity, extend the functionality of radio-
metric equipment, in relation to the objects of wildlife and
humans.

2.5 Natural Sources of the mm-range Irradiation
and Using Peculiarities in Physiotherapy

Using low- intensive signals of the mm-range is effective
enough in many areas of practical medicine - orthopedics,
neurology, endocrinology pulmonology and other branch-
es and technologies of physiotherapy. At the same time,
along with specialized medical equipment, the materials
and objects of natural origin are widely used in different
technologies of the physiotherapy. First of all, these ma-
terials include primarily mineral wax, mud, paraffin, salt
and a wide range of minerals used in lithotherapy !"*.

The study of electromagnetic microwave fields and
irradiations (EMR) of the minerals conducted by authors
(1314 confirmed the presence in the spectrum signal
components of the millimeter range, which can be used
as a therapeutic component when minerals are heated to
therapeutically acceptable temperatures (40-50) °C. In
the course of the studies were selected minerals with
high emissivity which include jade, agate, onyx. When
the human body temperature is 36 °C the radiation level
of these minerals is greater than the level of human body
emission that promotes positive flow of EMR. Also were
found minerals that at this temperature have less radiation
level, thus in this case negative flow of EMR forms.

For the first time negative flows of the mm-range
waves were recorded and studied by group of authors .

Considering these features authors ' proposed a heat
generator with reversible temperature control and ap-
propriate formation of various streams EMR. Effective
enough action of the negative flows confirm laboratory
and clinical researches conducted at the R.E. Kavetsky In-
stitute of Oncology (NAS of Ukraine) and Research Cen-
ter of Quantum Medicine (Ministry of Health of Ukraine),
as reflected in treatment technology, approved with patent
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% In vitro studies show the inhibition (for 27.4%) of
model “Sarcomas C-37” in laboratory animals when they
were irradiated with negative flows. The positive flow ac-
celerates (for 13,5%) tumor growth.

The effectiveness of natural materials using for Physio-
therapy is explained mainly by heat and warming the re-
spective areas of the patient's body. They don’t take into ac-
count that during heating these materials emit a wide range
of radio-frequency signals "', The therapeutic total
effect will consist of thermal and microwave components,
and therefore more in-depth study of the structure of natural
materials signals for Physiotherapy is an urgent task.

2.5.1 Research EMR Natural Treatment Formula
for Physio Procedures

To study EMR properties of the natural mixed materials
were chosen commonly used for the Physiotherapy ma-
terials - ozokerite (Borislav deposit, Lviv region.), mud
(Mykulyntsi, Ternopil region.) crystalline salt (Artemivsk)
and paraffin as a component of therapeutic compounds "'\

Emissivity of the slice of wood (ash) and a fragment of
bone were also examined for comparison records. Ozoker-
ite has a high heat capacity and low thermal conductivity
with the possible temperature to use in thermal applica-
tions 40-50° C. It includes paraffin, ceresin, as well as in
the composition of the curative mud - biologically active

the palm of the person, even at a temperature (31°C),
significantly lower than the temperature of the heated
material (40°C), is greater in 2 times compared to pure wax
and in 4 times in relation to the treatment mix mud and
paraffin.

Analysis of the results shows that along with warm-
ing ozokerite and mud applications (creation of positive
flows) a microwave component is formed which creates
“negative flow” in relation to the patient's body that can
reduce pain syndromes with excess temperature. Paraffin,
which added to the ozokerite and mud in the preparation
of therapeutic mixture to stabilize it, reduces the emis-
sivity of the mixture in the microwave range, the value
of which depends on the percentage of components. This
ratio can adjust the “negative” flow, adding to the mixture
a higher percentage of paraffin, and therefore the effec-
tiveness of pain syndromes treatment increases. The same
ability has salt and solutions based on it (salt applications,
baths, etc.), in opposite to wood and bone that have a
higher level of radiation than the human body and form
towards it EMR positive flows.

The dynamics of change of the material proper EMR
when it cooled from the maximum heating temperature used
during the procedure (50° C) to body temperature (controlled
palm point) was also investigated. The graph showing the
integrated power change is presented in Figure 9.

substances. As a result of measuring in the frequency PW/emf y
f =45ITy the following values of the irradiation samples ),/?/
were obtained. They are presented in Table 3. 810" = =
— & ok
. . . -13 . AL )
Table 3. EMR properties of the natural mixed materials 6x10 —=
e
g Sagd e g “3
Studied sample The value of power (W/s%) B 4x10713 |t
. -13
Ozokerite(pure) 1,810 0,1 Ix10-13 ) =
5 g
Themud (pure) 1,6:10™" 0,08 "‘;1
30 35 40 45 50 t°C
Paraffin (pure) 1,05-10™ 0,05
Figure 9. The graph of the integrated power changes
Paraffin+ mud (used) 0,5-10™" 0,02
Note: 1 —human body; 2 —ozocerite mix; 3 —mud with added paraf-
Wood 6-10" 0,3 fine; 4 —paraffine; 5 —mud (pure); 6 —wood; 7 —bone.
Gl 210" o1l The level of the human body emission for the tempera-
alt WA : , .
ture control points 31°C, 40°C and 50°C was calculated
Manhand (t,=31°C) 4-10" 0,21 using the Nyquist formula
Bone 6,8-10™" 0,35 P=kTAf (4)

The process of measuring the values of irradiation pow-
er was conducted using certified radiometric system with
sensitivity 10™"* Wt, which makes it possible to confidently
talk about the accuracy and reliability of the results.

Table 3 shows that the radiation level of the areas of
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where Af = 10° Hz - analysis band of highly sensitive
radiometric system.

For point 31°C the calculated value is 4.18 10™° W/cm®
which is different from the measured less than for 5 percent,
which is suitable for microwave measurements and verifies
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measurements certainty well. The human body radiation lev-
els were calculated for temperature 40°C and 50°C similarly.

From the studies of the EMR of medical materials us-
ing for physio procedures the following conclusions may
be done:

(1) Effective use of natural materials in the thermal
physiotherapy should be associated not only with the pres-
ence of infrared components, but as studies have shown
with the presence of microwave component, which has a
significant impact on treatment outcome.

(2) Microwave EMR of the studied therapeutic materi-
als has negative flow in relation to the human body, which
creates the effect of “selection” of energy at local inflam-
matory processes.

(3) Using a material with low radiating ability (paraffin)
mixed with the main component (ozokerite or mud) can
not only stabilize the therapeutic mix, but also adjust the
power of the negative flow.

(4) It should be noted also that human bones have high-
er levels of microwave radiation component, compared
with soft tissue and are a kind of microwave generators
that stimulate the cells of our body.

2.5.2 Research EMR minerals and Precious
Stones

In folk medicine for the treatment of certain diseases dif-
ferent gems and minerals are using, too.

The research results presented in ' confirm the differ-
ence of the electromagnetic activity of gems and minerals
from other bodies creating in this way the possibility of
their use for medical purposes. Measuring the level of
EMR of the gems and minerals was performed at the fre-
quency of 60 GHz and the temperature of 37°C, which
corresponds to the upper boundary of the normal human
body temperature.

Figure 10 shows the intensity distribution of various
minerals.

The radiation
4B T ievel
13

3
1[12|3,4,5|6,7, 8,9, 1011, 12|13, 14|15 |16, 17, 18[13 |20 2122

Object

Figure 10. Emittance distribution of minerals and other
materials

The radiation level of minerals is given in columns di-
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agram. Minerals were assigned to the following digital in-
dexing: jade - 1, onyx - 2, agate — 3, coquina (shell rock)-
4, big femoral bone — 5, amethyst - 6, amber - 7, jasper -
8, pyrite - 9, small bones - 10, quartz ( single crystal) - 11,
chalk - 12, sulfur - 13, fluorite - 14, flint - 15, amazonite
- 16, rhinestone - 17, calcite (feldspar) — 18, topaz - 19,
morion (quartz) - 20. Under number 21 denotes the level
of human palm radiation and column under number 22
characterizes the position of the electromagnetic proper-
ties of the water at a temperature of 37°C.

The listed minerals can be divided into two groups ac-
cording to their microwave EMR levels - greater or less
than proper human body EMR at the normal temperature
(36-37°C). It reflected on the Figurel0 with a dotted line.
Minerals with a larger radiation are jade, onyx, agate, am-
ethyst, amber, jasper. In the thermal contact with a human
body these minerals generate a microwave signal, which
is redundant to human skin, and it is completely absorbed.
Thus, these minerals provide “recharging” the energy in
the case of continuous wear them on the human body.

The second group of objects contains minerals such as
sulfur, fluorite, silicon, amazonite, rock crystal, calcite, to-
paz, morion. When these minerals are heated to the body
temperature the radiation level is below the person's own
radiation and they provide the absorption of the human
microwave energy in thermal contact with the human
body. In some minerals, such as chalk and a single crys-
tal of quartz, almost the same with the person’s level of
radiation was recorded, so they are balanced (neutral) in
electromagnetic respect.

It should be noted also that the electromagnetic activity
of “big”and “small” human bones is significantly higher
than radiation intensity of the skin, as well as water as a
main component of a living organism. A similar situation
is with coquina (shell rock), which is mineral residue of
biological objects - its EMR intensity is also higher than
the body, especially the human palm.At the same time the
structure of coquina and of the bone is different.If seashells
are formed by deposition of calcium flat layers, some hu-
man bones have pipe shape. This provides the effect of
some kind of resonance. The presence of calcium in the
bones and coquina, despite structural difference, provides
a high level of EMR. The positive effect of calcium on the
radio- and thermal activity is also confirmed by the analysis
of the chemical composition of minerals - jade and onyx,
in which fixed the maximum intensity of the radiation and
which contain a significant percentage of calcium.

Thus, living beings bones provide significantly greater
level of radiation compared with surrounding soft tissues,
obviously performing the function of thermal generators
of the mm-range microwaves and play an important role
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in the external electromagnetic fields (EMF) influence on
living organism.

Based on the results of experimental radiometric stud-
ies of physical bodies in mm-wave band it can be stated
that in the simulated temperature gradients that actually
occur in the natural environment, electromagnetic fields
and radiation of mm-radiation are generated. The sources
of these emissions are the various physical bodies and
the environment (water, soil, stones). Similar EMFs are
formed around human and living beings.

As can be seen from Figure10, nephritis has significantly
higher levels of radiation (13.5 dB) than human skin (7 dB),
and quartz (morion) EMR level is slightly below the water
data. A possible cause of increased level of radiation in the
past three objects is the presence calcium salts in the human
bones, shell rock and nephritis (for example, in bones - cal-
cium phosphate Ca,;(PO4),). It is known that Ca atoms are
responsive actively to thermal impacts. The mean square
displacement of Ca atoms during thermal oscillations is
equal to 0.114 4 "7, By the reaction on thermal influence
Ca takes place among such active elements as Li, Na, K,
Rb and Cs, some of which (K, Na, Ca) are commonly used
in biological objects during their life support. Obviously the
raising of the radiation levels of the considered elements
(bones, jade and shell rock) is associated with an increased
rate of theirs greyness coefficient 5. Human bones are the
kind of generator and a waveguide of the microwave oscil-
lations and provide irradiation and transmitting the electro-
magnetic waves inside a biological object, in contrast to the
human skin, which absorbs low-intensity mm range signals.

Considered the listed above, the reaction of the human
body on the external low intensity microwave radiation
was studied.

Figure 11 is a diagram showing the distribution of rela-
tive absorbance abilityofthe biological object K accord-
ing to the irradiating signal /-level and the level of the
object own radiation /y at a resonant frequency

I
K, =101g°¢ dB, Q)
10

where 1o =1y +1j, and ) — the level of the object own
radiation and /g — the level of the reflected signal.
Considering meaning /, equation (4) can be written as

IC
L+1°

Ky =101g dB. (6)
Increasing capacity of the irradiating generators with-

in1-107'< 7, <1-10"° W/Hz at selected frequencies leads
to full absorption of the acting signal (AB portion of Fig-

ure 11).
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Figure 11. Distribution of the human palm absorbance
ability in contact with the positive and negative EMR flows

At further increase in capacity /~> 1-10™" W/Hz the
reflected signal appears, which characterizes the saturation
effect of the treated area (BC in Figure 11) of the skin. In
this case, the reflection component /j increases, and the
resulting bioobject radiation 1, is relatively increased with
the coefficient K decreasing (Figure 11).

Physical reduction of absorption, in our opinion, is
connected to the saturation of the upper energy levels of
biomolecules and the lack of free carriers that can absorb
EMR photons. A further increase in the irradiation power
(up to the appearance of thermal effects) favors a slight
increase in absorption. Thus, living beings show the dos-
age ability to absorb mm-band EMR ",

Note that the slope of increase of the reflected power
exceeds the rising slope of the irradiation power. As a re-
sult the saturation occurs with the characteristics curvature
on the section BC (Figure 11). Based on the experimental
data ©' and the distribution illustrated in Figure 11, it can
be concluded that the dynamic range of the bio object
absorptive capacity in levels that exceed its own level of
radiation, is 15-20 dB. By the way, about the same level
of microwave radiation has a wormwood cigarette, which
is used in Chinese moxi bustion. Levels of capacity placed
on the intensities axis at the right of the point A, create a
positive flow of EMR comparing to own biological object
radiation, and placed on the left - negative flow ™',

In studies ! the results of experiments on the effects
of positive flows of EMR, which are used for the con-
struction of the ABC distribution area (Figure 11) are
listed. Experimental verification of the negative EMR
flows impact was carried with power levels about 10-15
dB lower than the power level of self-radiation (AD site).
A further power reduction of the negative flows source
(generator), and experimental verification of distribution
represent a significant technical challenge that requires
further additional research.

At the same time, as shown by laboratory and clinical

DOI: https://doi.org/10.30564/jhp.v1il.1453



Journal of Human Physiology | Volume 01 | Issue 01 | June 2019

studies ") medical devices on the negative flows are very
effective method for use in a variety diseases with the
manifestation of “syndrome of excess”, especially with
pain syndromes - dystrophic lesions of the joints and
spine: arthrosis, arthritis, osteochondrosis. Positive chang-
es in patients with bronchial asthma and chronic obstruc-
tive bronchitis, in some number of cancer patients were
noted also. From the above we can conclude:

(1) Using a RMS to assess the objects absorbance abili-
ties allow significantly reduce the levels of irradiating sig-
nals that reliably analyzed and are 1-10"*-1-10™* W/Hz for
monochromatic and 1-10*- 1-10** W/Hz for noise signals.

(2) The absorbance and reflection abilities of living
organisms has a pronounced non-linearity with respect to
the level of exposure.

(3) Analysis of experimental data of the biological
objects absorbance ability shows that the human body re-
sponds to the signal level, which differs in 2-5 times from
its own radiation.

(4) Substantial (in 10-100 times) increase in intensity
leads to reflection of the illuminating signal power which
indicates the protective properties of living organisms.

2.5.3 The Study of Electromagnetic Parameters of
Textile and Leather for Clothes and Shoes Manu-
facturing

Measurement of weak EMF via RMS opens up the possi-
bility of studying the interaction of human own field with
textile and leather materials which are used for clothing
and footwear manufacturing .

Methodology of the experiment: the studied materials
were heated in an oven at a temperature of 36.0 = 0.5°C,
which corresponds to the average human body tempera-
ture at the comfortable climatic conditions, and then their
radiation was measured. Evaluation of the emissivity
was carried out using the RMS at a frequency of 52 GHz.
The results of experimental research textile materials are
shown in Figure 12.).
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Figure 12. Distribution emissivity of textile materials for
clothes
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Note: 2 - nutriafur, 3 - foxfur, 4 - linen, 5 - sheepskin, 6 - cotton, 7 - glsin
(35%polyester, 65%cotton), 8 - glzel (65% polyester, 35% cotton), 9 -
100% polyester; the column 1 — show the mean data of the human body
irradiation.

Because of the intensity distribution (Im), it is clear
that natural materials (fur, cotton, linen) are closest to the
emissivity of the human body. Synthetic or mixed mate-
rials have significantly lower emissivity and, in fact, are
the source of electromagnetic negative flow, leading to
increased energy extraction from the human body surface.
At the same time, natural fibers help maintain the body
temperature, and are more compatible with the human mi-
crowave field; they weakened it less.

Separate studies were carried out to assess irradiative
abilities of the leather. During experimental studies of
leather samples checked: the proper microwave irradiation
at 36°C and radio transparency by two figures - delay and
bypass of the probing signal, which are difficult to define
in the technological cycle of leather.

Heating the leather sample to the temperature of the
human body, as seen from the formula (3), lead to the for-
mation of extremely low signal with intensity within 10°
" Watts. To register this signal RMS with a sensitivity of
10" Watts was used. The measurement results are shown
in Figure 13.
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Figure 13. Distribution of own radiation of skin samples

Note: Name of the leather samples: 1- goby; 2 - as; 3 - shark; 4 - croco-
dile; 5 - goats glazed kid leather (black); 6 - sheep (brown); 7 - pig leath-
er; 8 — pork leather; 9 - goats; 10 - sheep chevron; 11 - white sheepskin;
12 — half- sheepskin; 13 - black sheepskin; 14 — blue shark; 15- goats
glazed kid leather (brown); 16 - sheepskin (gray); 17- bull; 18- “fish”
dressed pork leather; 19 - bull; 20 - OPOEK elastic; 21- bullok; 22-
horse leather; 23- vymitka; 24 - Elastic grown-up; 25 - Elastic lot.
There are follow groups of leather samples for theirs
proper irradiation: with low intensity at the level 0.5 - 10°
" W/em® (samples 1 - 4); with intensity about 1-10™" W/
cm’ (samples 5-16); samples with emissivity banding 1.5-
2.5 W/em® (17-23); and samples of leather with elastic
dressing which have radiation intensity more than 3-10™"

W/em® (samples 24, 25).
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Considering the compatibility of the leather samples
with the human body skin, which has the radiation level
about 3.5 - 10" W/cm®, materials with higher level of ir-
radiation have the benefits.

Measuring procedure of the radio transparency (Fig-
urel4) was performed as follows. At the beginning signal
from the approved reference oscillator of low intensity
noise G (10" - 10™° W/cm®) by transmitting X, and X, re-
ceiving antenna was directly measured by RMS. ).

A <

Figure 14. Scheme to study radio transparency of leather
samples

Then the leather sample was placed between antennas
and power that passes through it was measured — P,,.

Power that delay or reflect by the leather sample deter-
mined with ratio

P

abhs

=P

ot

- P in > (7)
where P,,, — power on the output of the transmitting an-
tenna X1, P,, —power on the inlet of the receiving antenna
X2.

For skin thickness in the range of 0.1 to 3 mm the
absorption and radio transparency is almost at the same
level, despite the low level of the probe signal (1-10™"° W
/ em®). Dispersion of the figures of absorption and radio
transparency does not exceed 15%.

Thus, the study of microwave properties of leather
samples for light industry showed the possibility to evalu-
ate some of its parameters with radiometric control meth-
od. It’s enough to assess its suitability for quality manu-
facturing a particular type of footwear and clothing for the
population.

In addition, the devices of high sensitivity are neces-
sary to measure the thickness and density of the leather,
its moisture and the presence of hidden defects.

3. Future Areas of Research Intensive Low
Signals in Biology and Medicine

Creating radiometric systems with sensitivity of 10™ to
107 Watts enhances the research of weak fields and radia-
tion from alive and inanimate objects. The main directions
of promising scientific research using highly sensitive ra-
diometric systems are:

(1) study the dynamics of natural radiation the human
body during his life;
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(2) evaluation of correlations between the various pa-
rameters of the human body;

(3) study the electromagnetic properties of water and
aqueous solutions as key components of the human body;

(4) measuring proper electromagnetic radiation of bio
objects, materials and substances that come into contact
or are close to human and can affect it.

Application problems that can be solved by using high-
ly sensitive RMS include:

(1) measuring the level of radiation of bone and tooth
tissue and it substitutes for the identification and assess-
ment of electromagnetic compatibility with the human
body;

(2) assessing the compatibility of textiles with the hu-
man body and their comfort considering electromagnetic
properties;

(3) measuring the emissivity of precious minerals and
stones so as products with them;

(4) assessing the possibility of the registration of im-
purities in dielectric materials for their emissivity;

(5) carry out the flaw of dielectric materials and estab-
lishing correlation between radiation and the presence of
defects (cracks, irregularities included).

During radiometric studies a number of features associ-
ated with the body and properties of some materials were
revealed:

(1) theproper radiation of the human body is within
1-10*- 1-10”W/Hz ecm” ;

(2) thelevel of radiation an individual organism is con-
stant, which is determined by the intensity of its cell me-
tabolism and skin temperature. In fact, this level describes
“electromagnetic homeostasis” of the living organism that
is disturbed in diseases, stress conditions, which can be
used as diagnostic sign;

(3) thecorrelation coefficient between the level of ra-
diation and temperature of the body part is situated in the
limits 0,85-0,87;

(4) registered experimentally sensitivity of the human
body to external EMR ~ 1 « 10*° W/Hz. About this level
of radiation has wormwood cigarette (moxa) used in Chi-
nese medicine;

(5) the level radiation of the osseous tissue (bones,
teeth) more than the radiation level of the soft tissues at
the same temperature, and in fact, the bones are natural
generators of microwaves, tanning surrounding cells of
living tissues;

(6) testing the interaction of various bone and dental
implants, garments items, jewelry and other materials and
comparing it with the human body showed that the most
consistent are the physical bodies with radiation close to
the human body emission.

DOI: https://doi.org/10.30564/jhp.v1il.1453



Journal of Human Physiology | Volume 01 | Issue 01 | June 2019

Acknowledgements

The author wishestothank:

prof., DPh Sitko S.P. — founder of the mm-therapy di-
rection in Ukraine- for support of hard ware implementa-
tions of mm-range medical devices;

assoc. prof., PhD Peregudov S.M. — for the develop-
ment of noise generators, participation in experimental
and theoretical studies;

PhD Fedotova 1.V. — for provide in the statistical data
on treatment out comes of some diseases and participating
the discussion;

assoc. prof., PhD Golovchanska O. D. — for providing
dental materials, participation in experimental and theo-
retical studies and assistance in preparingthis material.

The author notes (posthumously) great contribution
prof. Skrypnyk Y.O. and its active participation in the
development of highly sensitive radiometric mm-range
systems to measure low intensive microwave signals and
devices for medical use.

References

[1] Sit’ko S.P. eds., Skripnik Yu.A. and Yanenko A.F..
Apparaturnoe obespechenie sovremennykh tekh-
nologii kvantovoi meditsiny [Instrumental provision
of modern technology of quantum medicine]. Kiev,
FADA LTD Publ., 1999: 199.

[2] Sit’ko S.P. and Mkrtchyan L.N.. Vvedenie v kvant-
ovuyu meditsinu [Introduction to quantum medicine].
Kiev, Pattern Publ., 1994: 148.

[3] Frohlich H. Bose condensation of strongly excited
longitudinal electric modes / H. Frohlich // Physics
Letters A. 1968, 26(9): 402-403.

[4] YanenkoO.P., KutsenkoV.P., PeregudovS.M. Elek-
tronna aparatura likuvalno-dlagnostichnih teh-
nologiy: navchalniy poslbnik — Donetsk :IPShl Nau-
kaiosvita, 2011: 212.

[5] SkripnikYu.A., YanenkoA.F., ManoilovV.F., Kutsen-
koV.P. and GimpilevichYu.B.) [Microwave radiom-
etry of physical and biological objects]. Zhitomir,
Volyn’ Publ, 2003: 408s.

[6] Sbornyk metodycheskykh rekomendatsyy y norma-
tyvnykh aktov mykrovolnovo yrezonansnoy terapyy
/ Bynyashevskyy 3.V., Hrubnyk B.P., Derendyaev
S.A.y dr. — K.: Oberyh, 1997: 127.

[7] Yanenko O.P. Peregudov S.M. , Fedotova L.V.,

Distributed under creative commons license 4.0

GolovchanskaO.D. Eguipmen and technologies of
low intensity millimeter therapy Visnyk NTUU “KPI”
Seriya: Radiotekhnika. Radioaparatobuduvannya,
2014, 59: 103-110

[8] Yanenko O..P. Microwave radiometryin medico-bio-
logica lapplications Visnyk Ternopil’s’koho natsion-
al’noho tekhnichnoho universyteta, 2014, Ne4 (76):
155-163

[9] Yanenko O.P. Microwave Radiometry in Biology and
Medicine: Structural Solutions opportunies and Pros-
pect, 7 European Congress for Integrative Medicine ,
Belgrade, Serbia, 2014.

[10] Yanenko O.P., Peregudov S.M., Golovchanska O.D.
Sposib vymiryuvannya elektromahnitnykh syhnaliv
ta identyfikatsiyi stomatolohichnykh materialiv. Pat-
entUA Ne.49357 Opublik.11.08.2008 Byul. Nel5.

[11] A.Janenko, S.Peregudov, A.Politun, O.Golovchanska.
Evaluation of irradiative abilities of dental materials.
Materials of the 9th World Endodontic Congress.
Tokio, Japan. 2013, 23.05-26.05.

[12] Nikolova L.. Spetsial’ nayafizioterapiya [Special
physiotherapy]. Sofiya :Meditsina I fizkul’ tura Publ.
1983: 433.

[13] Yanenko, A. F., Movchanyuk, A. V. and Vinokurov, V.
S.. Research of a radiate ability of minerals is for the
construction of microwave generators of the medical
setting. Visn. NTUU KPI, Ser. Radioteh. radioapara-
tobuduv., 2011, Ne.47: 158-164. (in Ukrainian)

[14] Yanenko O.P., Yavors’kyy B. 1., Tkachuk R.A.,
Rusynchuk V. P. . Osoblyvosti mikrokhvyl’ovykh
nyz’kointensyvnykh vyprominyuvan materialiv dlya
fizioterapevtychnykh protsedur. Visnyk NTUU “KPI”
Seriya: Radiotekhnika. Radioaparatobuduvannya. -
Ne 60 - K.: 2014: 114-121.

[15] Ponezha G.V., Sit’ko S.P., Skripnik Yu.A. and Ya-
nenko A.F.. Polozhitel’nye I otritsatel’nye potoki
mikrovolnovogo izlucheniya ot fizicheskikh I biolog-
icheskikh obektov [Positive and negative flows of the
microwave radiation from physical and biological
objects]. Physics of Alive, 1998, 6(1): 11-14.

[16] BundiukL.S., KuzmenkoO.P., PonezhaH.V., SitkoS.
P., Skrypnyklu.O., YanenkoO.P. Sposib mikrokhvy-
lovoi terapii [Method of microwave therapy]. Paten-
tUA Ne 59399 MKI A61N5/02 .Byul. Ne 9, 2003.

[17] Fiziko-khimicheskie svoyistva elementov //Sprav-
ochnik pod redaktsiyey SamsonovaH,B. — K.: 1zd.
Naukova dumka- 1965: 809 s.

DOI: https://doi.org/10.30564/jhp.v1il.1453 35



Author Guidelines

This document provides some guidelines to authors for submission in order to work towards a seamless submission
process. While complete adherence to the following guidelines is not enforced, authors should note that following
through with the guidelines will be helpful in expediting the copyediting and proofreading processes, and allow for

improved readability during the review process.
I . Format

e  Program: Microsoft Word (preferred)
e  Font: Times New Roman

e  Size: 12

e  Style: Normal

e  Paragraph: Justified

e  Required Documents
II. Cover Letter

All articles should include a cover letter as a separate document.

The cover letter should include:

e  Names and affiliation of author(s)

The corresponding author should be identified.

Eg. Department, University, Province/City/State, Postal Code, Country

e A brief description of the novelty and importance of the findings detailed in the paper
Declaration

v Conflict of Interest

Examples of conflicts of interest include (but are not limited to):

e  Research grants

e  Honoria

e  Employment or consultation

e  Project sponsors

e  Author’s position on advisory boards or board of directors/management relationships
e  Multiple affiliation

e  Other financial relationships/support

e Informed Consent

This section confirms that written consent was obtained from all participants prior to the study.
e  Ethical Approval

Eg. The paper received the ethical approval of XXX Ethics Committee.

e  Trial Registration

Eg. Name of Trial Registry: Trial Registration Number



e  Contributorship

The role(s) that each author undertook should be reflected in this section. This section affirms that each credited author
has had a significant contribution to the article.

1. Main Manuscript

2. Reference List

3. Supplementary Data/Information

Supplementary figures, small tables, text etc.

As supplementary data/information is not copyedited/proofread, kindly ensure that the section is free from errors, and is

presented clearly.
IIl. Abstract

A general introduction to the research topic of the paper should be provided, along with a brief summary of its main
results and implications. Kindly ensure the abstract is self-contained and remains readable to a wider audience. The
abstract should also be kept to a maximum of 200 words.

Authors should also include 5-8 keywords after the abstract, separated by a semi-colon, avoiding the words already used
in the title of the article.

Abstract and keywords should be reflected as font size 14.
IV. Title

The title should not exceed 50 words. Authors are encouraged to keep their titles succinct and relevant.

Titles should be reflected as font size 26, and in bold type.
IV. Section Headings

Section headings, sub-headings, and sub-subheadings should be differentiated by font size.
Section Headings: Font size 22, bold type

Sub-Headings: Font size 16, bold type

Sub-Subheadings: Font size 14, bold type

Main Manuscript Outline
V. Introduction

The introduction should highlight the significance of the research conducted, in particular, in relation to current state of

research in the field. A clear research objective should be conveyed within a single sentence.
VI. Methodology/Methods

In this section, the methods used to obtain the results in the paper should be clearly elucidated. This allows readers to be
able to replicate the study in the future. Authors should ensure that any references made to other research or experiments

should be clearly cited.
VI. Results

In this section, the results of experiments conducted should be detailed. The results should not be discussed at length in



this section. Alternatively, Results and Discussion can also be combined to a single section.
VIl. Discussion

In this section, the results of the experiments conducted can be discussed in detail. Authors should discuss the direct and
indirect implications of their findings, and also discuss if the results obtain reflect the current state of research in the field.
Applications for the research should be discussed in this section. Suggestions for future research can also be discussed in

this section.
IX. Conclusion

This section offers closure for the paper. An effective conclusion will need to sum up the principal findings of the papers,

and its implications for further research.
X. References

References should be included as a separate page from the main manuscript. For parts of the manuscript that have
referenced a particular source, a superscript (ie. [x]) should be included next to the referenced text.

[x] refers to the allocated number of the source under the Reference List (eg. [1], [2], [3])

In the References section, the corresponding source should be referenced as:

[x] Author(s). Article Title [Publication Type]. Journal Name, Vol. No., Issue No.: Page numbers. (DOI number)
XI. Glossary of Publication Type

J = Journal/Magazine

M = Monograph/Book

C = (Article) Collection

D = Dissertation/Thesis

P = Patent

S = Standards

N = Newspapers

R = Reports

Kindly note that the order of appearance of the referenced source should follow its order of appearance in the main manu-
script.

Graphs, Figures, Tables, and Equations

Graphs, figures and tables should be labelled closely below it and aligned to the center. Each data presentation type
should be labelled as Graph, Figure, or Table, and its sequence should be in running order, separate from each other.
Equations should be aligned to the left, and numbered with in running order with its number in parenthesis (aligned

right).
XI. Others

Conlflicts of interest, acknowledgements, and publication ethics should also be declared in the final version of the manu-

script. Instructions have been provided as its counterpart under Cover Letter.



BILINGUAL
PUBLISHING CO

Journal of Human Physiology

Aims and Scope

Journal of Human Physiology publishes original research papers that offers professional review and publication
to freely disseminate research findings in areas of Synthetic Biology, Cellular Diagnostics, Regenerative Medi-

cine, Tissue Engineering and more.

Journal of Human Physiology aims to discover innovative methods, theories and studies in its field by publishing

original articles, case studies and comprehensive reviews.

The scope of the papers in this journal includes, but is not limited to:

e Regenerative Medicine

e Cellular Diagnostics

e Endocrine, Nutrition and Metabolism

e Computational Physiology and Modeling
e Respiratory

e Reproduction and Developmental

e Neuroscience

e Imaging

e Tissue Engineering

e Disease Mechanisms

e Synthetic Biology

Bilingual Publishing Co. (BPC)
Tel:+65 65881289
E-mail:contact@bilpublishing.com

Website:www.bilpublishing.com



About the Publisher

Bilingual Publishing Co. (BPC) is an international publisher of online, open access and scholarly peer-reviewed
journals covering a wide range of academic disciplines including science, technology, medicine, engineering, education
and social science. Reflecting the latest research from a broad sweep of subjects, our content is accessible world-

wide both in print and online.

BPC aims to provide an analytics as well as platform for information exchange and discussion that help organizations
and professionals in advancing society for the betterment of mankind. BPC hopes to be indexed by well-known

databases in order to expand its reach to the science community, and eventually grow to be a reputable publisher recognized
by scholars and researchers around the world.

BPC adopts the Open Journal Systems, see on ojs.bilpublishing.com

Database Inclusion

EHAPSCI ] [@35%3%5 @@j @nciasy

R [ Sn iR B RIS e TR
Asia & Pacific Science . . China National Knowledge
. Creative Commons
Citation Index Infrastructure

GO C ngle ; Crossref MyScienceWsrk

scholar

Google Scholar Crossref MyScience Work



Aapc BILINGUAL
{i—T PUBLISHING CO.
Tel:+65 65881289
E-mail:contact@bilpublishing.com

Website:www.bilpublishing.com



