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Introduction

From individual discoveries to the once lost
and continuously slipping away concept of
the integrity of Nature.

There are several “eternal questions” that
Homo sapiens seeks to answer. Apparently,
the most vital question concerns the causes
limiting the lifespan of every individual,
or, in other words, the question of the
causes of natural death. The causes of death
in animals living in their natural environ-
ment are their enemies, diseases, and hun-
ger, i.e., practically none of them reach
the age when natural death occurs. Howev-
er, since the origin of civilization, humans
have more often been able to observe a
phenomenon defined by the word “aging”.
Historians note that since that time the
wish to extend the human lifespan arose,
i.e., aging was gradually considered to
be the cause of natural death. Currently,
the division of the causes of death into
two categories, i.e., death from external
causes, including diseases, traumas, hunger,
etc., and death from internal causes, pri-
marily aging, still holds, although these
concepts are usually described in another
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way.’ First of all, today, two values that
characterize the lifespan are strictly dis-
criminated: the anticipated duration of
life, or, to be less strict, the value of the
average lifespan; and the value of the max-
imal lifespan that 1is characteristic of
one or the other species, i.e., the species
lifespan.

In the twentieth century the average
lifespan increased greatly in industrially
developed countries, especially in the sec-
ond half of the century when mortality,
attributed to various infectious diseases,
decreased sharply. As a result, an increas-
ing number of people today reach the age
of 65 years and more. Thus, a new phenome-
non is gradually arising: a community with
a steadily increasing number of elderly
people. It would seem that the eternal
dream of prolonging life is gradually being
realized. Nevertheless, the social and psy-
chological results of this dream are not
that advantageous. As a matter of fact, the
number of people suffering from chronic dis-
eases, primarily cardiovascular diseases,
malignant tumours, and diabetes mellitus,
increases in parallel with the extension of
the average lifespan. These three categories
of diseases are the causes of death in 80
people out of every 100 adults who have
reached middie age; therefore, they are cur-
rently called the major noninfectious hu-
man diseases. Thus, the decrease in mor-
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tality in middle-aged and elderly people
has led to an increase in the incidence of
diseases. And what is more, the incidence
of dangerous chronic diseases has increased,
becoming a heavy burden for each indi-
vidual and for society as a whole. Society
has had to allot more and more material
resources for health care and social security;
however, in spite of the tremendous ma-
terial investments, the situation has not
improved. For example, in the USA the
total mortality from cancer increased by
94.7% in the period from 1962 to 1982;
the mortality per 100 000 people increased
by 25%; and the mortality calculated
by taking into account the changing age
of the population, by 8.5% (J.C. Bailar,
E.M. Smith. Progress Against Cancer? New
Engl. J. Med., 1986, 314, p. 1226).
Everyone is beginning to understand
that additional efforts are required to
change the situation. But, first of all, we
must learn why the major diseases emerge
and why they are progressively spreading.
Modern medicine gives the following an-
swer. All the known diseases, despite their
variety -and plurality, are engendered by
only two categories of phenomena: a) ex-
ternal damaging agents, including bacteria,
viruses, traumas, stress, -toxic substances,
(such as chemical carcinogens, i.e., chem-
icals producing cancer), radiation, hun-
ger, overnutrition, lack of vitamins, etc.;
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and b) genetic inborn defects, which, in
their turn, appear most often because
of the action of external damaging agents
such as toxic substances, carcinogens, and
radiation, on the organism. Thus, modern
medicine maintains that there are only
two reasons or two models for the origin
of diseases: ecological and genetic.

From this point of view all diseases
are random, i.e., they may or may not
affect the individual because the action
of external damaging agents is a random
phenomenon, although the probability of
this random event increases with aging of
the organism, primarily, as a result of
increased exposure to pathogenic agents.

Proceeding from this theory, it is be-
lieved that it is possible to spare people
these diseases, including the major nonin-
fectious diseases of modern times. To this
end, the external causes of each disease
and the “risk factors” that increase the
probability of the disease occurring must
be determined. Then either the external
harmful agents must be eliminated, or
their pathogenic effect on the organism
must be prevented.

In the 19th and 20th centuries these
ideas invariably led to the elimination
of various infectious diseases as the leading
causes of death, and then to the elimina-
tion of many noninfectious diseases, e.g.,
diseases caused by a lack of vitamins.
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Therefore, it currently seems that the mea-
sures based on the ecological and genetic
models will be able to prevent all diseases.
Accordingly, the average lifespan will in-
crease in parallel with the elimination of
the major causes of death of the modern
human. For example, it is estimated that
if cardiovascular diseases are prevented
in the USA, an increment of about 12
years will be added to the lifespan; and,
if cancer is eliminated, about two more
years will be added. Finally, if all the
causes of death due to diseases and acci-
dents are eliminated, people will be able
to live to about 100 years of age. Life
will end in natural death, i.e., death not
due to diseases but due to aging, which
gradually deteriorates all the physiological
indices of the organism. The rate of this
deterioration is frequently described by
estimations that were published in 1825 by
Gompertz, a British statistician who worked
in an insurance company. Gompertz
calculated that human mortality doubled
every eight years beginning with the age
of 30. As a result, the probability of dying
from any disease increases exponentially
with age. This increased vulnerability to
diseases is explained by the aging of the
organism, which annually loses, as it is
currently believed, from 0.8 to 0.9% of the
functional capacity that existed at the
age of 30 (Strehler and Mildvan, 1960).
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The role of diseases as the basic factor
for determining the average lifespan, and
the role of aging as a factor limiting the
species lifespan are frequently illustrated
by comparing two graphs (Fig. 1a, b).
Fig. 1a demonstrates the changes in the
survival curves in the twentieth century
in an industrially developed country. These
survival curves gradually approach right-
angled curves. This corresponds to a de-
crease in mortality in young and middle-
aged adults, which results in an increase
in the average lifespan in the twentieth
century. Fig. 1b illustrates a situation that
assumes the elimination of diseases as
the major causes of death. Under these
conditions, the lifespan of an individual
should approach the species lifespan, which,
according to the modern doctrine, is de-
termined not by diseases but by normal
physiological aging. In other words, the
modern theory of medicine predicts that,
in principle, it is possible to eliminate
diseases by following the traditional meth-
ods and, as a result, to make the average
lifespan approach that of the species life-
span.

As far as the possibility of expanding
the limits of the species lifespari is con-
cerned, it is believed that progress in this
direction will depend on whether or not
it will be possible to control the aging
process. From the author’s point of view



14 The Grand Biological Clock

this delimitation of diseases and aging is
the main mistake in the traditional theory
of medicine and, consequently, is the reason
that makes it impossible to free the process
of aging from associated, or, more precisely,
characteristic, diseases. And what is more,
the suggested traditional measures will
never yield positive results if the mechan-
isms of formation of the major noninfectious
human diseases, and, correspondingly, the
mechanisms determining the length of the
species lifespan, which the author has
described, are not taken into consideration.

Indeed, why do we age and is natural
death that is caused by debility without
complications due to diseases possible?
What determines the limits of the species
lifespan, and is it possible to increase
the latter? Finally, is it possible to retard
aging? For people of all times have always
dreamed of prolonging not life itself but
the period of youth, which is associated
with the blossoming of all the potentiali-
ties of the personality. According to var-
ious sources, as far back as the fourth mil-
lenium B.C. there was a mythological hero
of shummers who hoped to find plants that
could grant eternal youth.

The answers to all these questions are the
main theme of this book. It should be
stressed that the answers given here differ
substantially from the hypotheses and
theories on the causes of aging and nat-
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ural death that are found in the modern
litercture. Despite the variety of these
theories, they can be divided into two ca-
tegories: a) those that explain that aging
is genetically programmed; and b) those
that state that aging arises as a result of
the accumulation of stochastic events in
the body that are conditioned by impair-
ment of the cells, tissues, and systems
of the organism,

Certainly, protective systems that sup-
press the formation of free radicals and
repair the damage have evolved. A certain
acceptable balance between the extent of
the damage and the mechanisms for their
prevention and repair has been established
in each animal species. Accordingly, the
more actively one or the other protection
system functions, the greater the maximal
lifespan; this is clearly traced in such close
species as primates, including the human
(Cutler, 1980). However, the biological
systems of protection do mnot function
reliably enough to prevent all the damage;
therefore, it continuously accumulates in
the organism. Consequently, in this sense
aging begins simultaneously with the con-
ception of the individual. And what is
more, there is the permanent threat that
an impairment of the genetic apparatus
of the cell may cause its malignant trans-
formation (Chapter 10), or form an athero-
sclerosis obliterans (Chapter 9). Thus, along-
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side the ecological and genetic models of
the origin of diseases, it is necessary to
recognize the existence of the accumula-
tional model, according to which it is not
the external, but the internal, damaging
agents that are the cause of impairment
(Chapters' 6 and 12). In addition, the sto-
chastic accumulational mechanisms of aging
apparently participate in the formation
of other regular mechanisms of diseases
and aging that the author has described.
But, before discussing the nature of these
mechanisms, it is necessary to mention
the second traditional approach, wherein
aging is considered to be a genetically pro-
grammed phenomenon. Indeed, if aging
is genetically determined, then from this
point of view it would be most simple to
explain why each species, including the
human, has its own potentially maximal
lifespan, i.e., a strictly fixed limit. Thus,
this limit is greater in humans than in
higher primates, while in primates it is
greater than in rats, and so on. Hayflick
(1961, 1985) believes that these differences
are determined by changes that occur in the
genetic apparatus of each cell as a result
of which there is a limit that restricts the
number of potential cell divisions. And,
the greater the number of potential doubl-
ings of cell populations, the longer the
species lifespan. Hayflick’s limit is about
50 cell doublings for a human; about 10 for
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a rat; and about 80 for a tortoise. Though
Hayflick’s limit is never exhausted within
a species lifespan, the decrease in various
functional capacities of the cell correlates
with this limit, and, as it is believed, de-
termines the picture of aging. However,
objections on the basis of common evolu-
tionary principles can be made in regard to
all the variants of the genetically deter-
mined theories of aging.

In the light of evolutionary processes,
wherein natural selection is the key factor,
there cannot be any program or gene that
specifically provides for the onset of aging
or death. On the contrary, natural selec-
tion has always been directed towards ex-
tending the lifespan, i.e., the longer the
given specimen lives, the greater the prob-
ability of leaving more progeny, and,
consequently, the greater the probability
that precisely its genes, including the genes
that determine the capacity for a longer
lifespan, will accumulate in the population.
Hence, natural selection does not favour
aging. But aging exists in reality. When con-
sidering this contradiction, it is necessary
to explain, first of all, why the phenomenon
of aging has not been eliminated in the
process of natural selection. According to
the most elaborated evolutionary hypo-
thesis, aging is an inevitable, though an
indirect, consequence of natural selection.
In particular, Peter Medawar has shown
2—-0394
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that in the case of the accidental death
of animals on a large scale (which is observed
in real conditions), potential immortali-
ty gives such a population no advantages
as compared to a population with a finite
lifespan. Therefore, the pressure of natural
selection is directed towards optimization
(improvement) of only the periods of devel-
opment and reproduction of the organism
as applied to the habitat of one or the
other species.

It is also assumed (Williams, 1957)
that given the realization of these require-
ments, the onset of aging can be associated
with genes whose effect is favourable at
early stages of development (ontogenesis)
and in the reproductive period despite the
fact that their functioning causes distur-
bances at a later age. The presence of a
selection process that delays the manifes-
tation of the harmful properties of the
genes if these genes cannot be eliminated
is assumed by another evolutionary hypo-
thesis of aging (Medawar, 1952). In other
words, selection will always contribute to
greater viability in youth even at the cost
of an adverse effect during the subsequent
periods of life. The phenomenon of aging
is the result of this delayed (or pleiotropic,
i.e., producing many) effect.

The concept of delayed manifestation
of the impairing action of genes as a re-
sult of aging is considered to be very success-
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ful, because it describes the direction of
influence of natural selection and, at the
same time, explains the onset of aging
and natural death without tying them to
the concept of their being genetically pro-
grammed. However, the difficulties in ac-
cepting this hypothesis are associated with
the fact that what “switches over” the ac-
tion of the genes from a useful to an im-
pairing effect and when this occurs are
still unknown. Therefore, currently it is
believed that the genetic program is not
realized “from the beginning to the end”
but has a “beginning without an end”,
i.e., the cellular functions decrease or
stop more or less randomly like an acci-
dental breakdown of a new car which is poor-
ly repaired orlooked after (Hayflick, 1985).
Correspondingly, a combined hypothesis
is suggested that describes the destruction
of the genetic program as a result of the
accumulation of damage. In addition, it
is possible that the existence of the Hay-
flick’s limit is conditioned by the accumu-
lation of cholesterol in the plasma membrane
of the cells (Chapter 17), i.e., it has no
relation to the cellular program of aging.

At the same time, this author’s theory
makes the concept of the pleiotropic (dual)
properties of genes in explaining the ori-
gin of aging unnecessary because, according
to this theory, both effects (useful and harm-
ful) are the result of quantitative changes
2%
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in the same mechanism that at first sup-
ported realization of the developmental
program, and then transform'ation of this
program into a mechanism of aging and
disease formation. Thus, the pleiotropic
effect is realized without pleiotropic genes.
The new theory also explains why the
species lifespan cannot be a strictly fixed
limit and, on the contrary, should change
with the generations (i.e., in phylogenesis)
depending on the extent of the external
causes of death. This means that the limits
of the species lifespan can be increased by
directed medicinal measures.

This theory makes it possible to state
that there is no genetic program of aging
that leads to inevitable, i.e., natural death,
although this phenomenon arises with a
regularity characteristic of a genetic pro-
gram. Finally, the new theory demonstra-
tes that normal aging should always com-
bine with the onset of the major diseases.
Hence, the expectation that natural old
age can occur without diseases, i.e., the
expectation on whose basis, as we have
noted above, the future development of
medicine is prognosticated, is incorrect.
On the contrary, it is possible to eliminate
the major diseases only by taking control
of the mechanisms that lead to aging
and age-related diseases. To clarify at
least in the most general form what this
new theory is based on, it is necessary to
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recall one of the fundamental laws of bio-
medicine, formulated by Claude Bernard
(1869): the constancy of the internal en-
vironment, or homeostasis, (by W. Can-
non, 1929) is an obligatory condition for
maintaining the life of an organism.

Indeed, an organism can only preserve
its vital activity given relatively stable
parameters of the internal environment,
e.g., given a certain body temperature,
arterial pressure, blood glucose concentra-
tion, etc. If the value of the given param-
eters exceeds a certain limit, then this
state is determined as a disease: exam-
ples corresponding to the parameters men-
tioned above are fever, hypertension and
diabetes mellitus, respectively. At the
same time, any one of these diseases can be
the cause of death. Therefore, in this au-
thor’s opinion, any stable disturbance of
the homeostasis is a disease, because a
disease is any process in the organism that
increases the probability of death.

At the same time, a living system in
equilibrium cannot ensure the additional
inflow of energy and materials necessary
for the growth and development of the
organism. In other words, stability pro-
hibits development. Therefore, alongside
systems that maintain homeostasis at each
given moment of time, there are systems
in developing organisms that ensure de-
viation of homeostasis in time. Corre-
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spondingly, there is a law that this author
has termed the law of deviation of home-
ostasis.

The law of deviation of homeostasis was
formulated in 1979 and it led to the crea-
tion of the ontogenetic model of aging and
major diseases formation (see below). How-
ever, the concept itself, which later be-
came the basis for the neuro-endocrine
(hypothalamic) mechanisms of aging, was
first published by the author in the Soviet
literature in 1958, and in the foreign lite-
rature in 1971 (Lancet). Great contribu-
tions to investigations on the neuro-endo-
crine mechanisms of aging were made by
C. Finch (1973, 1976: neurotransmitter
mechanism), G. Roth (1974, 1978: receptor
mechanism), J. Meites (1976: changes in
the reproductive system), G. Riegle (1972,
1973: changes in the adaptational system),
P. Asenheim (1964: heterochromous trans-
plantation of the ovaries), A. Everitt (1973),
and other researchers. The ideas of R. Cutler
(1976, 1978, 1984) warrant special atten-
tion and are discussed in Chapter 11 of
this book.*

The physiological mechanisms that rea-

* The basic bibliography is given in the following
monographs written by this author: The Law of
Deviation of Homeostasis and Diseases of Aging,
John Wright PSG Inc., Boston, 1981; and Four
Models of Medicine, Meditsina, Leningrad, 1987,
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lize the law of deviation of homeostasis
meet the requirements for the growth and
development of the organism. However,
after the completion of development, the
mechanisms that realize these processes
continue to function. Therefore, the inter-
nal factors that provided a disturbance in
the homeostasis in order to ensure the or-
ganism’s development continue to func-
tion after development has ceased inducing
a more and more stable disturbance in
the homeostasis. This gradually leads to
certain diseases that are incompatible with
the continuation of life.* These diseases
are: the climacteric, hyperadaptosis, obe-
sity, prediabetes, atherosclerosis and its
complications, metabolic immunodepres-
sion, auto-immune diseases, hypertension,
mental depression, premyxedema, cancro-
philia. They represent the sum of metabol-
ic conditions that contribute to the devel-

* There is a superficial similarity between this
author’s theory and that of Bidder (1932) according
to which aging is a result of continuing action of
the regulator that controls growth despite a stop
in the increase of the linear sizes of the body.
But in this author’s concept the cessation of
rowth is not a key element because deviation of
omeostasis in the reproductive, energy, and
adaptational systems occurs beginning with the
early stages of ontogenesis, including development
of the fetus, or, for example, the mechanism of
(tieat:};) of the Pacific salmon after spawning (Chap-
er 3).
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opment of cancer, and, finally, normal
aging itself. Indeed, there is a regular
disturbance in the homeostasis during aging,
mainly in the energy, reproductive, and
adaptational systems (see Chapters 5
through 8). Accordingly, aging is a dis-
ease, or, to be more precise, the sum of
diseases of the homeostasis conditioned
by ontogenetic mechanisms and the accu-
mulation of damage in the organism (Chap-
ter 11). From this point of view, the expo-
nential increase in the probability of death
with age (see above) is not only a conse-
quence of diseases, but also the advance
of aging as a disease.

Those readers who are familiar with
medicine will note the unusual nature of
the list of major diseases: this author in-
cluded the climacteric and aging, which
in traditional medicine are not considered
to be diseases, as well as some new diseases,
such as hyperadaptosis, metabolic immuno-
depression, cancrophilia, prediabetes, pre-
myxedema, and mental depression were
also included in the category of major
diseases.

The changes introduced are based on
the following circumstances. In traditional
medicine the major noninfectious diseases
are classified as such because they are the
major causes of death in modern humans,
The basic diseases in this author’s list
however are those that, irrespective of
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ecological and genetic factors, always arise
in humans at the same rate, being a by-
product of the developmental mechanism.
Therefore, alongside the ecological, ge-
netic, and accumulational models of the
development of diseases, there is also an
ontogenetic model (from the word “onto-
genesis”, which means the development of
the individual organism). Diseases that
arise according to the ontogenetic model
form the group of regulatory diseases,
unlike the diseases that occur as a random
event in all the other cases of their devel-
opment. Therefore, taking into conside-
ration the ontogenetic mechanism of the
diseases listed above, this author has called
them “normal diseases”. This book ex-
plains how “normal diseases” begin to
develop after the age of 20-25, i.e., imme-
diately after the maturation of the organ-
ism has ceased.

In light of this thesis it is easy to under-
stand the danger of the traditional con-
cept, according to which each age period
of the adult is characterized by a norm of
physiological parameters. This thesis makes
it possible not to counteract the onto-
genetic mechanisms of aging and age-relat-
ed diseases. In reality, the norm is the
level of physiological parameters at which
mortality is minimal from diseases con-
ditioned by disturbed parameters. In other
words, it is not enough to feel healthy,
it is necessary to be normal (Chapter 13).
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However, the mechanisms supporting
the metabolic growth requirements of the
fetus during pregnancy, the mechanisms
of accelerated development of the organ-
ism, and the mechanisms of growth and
sexual maturation are also based on pro-
gressive deviation of homeostasis. There-
fore, ontogenesis not only defines the bio-
logical development of the organism; it
is also a clinical problem. In particular,
the external noninfectious pathogenic fac-
tors, such as stress, overeating, excess il-
lumination, and insufficient physical ac-
tivity, cause diseases that make up. the
cluster of major diseases, because they
accelerate the ontogenetic mechanisms of
their development. In this respect it
should be noted that the major diseases
with the same clinical symptoms develop
by four different mechanisms. For example,
atherosclerosis results from overeating
(ecological model), a deficit of receptors
ensuring cholesterol transport into the cells
(genetic model), impairment of the inter-
nal wall of the arteries (accumulational
model), and the regular age-related shift
in metabolism, in particular, the age-
related increase in the cholesterol content
in the blood (ontogenetic model).

The major part of this book covers the
concepts and data that the ontogenetic
theory of aging and age-related diseases
as well as natural death are based on. In
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addition, the new theory is in good agree-
ment with the theories that explain the
phenomenon of aging and natural death by
the accumulation of damage in the organ-
ism (Chapter 11).

It is necessary, however, to find an ex-
planation for the fact that effective sys-
tems of protection have not evolved that
would support the existence of the organism
indefinitely by eliminating the damage
that accumulates. According to the dis-
posable somatic theory of aging, the evo-
lution of such protection systems is im-
possible because of the necessity of dis-
tributing energy between the processes
of growth, maintenance of vital activity,
reproduction, and protection (Kirkwood,
1985). At the same time, taking into con-
sideration that the ontogenetic mechanisms
lead to cessation of life long before the
accumulation of damage becomes incom-
patible with the existence of the organ-
ism, perfect protective mechanisms could
not develop because they would not have
provided the species with the advantages
of selection. At the same time, the onto-
genetic mechanism of diseases and natural
death, as a by-product of the developmen-
tal mechanism, in essence improved in
parallel with improvement of the devel-
opmental mechanism during the evolu-
tion of each species. In other words, onto-
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genetic diseases represent a peculiar peak
of evolution.

The aforementioned allows one to per-
ceive the new perspectives disclosed by the
theory of four models explaining the origin
of the major diseases. In particular, this
theory demonstrates that the average
lifespan is determined by ecological and
genetic factors, while the maximal lifespan
is conditioned by ontogenetic and accumu-
lational mechanisms. Thus, the maximal
lifespan is not fixed: it can change depend-
ing on the rate of the ontogenetic and
accumulational mechanisms. For example,
increased death from external causes should
lead in the succession of generations to
a decrease in the maximal lifespan. And,
on the contrary, retardation of these mech-
anisms should expand the limits of
potential life. In other words, it is not
in dreams but in reality that one can live
much longer than is predetermined by
the current stage of human evolution.

Control of the ecological and genetic
causes of the major diseases is not suffi-
cient, however, to reach this goal. We
must learn to influence these diseases as
an integral interwoven group of diseases
as a whole. This can only be achieved by
influencing the common, integral mecha-
nism of development of the major diseases,
i.e., the rate of aging. This conclusion has
determined the title of the book—The
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Grand Biological Clock —whose rate pre-
determines the species lifespan and, cor-
respondingly, the natural causes of death
of each individual. The Russian edition
of the book is subtitled Ar Introduction
to Integral Medicine because the histor-
ical and artificial division of medicine
into individual specialities must be over-
come by the integral interpretation of
physiological and pathological processes. The
delimitation of the mechanisms of the
major diseases must also be dispensed with:
their common character, as is shown in
this book, determines practically identical
causes of natural death in such diverse spe-
cies as salmon, rat, and human.

The absence of clear boundaries between
the norm and the disease, between preg-
nancy, accelerated development and the
major diseases, between the stochastic
processes of aging and regulatory (determi-
native) mechanisms of development, be-
tween the internal and external causes of
the major diseases, and between the law
of constancy of homeostasis and the law
of deviation of homeostasis, all of which
are realized by the same mechanisms, still
make up an incomplete list of dialectic
contradictions that are elucidated by the
author in this book. The general measures
of prophylaxis and treatment for the major
diseases are also presented. In particular,
on the basis of the new theory, the age-
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related decrease in immunity could be
improved or even recovered in 60-70% of
the population suffering from it. The same
individuals experience a decrease in the
risk factors of atherosclerosis, and other
benefits (Four Models of Medicine, Meditsina,
Leningrad, 1987). But the possibility of
experimentally decreasing the incidence
of benign and malignant tumours by 2.5
to 4 times, and of, at the same time, extend-
ing the lifespan of the animals by 20 to
25% is even more impressive (see Chap-
ter 16). As stated above, based on the exam-
ple of what has occurred in the USA, it is
clear that currently when prophylaxis is
based only on ecological principles, an
increase in the average lifespan coincides
with an increase in the incidence of cancer.

Hence, the urge to understand nature as
an integral system forms the basis of the
concept discussed in this book. This urge
has been inherent to science from the very
beginning. It is expressed most vividly
in the concepts of the philosophers of
Ancient Greece, who distinguished between
the laws of dialectics and the unity of the
world. In addition, nothing has contri-
buted more to studying nature than the
specialization of sciences, and nothing
has prevented understanding nature more
than the division of the integral concept
of nature based on the principles of spe-
cialization.



Chapter 1

Hierarchy of Control
in the Organism: the Role
of the Hypothalamus

Hypothalamus—remember this complicated
word. It is a miracle of nature, being a hyb-
rid of the nervous and endocrine systems,
the junction of two worlds, viz., the internal
and the external.

Just as a house is built of bricks, a body
is constructed of cells and tissues and
systems that connect them. Together they
make up the integral supersystem of an
organism.

Myriads of cellular elements would
not function as a single whole if there were
not a refined mechanism of regulation.
A specific role in this regulation is played
by the nervous system and the endocrine
glands. But the intricate regulatory mech-
anism consists of several stages and the
first takes place on the cellular level. The
cell is the base of life: this old saying
holds a still deeper meaning today.

Each cell is a miniature sustainer of life
which has subordinated its own freedom
to the activity of the organism as a whole.
It contains genetic information sufficient
to reproduce the entire organism. This
information is recorded in the structure
of deoxyribonucleic acid (DNA) and is
contained in the chromosomes in the nu-



32 The Grand Biological Clock

cleus. For this reason only the nucleus
was considered for a long time to be the
regulator of vital activity in the cell. Later,
the significance of other cellular compo-
nents was understood, and scientists were
faced with an astonishing picture.

Formations—mitochondria—were discov-
ered in the cells of all higher organisms,
which functioned like a furnace tkat burns
the fuel used by the body: carbohydrates
(glucose) and fats (fatty acids). The mito-
chondria have their own apparatus of he-
redity and division. A large amount of
data suggest that at some stage of evolu-
tion mitochondria existed independently;
later they combined” with the primitive
cell, providing it with a perfect method
for burning fuel, thereby increasing its
energy resources.

A cell has intracellular regulators, whose
structure is the same in microbes and in
the cells of higher organisms. One group
of these regulators is formed from the prod-
ucts of glucose metabolism (cyclic nucleo-
tides), whose main representative is cyclic
adenosine monophosphate (or cAMP); the
second group is produced from the meta-
‘bolic products of fatty acids (prostaglan-
dins). Thus, the energy substrates form
the basis of an intracellular regulatory
system.

Nature has provided the cell with many
devices and mechanisms but hardly anyone
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expected that the cell membrane was so
important. It seemed at first that the mem-
brane simply forms an external boundary
and protects the interior of the cell, pas-
sively ensuring the supply of necessary
substances and the elimination of wastes.
But if the cell membranes had only a bound-
ing function, then, for instance, a signal
to intensify the activity of the cells in the
liver would be freely transmitted to all
the body cells, since the energy system of
all the cells is designed in the same way.
This would result in chaos. In reality, the
membrane of each cell is constructed in
such a- manner that it perceives only the
signals addressed to it.

In general, a cell membrane consists of
lipids, mainly cholesterol, which creates
as if the framework of the membrane
and phospholipids. The structure of this
framework also contains proteins and mol-
ecules of sugar. All together they form
structures that perceive the signals from
the medium washing over the cell. These
structures, which are called receptors, are
sensitive to certain signals and insensitive
to others. Cellular activity, division, etc.
change in response to the signals trans-
mitted from the membrane receptors. Thus,
owing to the membrane, the cell responds
only to the signal it needs, or, in other
words, coordinates the first level of reg-
ulation, the intracellular level, with the
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Fig. 2. Levels of neuro-endocrine regulation in an
organism: I—intracellular level (scheme of cell
membrane, hormone receptor (HR), and cyclic
AMP (cAMP)—transmitter of action of hormonal
signal); II—level of peripheral endocrine glands;
I[I—hypophyseal level; IV—hypothalamic level;
V-—level of central nervous system; 1 —ultrashort
loop of feedback mechanism—effect of hypothala-
mic hormones on hypothalamus; 2—short loop of
feedback mechanism—effect of hypophyseal hor-
mones on hypothalamus; 3—long loop of feedback
mechanism—effect of hormones of peripheral endo-
crine glands and products of metabolism (glucose,
fatty acids, etc.) on the pituitary gland and hypo-
thalamus; 4—regulation of activity of central
nervous system by the pituitary gland; 5—regu-
lation of activity of central nervous system by
hypothalamus.
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requirements set by the organism before
the cell (Fig. 2).

The second level of regulation, the sup-
racellular one, is effected by hormones.
Hormones are special substances produced
mainly by the endocrine glands; they are
released directly into the bloodstream and
regulate some aspects of metabolism of
cells that are sensitive to them. Hormones
function first of all to maintain a constant
internal environment in the body.

We all know that life originated ini-
tially in an aqueous environment, and
it is amazing to learn that the composition
and concentration of salts (ions) washing
over the cell are practically the same as
in the saline medium of the world ocean in
the Precambrian when the structure of the
modern cell developed in the process of
evolution. The composition of cells re-
mained constant for millions of years despite
their complex conversion into specialized
tissues and organs during the subsequent
evolution of living nature.

The sodium and potassium concentration
in the blood, controlled chiefly by the
adrenal glands, isstrictly regulated through-
out the entire life of the individual.
Even age-related diseases are unable to
cause essential changes in the concentra-
tion of these vitally important elements.
It seems that the mechanism of death dis-
regards certain indices of the internal en-
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vironment, which are as important for the
single cell in the primary world ocean as
for the nerve cell in the human brain.
These indices are protected so carefully prob-
ably for the sake of preserving life itself.

This circumstance explains to a consid-
erable extent the great freedom in the
activity of other endocrine glands, viz.,
those that participate in supporting the
development of the organism. Furthermore,
it is obvious that development requires
the coordinated functioning of the endo-
crine glands. Therefore, in higher organ-
isms, including Homo sapiens, a special
endocrine gland wunites the activity of
several glands, thus resembling a control
panel. The integration of the endocrine
glands is accomplished by the pituitary
gland, which is lodged in the sella turcica.
The latter is well-protected by bones di-
rectly under the cerebral cortex, in the very
centre of the cranial cavity.

Each peripheral endocrine gland is con-
nected to the pituitary gland by a specific
hormone-regulator. A number of individual
systems are thus created, for example:
the pituitary gland—sex glands, the pi-
tuitary gland—thyroid gland, and the
pituitary gland—adrenal glands. Interac-
tion between these systems is realized at the
level of the pituitary gland. Hence, the -
pituitary gland effects the third level of
regulation in higher organisms.



Ch. 1. Hierarchy of Control in the Organism 37

Although it regulatesthe endocrine glands,
the pituitary gland is “blind” to the out-
side world. This regulator can receive
signals informing it of what is happening
in the body, but it has no direct connec-
tion with the external environment. In
addition, to ensure that the external en-
vironment does not continuously disrupt
the vital activity of the organism, it is
necessary that the organism be able to
adapt to the changing conditions.

We “learn” about the outside world
through our skin, eyes, olfactory, auditory,
and gustatory organs. The sense organs
transmit the information to the central
nervous system. But if, for example, the
receptors of the skin cells record a drop in
the ambient temperature, this is'still not
enough to prevent freezing. The decrease
in the temperature must be conveyed to
the organs that can increase the produc-
tion and reduce the consumption of heat in
the organism. The regulator that trans-
mits information perceived from the out-
side world to the working organs, to the
respective cells of various tissues, is the
hypothalamus.

It is a complicated word—hypothala-
mus—but it should be remembered.

The hypothalamus is a miracle of nature.

On the one hand, it consists of typical
nervous tissue made up of neurons, i.e.,
cells of the nervous system. These cells
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are connected with all parts of the nervous
system by means of numerous fibres. There-
fore, everything that the nervous system
“knows” about the external or internal
world of the organism is easily and rapidly
conveyed to the hypothalamus.

On the other hand, the hypothalamus is
a typical endocrine gland that secretes spe-
cial hormones. These hormones regulate
the activity of the pituitary gland. Further-
more, the hypothalamus sends its hormones
to distant parts of the body where they
perform a regulatory function.

Thus, if the central nervous system re-
ceives a signal from the sense organs, the
signal is transmitted to the hypothalamus,
which, in turn, sends it to the pituitary
gland, and from there it is finally forwarded
to the working organs. Sometimes the hy-
pothalamus exerts a direct effect on the
body tissues via the nervous apparatus, or
via the hypothalamic hormones. Thus,
owing to the hypothalamus, interaction
between the external and the internal world
of the organism is realized.

The hypothalamus is the concrete site
of the junction of two worlds. Nature creat-
ed this unique structure for this special
link between the external and internal
environments, and it is a hybrid of the
nervous and endocrine systems. Owing to
its unusual design, the hypothalamus con-
verts rapid signals from the nervous sys-
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tem into slow, but specific reactions of
the endocrine system.

On the face of it, the existence of both the
pituitary gland and the hypothalamus may
seem unnecessary. One would think that
hypothalamic hormones could directly
influence the organism without the in-
termediate link—the pituitary gland.
But if this were the case, the hy-
pothalamus  would be considerably
hampered as a regulatory organ. Quite a
large number of hormones are necessary
to influence the processes occurring in the
body. As a result, the hypothalamus would
exert much effort on the elaboration of
hormones, and its potential for regulation
would correspondingly decrease. The action
of hypothalamic hormones, is, in fact, a
continuation of the nervous impulse, and
these hormones render precisely this regu-
latory efiect on the pituitary gland. The
absence of certain functions in the hypotha-
lamus allows it, after transmitting a signal
to the pituitary gland, to become free to
perceive new signals from the external
and the internal world.

Thus, the seemingly burdensome doubl-
ing of similar functions in the hypothala-
mus and pituitary gland creates in reality
optimum conditions for regulation. Hence,
the fourth levei of regulation in the organ-
ism is accomplished at the level of the
hypothalamus (Fig. 2).
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The central nervous system, including
the cerebral cortex, accomplishes the fifth
level of regulation.

Incessant changes in the external envi-
ronment demand continuous adaptation
of the body functions. The same concerns
regulation associated with consciousness
or the performance of arbitrary activity.
Therefore, it is natural that signals trans-
mitted from various parts of the brain
influence the activity of the hypothalamus.
In addition, the activity of the hypothala-
mus as a part of the brain is also controlled
to a certain extent by other parts of the
nervous system. And finally, a special
endocrine gland—the pineal body—which
is also in the brain, renders a regulating
effect on the hypothalamus, changing in
particular its sensitivity to hormones.

Nevertheless, it is the hypothalamus
and not other parts of the nervous system
that is the central regulator of the internal
environment of the organism. Signals from
various parts of the brain first reach the
hypothalamus where they seem to be fil-
tered, and then the necessary information
is transmitted to the body in the form of
hypothalamic signals. ,

What can the significance of the hypothal-
amus be attributed to? First of all, the
hypothalamus is the principal regulator
of the vegetative or autonomic functions
(occurring subconsciously).,
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Under normal conditions many functions
are accomplished automatically, continu-
ously, and with strict regularity. In
this respect the influence of the central
nervous system, which responds to en-
vironmental changes and to the still more
changeable world of senses and thoughts,
is unnecessary and inappropriate and
would interfere with that which should be
performed by its own internal laws. For
example, if the cerebral cortex is removed
from a rat, the reproductive function can
still be realized, i.e., fertilization, normal
labour, and feeding of the offspring. This
indicates that the hypothalamus is the prin-
cipal level of regulation for the reproduc-
tive function. On the other hand, if a rat
is subjected to extreme emotional stress
induced, for instance, by shrill sounds,
the reproductive function switches off.

In other words, the central nervous sys-
tem can interfere with the automatic
realization of the reproductive function
if the activity of the organism must be
adapted to the demands of the external
environment, but this control is not exerted
unless required. Therefore, the hypothala-
mus functions to a large extent automati-
cally, without supervision of the central
nervous system, obeying only its own
rhythm and signals from the body.

Alongside control of the reproductive
system, the control panel for many other
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functions is also located at the hypothalam-
ic level. The hypothalamus regulates via
the pituitary gland the growth of the body
(growth hormone), the activity of the
thyroid gland (thyrotropin) and the adrenal
cortex (corticotropin), and the function of
the mammary gland (prolactin, the hor-
mone stimulating lactation). The hypo-
thalamus and the adjoining sections of the
brain contain the sleep centre, the centre
controlling emotions, the centre of appe-
tite, and the centre of heat production and
thermoregulation.

The hypothalamus contains structures
that are associated with the regulation of
pleasure or delight. If the activity of
certain structures in the hypothalamus is
excited by electrical stimulation, the ani-
mal will seek repeated stimulation even
if pain is inflicted during the pursuit.

Many of these centres function interde-
pendently, e.g., the sections of the hypo-
thalamus that control the appetite, emo-
tions, and energy metabolism. The hypo-
thalamus incorporates special structures,
or centres that are associated with the
regulation of cardiac activity, wvascular
tension, immunity, water and saline bal-
ance with the functions of the gastro-
intestinal tract, urination, and so on. And
what is more, certain centres in the hypo-
thalamus are directly related with the
vegetative nervous system as a whole.
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Unlike the central nervous system, the
vegetative nervous system regulates the
activity of the internal organs, or, to be
more precise, controls the recurrent au-
tomatic processes in the body. The vege-
tative system itself consists of two parts:
the sympathetic and parasympathetic sys-
tems, which exert opposite effects on the
tissues and organs. For instance, if stimu-
lation of the sympathetic system causes a
rise in arterial pressure, stimulation of the
parasympathetic system leads to a decrease.
Thus, these two opposed and interact-
ing parts of the nervous system stabilize,
within certain limits, deviations in all the
processes that are regulated by the vegeta-
tive nervous system. Therefore, when pro-
found affection of the hypothalamus is
induced experimentally in animals, trophic
disorders develop in almost all the organs.

Appetite and growth, sleep and wake-
fulness, emotional excitation and mental
depression, and, finally, reproduction are
greatly dependent on the activity of the
hypothalamus. There is no function in
the complex integration of the organism
that does not demand the participation
of the hypothalamus, but on the whole,
the functions of this organ can be divided
into two groups. ‘

First of all, the hypothalamus adapts the
activity of the organism to the environ-
mental conditions. In other words, if the
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mechanical protection, which in higher
organisms is provided by the skin, muscu-
lar and bone tissues, is excluded, it is
the coordinating activity of the hypothal-
amus that protects the organism against
the detrimental effects of the environment,
i.e., it counteracts the factors that can
cause death due to external conditions.

Secondly, the hypothalamus is the chief
organ that maintains the constancy of the
internal environment. Together with the
regulated organs, the hypothalamus func-
tions as a distinct closed system that en-
sures this constancy repetitive in conformity
with the information received from the
internal world of the organism. It closely
controls the constant and regular processes
that should proceed in cycles irrespective
of the outside world. But it also adapts the
organism to the pressure of the external
environment.

In short, the hypothalamus is the prin-
cipal integrator of information coming
from the body, and at the same time it is
the collector that gathers information from
the environment.

Moreover, the hypothalamic and pitu-
itary hormones affect not only the body, but
also the brain, and, in particular, the spirit,
as it would be said in olden times. The
same hormones that control the secretion
of milk (prolactin), the adrenal cortex
(corticotropin), and the mobilization of
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fat (lipotropic hormones) are subjected to
biological transformations in the brain. As
a result, substances of more simple struc-
ture separate from these hormones and
influence memory and learning, the emo-
tional character of events, the perception
of pain—in other words, the decision-
making processes of the brain. It is re-
markable that some of these substances
(endorphins) resemble morphine in their
structure, and the rate of their formation
can depend on the state of the metabolism
in the organism. Thus, the ancient expres-
sion “A sound mind in a sound body”
seems to have materialized today and is
one of the conditions that supports the
stability of the internal environment in
the organism.

To see how this is accomplished, let’s re-
call the cybernetic principle that ensures
stability in a system, no matter whether
the system is a simple thermostat or the
complex system of a living organism. The
stability in a system is supported by a
negative feedback mechanism. Let’s exam-
ine how this mechanism functions. Assume
that there is an endocrine gland 4
that secretes its specific hormone 4, into
the blood (Fig. 3). This hormone affects
the cells that are sensitive to it in corre-
sponding tissues (the target-tissues) and
therefore it can be designated as a working
hormone. Imagine a situation where there
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Fig. 3. Principle of feedback mechanism in endo-
crine system: B-—regulator-gland; A —working
gland; B; and B,—regulating hormones; 4, and
A,—working hormones.

Mechanism of negative feedback: at an increase
of the activity of gland A the concentration of
the working hormone A4, increases, thereby inhib-
iting the activity of regulator B which, in turn,
causes a decrease in the concentration of regulating
hormone B, and a decrease of gland A4 activity,
respectively.

Mechanism of positive feedback: an increase
of the intensity of signal X causes an increase of
regulator B activity, which increases the level
of regulating hormone B,, and, in turn, increases
working hormone 4, level. The latter causes further
stimulation of regulator B, activity, and so on.

is an increase in the utilization of the work-
ing hormone and, as a result, its content
in the blood decreases. To restore constancy
in the internal environment it is necessary
to enhance the activity of gland 4. What
happens in this case?
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Gland 4 does not exist in the organism
in an isolated form: it exists within a
specific system of interrelations under the
control of its regulator, which we’ll call
gland B. Gland B secretes hormone B,
that controls the activity of gland A.
It is this regulator-gland that perceives a
decrease in the concentration of the work-
ing hormone A4,. When the content of the
working hormone in the blood is constant,
gland B does not respond: the receptors
of its cells are sufficiently saturated with
hormone 4,. But when the concentration
of hormone A4, has decreased, these re-
ceptors are partially freed of the working
hormone. The inhibiting effect of the work-
ing hormone A, on the production of the
regulating hormone B, ceases; therefore,
gland B sends its envoy to gland 4, viz.,
hormone B,, to stimulate gland A. The
production of hormone A, increases. When
the concentration of the working hormone
A, increases to the normal level, it fills
the required number of free receptors on
the membranes of the cells of regulating
gland B. This is the signal to cease stimu-
lating gland A: the constancy of the in-
ternal environment has been restored (here
it is the concentration of hormone 4, in
the blood). As a result, there is a decrease
in the stimulation of the working gland
by the regulator and equilibrium is estab-
lished. When the concentration of the
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working hormone in the blood decreases
once again, inhibition of the regulating
gland ceases. The concentration of -the
regulating hormone again increases, and
the activity of the working gland is en-
hanced once more, thereby supporting equi-
librium.

The relationship described above, where-
in the working hormone inhibits its reg-
ulator, is a typical example of negative
feedback. The word “negative” in this
cybernetic sense means that the regulator
is inhibited by the action of the peripheral
factor (the working hormone in this case)
while the removal of the “negative” inhib-
itory effect stimulates the peripheral link
in the system, viz., the working endocrine
gland. This is the essence of the mechanism
of negative feedback.

A similar principle of regulation is char-
acteristic of any self-regulating system,
for example, even in devices that maintain
constant temperature in a thermostat.

The systems of the hypothalamus that
support constancy of the internal environ-
ment are strictly regulated by negative
feedback. This mechanism ensures obser-
vance of the law of constancy of the in-
ternal environment in the organism.

Certainly, one should not think that
stability is something immobile and rigid.
It is maintained by the active work of
each individual system and of the organism
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as a whole, which means that stability
implies averaged fluctuations in each phe-
nomenon, i.e., a dynamic equilibrium that
is attained given the correct functioning
of the homeostatic systems. At the same
time, if stability is a necessary condition
for the normal life of an organism, then any
constant violation of stability should be
considered a disease.

Frequently, in medicine exact defini-
tions of basic notions do not exist owing
to the complexity of the phenomena. Then,
strange as it may seem, there is no exact
definition of the term “disease”. Regarding
pathologic processes associated with vio-
lation of the constancy of the internal en-
vironment and regulation as a whole, a
disease, by definition (i.e., in a strictly theo-
retical sense), is a persistent deviation from
stability. In other words, any persistent
violation of homeostasis is a disease be-
cause a disease is defined as any process
in the organism that increases the proba-
bility of death. That this definition is
correct not only in form, but also in es-
sence follows from data on the role of
stress in the origin of a particular group of
diseases, the so-called adaptation diseases.
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Chapter 2
Stress and Diseases

Evolution, which formed the higher organ-
isms, established that it is better to live
the lifespan of the species and to die old and
sick, than to die young and healthy at any
moment owing to external environmental
factors. Therefore, it is more correct to say
that civilization does not cause the diseases
of civilization but introduces a principle
of uncertainty into the ‘“programmed”
mechanism of disease formation.

A series of stereotypical adaptational reac-
tions aimed at the protection of the organ-
ism originates in the latter in response
to any change in the conditions, which
demands an increase in the organism’s
efficiency. Hans Selye, the well-known
physiologist, defined the totality of these
protective reactions as a general adapta-
tion syndrome.

A rise or drop in the ambient tempera-
ture, hunger or thirst, loss of blood or
physical exertion, infection or trauma,
emotional tension or stupor—all cause
certain changes in the organism that are
combined in the concept “state of stress”.

It seems that the organism in this case
is not interested in the specific features of
each stress factor, but reacts to the damag-
ing factor as a whole. The stress reaction
is especially advantageous for an organism
because it is stereotypical, i.e., the organ-
ism can immediately start to protect itself
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using one stereotypical reaction in re-
sponse to a variety of extraordinary stimuli,
or stress factors. The adaptation reaction
is apparently the most vigilant guard of
the organism because it always switches on
automatically without the involvement of
consciousness and only under the influence
of unconditioned reflexes, pain, or a change
in the composition of the internal environ-
ment (for instance, in the case of haemor-
rhage, a decrease in the blood sugar con-
centration due to starvation, etc.).

Artificial violation of the adaptational
system causes most severe consequences
for the organism. Thus, if the adrenal
glands are removed from an animal, which
results in failure of the stress reaction, then
even under ideal conditions of care and
nutrition, the life of an animal can be
preserved only by the continuous injection
of adrenal hormones. And when a stressful
situation arises, the dose of these hormones
must be sharply increased because other-
wise the animal perishes due to insuffi-
ciency of the protection system.

And yet in natural conditions it is quite
frequent that the organism pays a high
price for its ability to protect itself by
adaptation. A large group of diseases,
so-called adaptation diseases, are a con-
sequence of stress.

Let's discuss the classical example of an
encounter between a cat and a dog analyzed
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from the physiological point of view by
Walter Cannon, who is the author of the
term “homeostasis”. We'll supplement this
example with the description of a stress
reaction in the spirit of Hans Selye and
shall include some additional details un-
covered by numerous researchers of stress
after the fundamental works of Selye. Fi-
nally, we'll introduce an important ele-
ment into the description of this situation
that was missed by Selye, viz., an elevation
in the hypothalamic threshold of sensitivity
to the regulatory signals. Without an
elevation in the hypothalamic threshold
no stress reaction of any significant dura-
tion occurs. It is true, however, that the
cost of adaptation to the organism would
not be so high, given a lack of elevation
in the threshold.

To continue, the dog and cat meet. Even
at a distance, the sense organs send signals
to the central nervous system informing
it that the enemy is near. There will pos-
sibly be a fight and it is necessary to pre-
pare for it. The situation is evaluated by
the cerebral cortex, but it has an emotion-
al character.

It is precisely the emotion that is one of
the strongest mobilizing factors. The con-
trol of emotions is concentrated mainly in
the hypothalamus. When the cat adopts
the characteristic pose with an arched back,
it means that the information received from
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the cerebral cortex excited the emotions
of fear and aggression in the hypothalamus.
This is the phase of preparing for a fight.
The animal’s emotional pose per se sets
the body into a state of readiness for im-
mediate motion.

Simultaneously, the hypothalamus sends
signals to the vegetative nervous system,
to the part that controls the functioning of
the internal organs. This signal rapidly
reaches the adrenal glands and they secrete the
hormone, adrenaline. This is easily visible
externally because adrenaline causes con-
traction of particular muscles of the skin
and the animal’s hair stands on end. The
discharge of adrenaline into the blood
contributes to dilatation of the vessels of
the heart, brain, and lungs, and, in con-
trast, causes constriction of the vessels of
the skin and internal organs, especially,
the digestive organs. Owing to the latter,
a redistribution in the blood volume, which
is useful for the fight, occurs. The cardiac
activity is enhanced and the arterial pres-
sure rises.

All this activity requires a supply of
energy and adrenaline mobilizes both sources
of energy—fatty acids from the fat de-
pots and glucose from the liver—thereby
increasing the nutritional supply of the
muscular tissue and brain. These responses
taken together, viz., dilatation of the skin
vessels, hair standing on end, that reduces
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heat transfer, increase in the fatty acid
and glucose levels of the blood, and light
trembling, contribute to a rise in the body
temperature, thereby creating optimal con-
ditions for chemical reactions. This resem-
bles the warming-up of a sportsman before
the start, and occurs within several
seconds.

Finally, adrenaline sharply increases the
ability of the heart to assimilate oxygen.
(It should be noted that this protective
measure can be very dangerous for a human.
Thus, too intensive absorption of oxygen
from the blood by the heart, which may
be induced by negative emotions, can
create temporary oxygen deficiency that
sometimes causes cardiac insufficiency and
even myocardial infarction. In case of a
normal stress reaction, however, the ad-
renaline is rapidly destroyed after stimu-
lating the further development of anti-
stress protection.)

By this time, in the hypothalamus changes
occur in the concentration of the hormon-
al mediators that transmit neuronal signals,
i.e., neuromediators. The consumption of
these substances increases during the
stressful situation as they activate the
hypothalamic centres controlling the sec-
retion of corticotropin, growth hormone,
and prolactin from the pituitary gland
into the blood. These hormones have a
pronounced ability to mobilize fatty acids
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from fat depots. This effect is energetically
necessary but adrenaline should not be
used for a long time to this end because
it causes an autonomic storm that is too
severe. If the situation that has caused
the stress is not of short duration, then
a transition to a more solid energy base is
necessary, which is ensured by putting into
action the fat-mobilizing hormones of the
pituitary gland: corticotropin, growth hor-
mone, and prolactin. These hormones take
fatty acids from the fat depots that supply
the heart with six times more energy than
glucose.

The hypothalamic corticotropin-releas-
ing hormone (CRH), on the one hand, stim-
ulates the sympathetic nervous system
and, as a result, increases the content of
the stress hormone, norepinephrine, in the
blood; on the other hand, it involves the
pituitary hormone, corticotropin, which
controls the activity of the adrenal cortex
in supporting the stress reaction. The adre-
nal cortex is always activated when protec-
tion is necessary. At first, the hypothalamus
activates the medullary layer of the adre-
nal glands by purely nervous impulses,
causing the secretion of adrenaline. Then
corticotropin stimulates the secretion of
protective hormones from the adrenal cortex,
among which the main one is cortisol.
Cortisol possesses many properties char-
acteristic of adrenaline but it has a more
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powerful effect. A second transformation
of the signal seems to occur, i.e., at first
the nerve signal is transformed into a
hormonal one (the discharge of norepine-
phrine and adrenaline in response to acti-
vation of the hypothalamus), and then
the hormonal response is transformed into
a long-term endocrine protection reaction.

In particular, cortisol (especially in com-
bination with growth hormone) decreases
the utilization of glucose by muscular
tissue. This is very important as the mus-
cles splendidly utilize fatty acids, while
the nerve cells need glucose which is the
main fuel that they assimilate. Cortisol
also affects the redistribution of “fuel” in
another way, viz., it activates the process
of transforming certain amino acids into
glucose. This is very important because
during a fight there is no external food
supply and the reserves of sugar in the
organism—glycogen—are quite limited. (It
should be noted here that it is precisely
for this reason that the secretion of a large
amount of cortisol induced by very power-
ful emotional stimuli may even induce
temporary diabetes mellitus in a human
because of the inability to rapidly assim-
ilate the newly formed glucose. Long-term
stress may cause permanent diabetes mel-
litus if an individual has a predisposition
to this illness.)
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It should be noted here once again that
proteins are structural and functional ele-
ments of cells; therefore, the transforma-
tion of cellular proteinsinto sugar is highly
disadvantageous for the organism. Conse-
quently, if it is necessary to burn complex
proteins, with their numerous properties,
as simple fuel, then it is better to take the
proteins from tissues that are rapidly re-
newed in the organism and, more important-
ly, that have no specific structural func-
tion so that a temporary decrease in the
mass of this tissue will not be so damaging.
Such tissue is represented by lymphocytes,
which are distributed in the lymphatic
glands and other lymphoid tissues, viz.,
the spleen, bone marrow, and, finally, the
thymus, an organ controlling immunity.

Many of us know that it is easy to fall
ill with a catarrhal, viral disease after an
intense and lengthy period of anxiety.
One might wonder what could there be
in common between anxiety and the sus-
ceptibility to infection? Nevertheless, this
susceptibility is conditioned, in particular,
by utilization of the amino acids of de-
stroyed lymphocytes to supply the energy
requirements of the organism during stress
(Chapter 9).

But all these remote consequences are
not taken into consideration at the height
of the stress. On the contrary, the supply
of energy is the most important problem.



58 The Grand Biological Clock

Additional nutrition must be supplied
rapidly to the tissues, and the hypothala-
mus transmits impulses to the motor nerves
of the heart and vessels. The lumen of the
vessels of the internal organs constricts
still more, the activity of the heart is in-
tensified, the blood pressure rises, and,
as a result, the blood circulation acceler-
ates. (This is the reason why intense ne-
gative emotions are most dangerous for
a person suffering from hypertension. They
are also a threat for healthy humans be-
cause they contribute to the incidence of
hypertension.*)

Simultaneously, adrenaline, growth hor-
mone, fatty acids, cholesterol, cortisol,
etc.—all the factors that are involved
consecutively in supporting the stress
reaction—increase the coagulability of the
blood, thereby assisting to avoid heavy
bleeding in case of wounds. (But the same

* The ideas of G. Lang, an outstanding clinician,
allow hypertension to be viewed as an adaptation
disease. But in the course of aging the number of
hypertensives increases and the level of arterial
pressure rises in normotensives. This indicates
that, as in the case of other hypothalamic systems
(see Chapters 4 to 7), there is an elevation in the
hypothalamic threshold to signals aimed at the
stabilization of arterial pressure. In other words,
hypertension is simultaneously an adaptation
disease and a normal disease (see below). However,
there is a large group of hypertensions caused by
other factors, e.g., renal or hormonal (so-called
symptomatic hypertensions).
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protective mechanism can be the cause of
thrombosis of the vessels and myocardial
infarct in humans under the inﬂuence of
emotional excitation.)

During the fight everything that hinders
stress reaction should be inhibited. There-
fore, cortisol during this critical situation
serves to supply energy, contributing, in
particular, to the synthesis of carbohydrates
from protein, and not only suppresses
the reactions of cellular immunity, but
is also capable of suppressing inflammation,
thereby reducing the degree of impairment
of the tissues in case of trauma. (It is for
this reason that cortisol and its deriva-
tives, cortisone, prednisolone, etc., have
found such successful application in mod-
ern medicine for various inflammatory
processes, beginning with inflammation of
the iris of the eye (iritis) and including
ulcerative colitis, rheumatism, diseases of
the joints, and myocarditis.)

But if the tissue impairment is great,
then some of the proteins from the trau-
matized tissues enter the bloodstream, reach
the immune system, and, acting on it like
“foreign” proteins, effect immunization
against the body’s own tissue proteins.
In this case the “carriers of immunity”,
the antibodies, may impair the tissues
while penetrating into the latter. This
threatens the animal with diseases or even
death at some time after the fight is over



60 The Grand Biological Clock

because of auto-immune diseases, which
develop according to the same laws that
make up incompatibility of tissues an ob-
stacle in transplantation of “foreign” organs
from one human to another. Therefore,
cortisol, which supplies the organism with
energy at the cost of the destruction of the
lymphocytes, reduces immunity in the
course of the stress and weakens the threat
of immunization against its own tissues.
(Correspondingly, owing to its ability to
suppress immunity, cortisol has found
wide application in curing allergic states,
such as bronchial asthma.)

Cortisol and the regulator of its produc-
tion, corticotropin, as well as prolactin
have the ability to inhibit the activity of
the “sex centre” in the hypothalamus. This
is biologically expedient because while
the fight has not yet come to an end and
its outcome is uncertain the wounded ani-
mal should have no offspring. (Thus, it
is not infrequent that women experience
cessation of the menstrual cycle after pro-
longed negative emotions, while men ex-
perience decreased sexual potency.)

Stress, which eliminates everything ex-
tra, also suppresses the appetite. The hy-
pothalamic appetite centre is inhibited
during emotional excitation just like the
activity of the digestive system. This is
expedient during a fight. (One of the signs
of this known to everyone is the drying of
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the mucous membrane in the mouth and
throat when one gets nervous.)

Finally, the fight that required a great
expense of energy comes to an end. The
phase of recovery commences.

The hypothalamus enhances heat trans-
fer via the thermoregulatory centre. The
skin vessels dilate, perspiration increases,
and dogs, which have no sweat glands, ex-
perience dyspnoea and their tongues nearly
fall out to increase evaporation. All this
protects the organism against excessive
superheating, which may occur because of
intensive burning of fatty acids and glu-
cose during the fight.

The excess of fatty acids, whose inten-
sive mobilization was so necessary, serves
during recovery as the raw material for
the synthesis of cholesterol. This circum-
stance is very important because “repair”
of the impaired tissues by cell division is
necessary during the poststress period. At
the same time, each new’ cell requires a
membrane whose structure contains a lot
of cholesterol. Thus, a metabolic shift dur-
ing stress towards enhanced utilization of
fatty acids is intended not only to satisfy
the energy requirements but also to save
and recover the reserves of glucose. This
metabolic shift also ensures suppression
of immunity, an increase in blood coagula-
tion, and, the production of cholesterol,
which is necessary for cellular division.
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All these changes take place during
each emotional stress. For instance, the
content of cholesterol in the blood, which
is one of the main factors in the development
of atherosclerosis, increases in students
when they are taking their examinations.
But life makes it necessary to pass exams
not only within the walls of the alma ma-
ter. Thus, frequent and prolonged nervous-
ness, which creates a stress reaction, in-
duces the development and progression
of atherosclerosis.

But all the negative consequences of stress
are seemingly in the future, while now, dur-
ing the phase of immediate recovery, ev-
erything described above is advantageous. A
special antidiuretic hormone-—vasopressin—
enters the pituitary gland directly from
the hypothalamus and then enters the
bloodstream, delaying the renal elimina-
tion of water and thereby assisting in the
recovery of blood losses. The functioning
of the thyroid gland, whose hormones are
necessary for the repair of damaged tissues
and which was inhibited earlier by the
hypothalamus, is amplified. This occurs
because the hypothalamic centre that reg-
ulates the activity of the thyroid gland
inhibits the latter’s activity at the begin-
ning of the fight and then stimulates it
when the period of recovery commences.
The secretion of cortisol attenuates, which
contributes to the recovery of protein syn-
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thesis, while earlier cortisol had hindered the
synthesis by transforming protein into sugar.

Thus, the protection mechanism is reg-
ulated via the hypothalamus, stage by
stage, followed by the reversal of the dam-
age if the latter was inflicted by the ex-
ternal environment but was still compatible
with life.

We have discussed how the stress reac-
tion ensures protection of the organism dur-
ing a vitally dangerous time. But let’s
recall how the mechanism of protection
against stress was realized. There was an
increase in many hormones in the blood,
viz., adrenaline, growth hormone, pro-
lactin, corticotropin, and cortisol; the con-
centration of many substances that supply
the organism with energy increased in the
blood, viz., fatty acids and glucose; cho-
lesterol accumulated; the coagulation of
blood was amplified; the arterial pressure
went up, etc. All this indicates a devia-
tion from the law of constancy of the inter-
nal environment, a law whose observation as
well as protection is necessary for life itself.

However, we know that homeostatic
systems strive for the recovery of stability
owing to the cybernetic mechanism of reg-
ulation. The following question is quite
reasonable: how can violation of the inter-
nal environment of the organism continue
throughout the entire stress situation, i.e.,
while “the cat is confronting the dog”?
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Indeed, if the concentration of the work-
ing hormone, e.g., cortisol, increases in
‘the blood, then, in conformity with the
mechanism of negative feedback, it should
inhibit the secretion of its regulator, in
this case, the pituitary hormone, cortico-
tropin. At the same time the secretion of
cortisol, which is not stimulated by corti-
cotropin, should drop to average levels,
i.e., to those protected by the law of con-
stancy. But the latter does not occur and
the level of cortisol in the blood during the
period of stress remains increased, thereby.
creating a mechanism of antistress pro-
tection. How can this be explained?

There is a working factor for each reg-
ulator-hormone, which suppresses the ac-
tivity of the latter when the concentration
of the regulator-hormone increases in the
blood. The secretion of corticotropin should
be inhibited by an elevated level of corti-
sol; the growth hormone and prolactin, by
an elevated level of sugar and fatty acids.
And yet, a high concentration of regulator-
hormones, working hormones and energy -
substrates are found simultaneously in
the blood during stress.

As was mentioned above, when Selye
discussed the increase in the activity of
the pituitary gland and hypothalamus dur-
ing stress, he paid no attention to the fact
that an increase in this activity cannot
exist for any long period of time if there
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is no increase in the sensitivity threshold
of the hypothalamus to the inhibiting
effect of peripheral signals.

The mechanism controlling the increase
in hypothalamic threshold has great phys-
iological significance. In its' absence the
stress reaction would be short, i.e., it
would continue as long as it would be nec-
essary for negative feedback to begin oper-
ating, which would bring the protective
system to equilibrium, thereby depriving
the organism of protection. As we know,
this does not occur, which indicates that
during stress there really is an increase in
the hypothalamic threshold to regulatory
signals. Therefore, during the action of the
stress factors on the organism, the hormon-
al-metabolic shifts are preserved, viz., a
rise in the concentration of glucose in the
blood, as well as fatty acids, growth hor-
mone, cortisol, and so on.

The latter makes it possible to explain
many things in the relationship between
stress and diseases that are caused by a
disturbance in homeostasis. In other words,
the fact that higher organisms are
equipped with such a high capacity for pro-
tection against stress is conditioned by
the evolution of complex homeostatic sys-
tems, which are crowned by the hypothal-
amic systems. These systems ensure that
homeostasis can be disturbed, which is nec-
essary for the protection of the organism.

5—0394
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But the inevitable disturbance in homeosta-
sis causes diseases that Selye called adap-
tation diseases. In this way, the organism
pays a high fare for protecting itself from
external causes of death. Thus, adversities
and sorrows reduce the life-span.

It remains to be added that the increase
in hypothalamic threshold during stress
occurs as follows: when the cat and the dog
notice one another, the signals, evaluating
this event, rush from the central nervous
system to the limbic system and the hypo-
thalamus, thereby stimulating the activity
of the latter. As a result, the consumption
of the neuromediators increases. As we know,
the vegetative nervous system is divided
into the sympathetic and parasympathetic
systems, Correspondingly, there are S-me-
diators for sympathetic impulses and
P-mediators for parasympathetic im-
pulses.

The group of S-mediators includes do-
pamine and norepinephrine, substances that
are structurally similar to adrenaline, the
hormone of fear. The group of P-mediators
includes serotonin and compounds similar
to it. S- and P-mediators are synthesized
from the amino acids, tyrosine and trypto-
phan, respectively. A decrease in the con-
centration of S- and P-mediators in the
hypothalamus during stress due to their
increased consumption causes an increase
in the hypothalamic threshold. Mental
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depression commences if the decrease in
the concentration is too great.

It is well known that apathy may set
in for some time after a period of excessive
emotional excitation. It is symptomatic
of exhaustion of the neuromediator reserves,
a warning that rest is necessary for re-
covery. Indeed, the concentration of me-
diators in the hypothalamus normalizes
at a rate that is greatly dependent on the
natural strength of the nervous system, i.e.,
on its specific genetic and metabolic fea-
tures. The hypothalamic sensitivity thresh-
old is reestablished and the system of
self-regulation again begins to function
properly, ensuring a constant internal en-
vironment in the organism. The storm that
blew over together with the stress abates,
the past is forgotten or almost so if the
activity of the organism during the stress
was not so seriously disturbed.

This appeasement after the storm repres-
ents the difference between stress and
everything that is associated with aging,
wherein pathologic processes develop grad-
ually and inevitably, even without the
participation of external factors. There-
fore, in the following chapters let us con-
sider the reason why such perfect homeo-
static systems in higher organisms, which
can independently resist the effects of
intense stress and relatively rapidly recover
equilibrium in the organism, are unable

5*
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to maincamn stability of the homeostasis
in the process of aging. Certainly, it is
logical to assume that homeostatic systems
simply “break down" in the course of time,
in particular, under the influence of var-
ious external and internal damaging fac-
tors. These views will be discussed in the
section dealing with aging (Chapter 11).
The following chapter will present argu-
ments that support quite a different point
of view, viz., the fact that a disturbance
in homeostasis is a necessary element in
-the development of the organism and be-
comes the key element in aging when growth
and sexual maturation finish,



Chapter 3

The Law of Deviation
of Homeostasis

If the stability of the internal environment
is a binding condition for the life of the
organism, then the programmed disturbance
of thisstability is an indispensable condition
for the development of the organism. Corre-
spondingly, there is a law of deviation of
homeostasis alongside the law of constancy
of the internal environment.

A living organism is in constant relationship
with the external world. The availability
or lack of food, the physical conditions of
the environment, the degree of its pollu-
tion—these are the principal factors that
are inextricably bound with the vital activ-
ity of the organism.

At the same time, an organism can exist
only on condition that the composition
and functioning of its body is maintained
within certain, usually quite narrow, lim-
its. Claude Bernard, a great French physio-
logist, formulated this thesis more than
100 years ago as follows: constancy of the
internal environment is a necessary con-
dition for the life of an organism.

The maintenance of the internal environ-
ment in an organism is a fundamental law
of biology. I would even designate it as
the First fundamental law, though the or-
dinal number carries little significance
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because all the fundamental laws are char-
acterized by the fact that neither one of
them can be violated. Let’s discuss the
following example.

In theory, certain unicellular organisms
are immortal because each division of
these creatures is followed by the emer-
gence of two absolutely identical descen-
dants. The process of successive division can
continue without limit if the conditions
are favourable. A classical example is the
division of the unicell paramecium in the
course of 8400 generations. It is of no im-
portance in this case that in reality only
representatives of the simplest organisms
create generations that can propagate veg-
etatively (asexual reproduction) for an
indefinite period of time. If this capacity
were observed in only one species of pro-
tozoans, or even one branch, then even
this would provide grounds for asserting
that in theory, under certain favourable
external conditions, life can exist without
internal causes of death.

Nevertheless, unicells do perish. Indeed,
it was calculated long ago that if they
did not perish, then the progeny of one
infusorian would very soon occupy a volume
exceeding that of the globe. The homeo-
static mechanisms in unicells are not per-
fect owing to the insufficient complexity
of the organism’s structure. Therefore,
death from external causes became an in-
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surmountable obstacle for unicells to
theoretically eternal life.

During evolution of unicells into mul-
ticellular organisms mechanisms developed
for the maintenance of a constant internal
environment by specialization of the body
organs. This, however, also led to an
irreconcilable contradiction between the
requirements for development and the nec-
essity for stability, a contradiction that
may have resulted, during evolution, in
a regulatory type of death owing to in-
ternal causes (see Chapter 11).

Indeed, the law of constancy of the in-
ternal environment, which is protected by
homeostatic systems, should be observed
at any given moment of development and
growth in the multicellular organism. At
the same time, it is quite apparent that
the capacity of the homeostatic systems
themselves must increase in the course of
development in oxder to meet the organ-
ism’s requirements for growth. In other
words, the development and growth of the
organism would be unrealizable if not for
a simultaneous increase in the capacity of
the homeostatic systems. In a certain
sense, development is an increase in the
capacity of homeostatic systems. Hence,
if life is possible only under the condition
that the internal environment is stable,
then development and growth are impossi-
ble without disturbance of this stability.



72 The Grand Biological Clock

This thesis can also be expressed as fol-
lows: in higher organisms it is necessary
to combine the states of rest and motion,
i.e., rest of the internal environment, which
ensures stability of the organism, and mo-
tion, which promotes development.

It can be assumed that this combination
of absolutely opposite requirements is real-
ized through the self-development of the
homeostatic systems. In other words, sys-
tems ensuring stability must continuously
develop, thereby increasing their capacity,
and only in this case it is possible to pre-
serve regulation in a moving system.

But how can a disturbance in homeosta-
sis, which is necessary for development, be
ensured if it is protected by the law of con-
stancy of the internal environment? It
will be seen in the examples below that
disturbance in homeostasis is achieved in
all the representatives of the class of Mam-
malia by one and the same pathway, al-
though the mechanisms of the homeostatic
disturbance are different during the intra-
uterine and postnatal development of the
organism.

Numerous changes occur in the organ-
ism of a pregnant woman: the content of
fat increases, especially in the second half
of pregnancy; the size of the nose and chin
increases owing to swelling of the soft tis-
sues in the face. At the same time, the con-
centration of sugar and cholesterol increases
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in the blood. Sometimes the sugar level
is so high that doctors call it “diabetes”.
In other words, the law of constancy of
the internal environment is disturbed dur-
ing pregnancy and, in essence, certain dis-
eases develop if it is borne in mind that
any stable homeostatic disturbance is a
disease.

The following question is quite justified:
can such a vitally necessary phenomenon as
pregnancy be accompanied by diseases, es-
pecially if it is taken into consideration
that all the harmful properties would have
long ago been eliminated by natural selec-
tion during evolution? It is logical to as-
sume that if the elimination of diseases has
not occurred then homeostatic disturban-
ces during pregnancy are extremely neces-
sary. Let’s see what purposes these distur-
bances can serve.

An organism has two sources of energy,
viz., glucose and fatty acids. The utiliza-
tion of these energy substrates is regulated
by special mechanisms. For example, fatty
acids are the main fuel during the night
when there is no intake of food. But the
use of fatty acids reduces the consumption
of glucose by the muscular tissue, which
serves to preserve the glucose stores during
the period of nocturnal starvation. As a
result, the glucose can be used to supply the
cells of the nervous system with energy.
Furthermore, the glucose that is saved from
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consumption in the organism of a pregnant
woman is supplied to the fetus, for which it
is actually the only source of energy.
Finally, fat is synthesized from the fatty
acids and products of glucose metabolism
in the mother’s liver and adipose tissue,
owing to which obesity, which is so typical
of pregnancy, develops.

When the amount of fat in the organism
increases, an abundant amount of fatty
acids enters the blood from the fat depots.
Therefore, an increase in the concentration
of fatty acids, which inhibits the use of glu-
cose by the tissues, leads ta a farther increase
in the concentration of glucose in the
blood after a meal. A phenomenon arises
which is characteristic of latent diabetes
mellitus. During this period, fatty acids
are the basic source of energy in the organ-
ism of a pregnant woman. But only a limit-
ed amount of fatty acids can be supplied
through the placental barrier, which pro-
tects the cells of the fetus against potential
toxic effects associated with the intensive
utilization of fatty acids. At the same time,
an increased amount of cholesterol, an inher-
ent structural element of each cell, is pro-
duced in the maternal organism from the
products of fatty acid metabolism.

Cholesterol is part of the framework of
the cell membrane. The majority of cell
types are unable to independently synthe-
size the amount that is necessary to build
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the cell membrane, and, thus, they receive
cholesterol synthesized by the liver. The
capacity of the fetus’ liver is still small:
it does not satisfy the requirements of the
rapidly growing cell mass; therefore, chole-
sterol must be supplied from the maternal
organism. But this source of cholesterol is
also quite limited. After all, the law of con-
stancy of the internal environment is spe-
cifically intended to protect the organism
against a shortage or an abundance of a me-
tabolite. For this reason, the law of con-
stancy must be breached: the fetus’ devel-
opmental requirements for cholesterol
must be met.

An essential characteristic of this homeo-
static disturbance is the fact that the mech-
anism changing the homeostasis is locat-
ed in the placenta, which is a temporary
organ. During pregnancy the placenta pro-
duces a series of hormones, one of which is
the placental growth hormone, which reduces
the utilization of glucose in the maternal
organism. Furthermore, the placenta is not
a permanent part of the neuro-endocrine
system, and it is not included in the system
of seli-regulation that restrains the activity
of other endocrine glands by the cybernetic
negative feedback mechanism. Therefore,
the production of placental hormones
increases practically up to the end of
pregnancy paralleling the increase in the
size of the placenta. Thus, the disturbance
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in homeostasis is maintained during the
entire term of pregnancy; however, the ho-
meostatic changes that are characteristic
of the term of pregnancy are temporary
because the existence of the placenta comes
to an end with childbirth. The shifts in me-
tabolism that contribute to the onset of
diseases are also eliminated.

In light of that stated above it is possible
to understand what purpose these metabo-
lic disturbances serve, being manifested in
extreme cases in pregnancy-induced dia-
betes mellitus, i.e., in essence, in a “planned”
disease. All these changes are neces-
sary for the material support of the fetal
development program. This biological task
can be fulfilled only by disturbing the
homeostasis. It is clear that diabetes mel-
litus in this situation is a by-product of
mechanisms that are necessary for the re-
alization of the principal task, i.e., the repro-
duction.

The changes described are not only con-
fined to the class Mammalia. They are man-
ifested most vividly in some species that
are quite remote from mammals, in particu-
lar, in the Pacific salmon. This fish lives in
the Pacific Ocean for four to five years af-
ter hatching from fertilized eggs in the
mouths of Far East rivers. During this period
the fish matures, its size increases, and it
accumulates fat. But when the period of
reproduction approaches, the fish begins its
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long journey, sometimes extendmg over
thousands of kilometres, to the mouth of
the river where it was born. From the very
beginning of this journey the fish uses main-
ly its fat reserves as the source of energy.
The store of fat reduces but the concentra-
tion of cholesterol in the blood, which is
synthesized from the fat, increases. The
fish “grows old” within one to two months:
its jaws bend, the eyes sink in, the skin
becomes thin. Comprehensive shifts take place
in the fish’s organism with signs charac-
teristic of diabetes mellitus and atheroscle-
rosis appearing. The salmon's resistance to
infections weakens. Finally, the female dep-
osits eggs to be fertilized by the male. The
parent-fish dies one or two weeks later.
The causes of death are numerous infarc-
tions of the heart, brain, lungs, and kidneys.
The reason is clear: the concentration of
cholesterol in the blood of a Pacific sal-
mon during spawning increases up to
1000 mg%, i.e., approximately tenfold.
All the fish die: no representatives of this
species return to the ocean after spawning.

The mechanism of death of the Pacific
salmon is a typical example of death due
to internal causes, which also gives the
impression that there is such a thing as
programmed death. The life of the fish seems
to end in conformity with a program stored
in the genes, as if a “stop” signal is en-
coded there.
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But let’s ponder over this: by acknowledg-
ing the correctness of this conclusion,
we are acknowledging that nature has a
goal, which is the death of the individual
after the end of reproduction. However, it
can be asserted quite definitely that nature
has no such goal, and what is more, it
cannot have such a goal (see Chapter 11).

How can these mutually incompatible
theses be combined? In reality, what is re-
corded in the genetic code of an organism
is the reproduction of ones similar to one-
self. This process must be materially sup-
ported. Apparently, owing to certain con-
ditions of the habitat, the majority of sex
cells in the Pacific salmon perish after it
spawns without being fertilized. But the
capacity to produce a large quantity of sex
cells mollifies the action of this factor which
is unfavourable for reproduction.

What is the reason for the accumulation
of fat in the liver and in the “hump” if
the Pacific salmon is destined to die soon
after spawning? The point is that choleste-
rol is formed from the fat and each sex cell
contains a large amount of cholesterol.
This cholesterol is the material used for
building the membranes of the sex cells
that develop into a complex organism after
fertilization. But at the same time, an in-
crease in the cholesterol content of the
blood affects the vessels and, in the end,
leads to the death of the organism. Thus,
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in essence, the surplus cholesterol in the
blood supports the process of reproduction,
while the death of the salmon is only a col-
lateral consequence caused by a disturbance
in the constancy of the organism’s internal
environment.

From this point of view, the death of the
Pacific salmon is a particular example of
death due to disturbances in the system of
self-regulation. The particular significance
of this example lies in the fact that the
changes in the system of self-regulation,
which result in an increased production of
cholesterol, are induced by signals from the
sex glands, i.e., the death mechanism
switches on in accordance with the require-
ments of the reproduction program. But
the sexual function is also switched on due
to the more intensive work of the self-regu-
lating system, which, on the one hand, satis-
fies the requirements of reproduction, and,
on the other, turns into an instrument that
brings about the death of the organism due
to internal causes. Thus, death due to inter-
nal causes, which is characteristic of highly
organized living systems, is a result of the
interaction between the mechanisms of de-
velopment and stabilization that are pro-
tected by the law of constancy of the homeo-
stasis.

But if deviation of homeostasis is really
a necessary condition for the development
and growth of the organism, then how can
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this deviation be realized in mammals, in
particular in a human during the develop-
ment and growth of the child after its
birth?

Healthy children usually appear stout
during their early life. Many ancient sculp-
tures and paintings immortalized this pe-
culiarity. This is in fact a manifestation of
the same thesis, viz., development requires
additional energy, which is derived from
fat. In the given case the pleasant stout-
ness of the child reflects the disturbance in
the constancy of the internal environment,

And it cannot be otherwise. Growth (of
the fetus and then of the child) is associated
with the emergence of new cells, and they,
in particular, need additional cholesterol,
which in its turn, is synthesized when the
utilization of fat increases.

But how is an increase in the capacity of
the homeostatic system, which is protected
by the law of constancy of the internal envi-
ronment, ensured?

A study of this problem leads to the con-
clusion that the law of deviation of homeo-
stasis does not extend to all the regulated
functions of a living organism; rather it
applies to only three of them. But these
three functions control the three basic
properties of a living organism.

What distinguishes a living system from
a nonliving one is the capacity to repro-
duce, adapt and regulate the flow of energy
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(or metabolism). Metabolism, which ensures
maintenance of the energy processes, is the
main one of the three basic properties of a
living system. In the final end, a living
system is an energy-converting machine run-
ning on fuel—food—to maintain its struc-
ture and activity.

At the same time, the activity of a living
system is significantly subordinated to the
requirements for adaptation to the chang-
ing conditions of the organism’s external
and internal environment. The greater the
capacity for adaptation, the greater the
vitality of the system. It is quite natural
that the energy processes also lie at the
base of adaptation (see Chapter 4).

Finally, the capacity for reproduction is
the property that ensures the continuation
of the species. Reproduction is also support-
ed by the activity of the energy system.
An extreme variant of such support is pro-
vided by the example of the Pacific sal-
mon’s mechanism of natural death.

These three basic properties of a living
system are characterized by close inter-
action. But they are also united by the re-
quirements set by the developing organism.
An increase in body size, intensification
of protective functions, and maturation of
reproductive capacity vividly characterize
the increase in the capacity of the energy,
adaptational and sexual (reproductive)
systems as the organism develops.

6-0394
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The three properties of a living system
need structural organization, i.e., a certain
mechanism that would permit them to
manifest themselves in an organism. Corre-
spondingly, each complex organism incor-
porates an energy, an adaptational, and a
reproductive system that can be designated
as an energy, adaptational, and reproduc-
tive homeostat®.

Unlike classical cybernetic systems,
which are usually designed to maintain
constancy in the controlled system, self-
development takes place in the energy,
adaptational and reproductive homeostat,
increasing the capacity of these systems in
conformity with the requirements of the
developing organism. Therefore, it would
be correct to call self-developing homeostat-
ic systems as dynamic-cybernetic systems.

For instance, to maintain constant tem-
perature in one or the other system, the sen-
sitivity of the regulator to the wvarying
temperature must be kept constant. In-
deed, when the temperature in the thermo-
stat reaches its predetermined limit, a sig-

* The term “homeostat” sounds and, to a certain
extent, is similar in meaning to the term “thermo-
stat”. As in the case of a thermostat, which is
designed to maintain a certain temperature, the
energy, adaptational and reproductive homeostat
contains a mechanism for the regulation of the
corresponding property, or function. But this
regulation is specific.
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nal is transmitted to the regulator to switch
off the heating system.

But let's imagine that the sensitivity of
the regulator to the temperature gradually
drops in time. This inevitably leads to heat-
ing of the thermostat to a higher tempera-
ture until the regulator is acted upon to
switch off the thermal element. If the sensitiv-
ity of the regulator continues to drop, even
slowly, the thermostat heats up more and
more. In other words, the thermal output
of the thermostat, or its capacity, in-
creases.

Thus, the difference in the principle of
regulation between classical and dynamic-
cybernetic systems is that the sensitivity
of the regulator in the latter changes. If
the mechanism of cybernetic regulation is
preserved, it leads to, in the final end, a dis-
turbance in stability, i.e., a deviation of
homeostasis.

This change in the sensitivity “set point”
of the hypothalamus, which controls the
three basic truths of homeostasis, in
reality exists. It is observed most clearly
in the mechanism of age-related engagement
of the reproductive function (Chapter 5).

Thus, alongside the mechanism that main-
tains equilibrium and constancy (homeo-
stasis) at each given moment, there is a
mechanism that ensures disturbance of the
homeostasis over time, thereby realizing
the developmental program of the organ-

6w
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ism. And, if stability of the organism’s
internal environment is the organism'’s
law of existence, then programmed distur-
bance of the homeostasis is the organism’s
law of development. Therefore, the law of
deviation of homeostasis coexists with the
law of constancy of the internal environ-
ment.

However, a skeptic may ask: but what
is new about the law of development? It
was clear without it that, owing to the pres-
ence of a genetic program of development,
a concrete mechanism ensuring this devel-
opment should exist. But an answer to this
seemingly simple question can be formulat-
ed only on the basis of the law named by
the author as the law of deviation of homeo-
stasis and, what is just as important, on the
hypothalamic mechanism of realization of
this law.

If only the law of constancy of the inter-
nal environment existed, then a number of
exceptions would be necessary that would
prohibit the action of this law under all
the conditions arising during the organism’s
development, because development, as we
have just elucidated, is always associated
with a disturbance in equilibrium and sta-
bility. In other words, the law of constan-
cy of the internal environment without its
antipode—the law of deviation of homeo-
stasis—should prohibit development. Con-
sequently, the fundamental law of con-
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stancy of the internal environment can
exist only in dialectical unity with its op-
posite.

But this is not all. Both laws should be
realized by similar rules (mechanisms)
so that both opposed laws could coexist,
ensuring both stability at each given mo-
ment, and the disturbance of stability over
time. This condition can be satisfied only
at the uniting, integral level of the hypo-
thalamus where the three basic homeostatic
systems meet.

In regard to how these two opposite func-
tions are technically combined, the follow-
ing can be assumed. Though the activity
of the whole hypothalamus is directed to-
ward realization of the law of constancy of
the internal environment, the part of this
activity that simultaneously serves the op-
posite law, i.e., the law of deviation of ho-
meostasis, is as if isolated, forming a hy-
pothalamic-pituitary complex. We men-
tioned earlier that the three basic properties
of a living organism, i.e., the capacity to
regulate the energy flux, adaptation and
reproduction, should intensify during the
organism’s growth and development. Thus,
the law of deviation of homeostasis is real-
ized. But this increase in capacity is hard-
ly possible only as a result of changes in the
hypothalamus. The hypothalamus is made
of nerve cells that lose the ability to divide
at a mature age,
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The anterior lobe of the pituitary gland,
which is included in the hypothalamic-pi-
tuitary complex, is another matter. This
part of the pituitary gland consists of glan-
dular tissue, which is characterized by the
ability to increase the working volume of
each of its cells as well as the quantity of
cells. Therefore, the capacity of the sys-
tem can easily increase (on account of activ-
ity of the pituitary gland) and, at the same
time, accurate regulation can be preserved
in accordance with the hormonal sig-
nals from the nerve cells of the hypothala-
mus. As a result, the hypothalamic-pitui-
tary complex is the “physical base” of a spe-
cial type of regulation characteristic of
dynamic-cybernetic systems of the energy,
adaptational and reproductive homeo-
stat.

But the hypothalamic-pituitary complex
is not sufficient to increase the capacity of
the latter three homeostats. It is clear that
an unusual pathway for changing the regu-
lation is necessary, for which the cybernetic
principle, characteristic of all the systems
of control, would transform into a dynamic-
cybernetic one in conformity with the law
of deviation of homeostasis.

This principle lies at the organism’s ba-
sis of development. Hence, the law of con-
stancy of the internal environment and the
law of deviation of homeostasis are real-
ized in the hypothalamus simultaneously.
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But there is another property of the hy-
pothalamus (as a part of the nervous sys-
tem) that ensures realization of the law of
deviation of homeostasis.

Each nerve cell is a miniature endocrine
gland in that it produces substances that,
in principle, are similar to typical hor-
mones. As applied to the nervous system,
these substances are called mediators, neuro-
transmitters, or neuromediators.

The nerve cells, strictly speaking, do not
form a continuous circuit along which an
electric impulse—a signal—would travel.
Processes branch away from the body of
each nerve cell and are arranged near the
membrane of the adjacent nerve cell. Me-
diators are secreted from the process into
the space, or cleft (synaptic cleft), between
the nerve cells, which, like hormones, act
on the membrane receptors of the adjacent
nerve cell. They either stimulate or inhibit
its activity. Each hypothalamic cell also
has membrane receptors for the working
hormones of endocrine glands. These hor-
mones act on the hypothalamus through a
feedback mechanism, by stimulating or
inhibiting the activity of the hypothalamic
cells.

Each one of the three basic homeostatic
systems is represented as nuclei, or centres,
in the hypothalamus. Special hypothalamic
hormones are produced in the cells of these
centres that control the release of each hor-
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mone of the anterior pituitary. In their
turn, the pituitary hormones and the hor-
mones of the peripheral endocrine glands,
i.e., the working hormones, effect the
nerve cells that form these centres.

The structure of the hypothalamus ensures
wide possibilities for changing the sensi-
tivity threshold of this regulator. Indeed,
the most simple method for changing the
sensitivity threshold to the working hor-
mones is to change the quantity of receptors
on the cell membranes of the respective hy-
pothalamic centre, e.g., “the sexual cen-
tre” of the reproductive system. If there
are fewer receptors, then fewer molecules
of the working hormone interact with the
membrane of the nerve cell and correspond-
ingly the sensitivity of the hypothalamic
regulator decreases. (The quantity of hor-
monal receptors on the cell membrane is re-
duced if the concentration of the hormone
related to these receptors increases in the
blood. As a result, the organism is pro-
tected against an excess hormonal effect.)

In addition, as a result of changes in the
cell (plasma) membranes, in particular,
owing to the accumulation of cholesterol
therein, the ability of the receptors to trans-
locate decreases, thereby reducing the per-
ception of hormonal signals. The concentra-
tion of neuromediators also decreases. It
is precisely these phenomena that are ob-
served in normal aging.
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Thus, interdependence of both laws leads
to a consequence of decisive significance in
the life of each individual.

The law of deviation of homeostasis is
not abrogated when the organism’s develop-
mental program is carried out to comple-
tion. On the contrary, it continues to be
realized with the same consistency as earlier.
Therefore, if deviation of homeostasis at
first serves the purposes of development and
growth, it later transforms into a force dis-
turbing the constancy of the internal en-
vironment. As a result, features character-
istic of normal aging and diseases of aging
gradually develop. This is the reason why
disturbances in regulation lie at the basis
of natural death in higher organisms. The
processes occurring quite acutely in the
Pacific salmon occur much more slowly in
mammals. Only the forms of the phenome-
na, not the phenamena per se, change.

The data in Table 1 demonstrate that the
causes of death in such mutually remote
species, as, for instance, Pacific salmon,
rat, and human being, practically coincide.
If the discussion did not concern the mecha-
nism of death, it would be possible to say
that this mechanism is a miracle of perfec-
tion.

Hence, aging in higher organisms, includ-
ing humans, is directly associated with
development, i.e., the same factors that
ensure the organism’s development conti-
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Table 1. Com;I)arison of Regulatory Causes of Death

in Pacific S

almon, Rat, and Human Being

Pacific_salmon

(by B. Weksler Rat Human bein,
1976) ' being
Increase in Increase in Increase in
blood sugar con- | blood sugar con- | blood sugar con-
centration centration centration
Increase in Increase in Increase in con-

blood free fatty
acid concentra-
tion

Increase in ac-
tivity of adre-
nal cortex

Atrophy of thy-
mus

Obesity

Increase in con-
centration of
cholesterol  in
blood (up to

1000 mg % when
spawning)

blood free fatty
acid concentra-
tion

Increase in con-
centratlon of
glycendes
cholesterol
m blood

Increase in ac-
tivity of adrenal
cortex

Obesity

Atrophy of thy-
mus with de-
creasein immu-
nity

centration of in-
sulin in blood

Increase in con-
centration of
trxglycerides

cholesterol
in blood

Increase in ac-
tivity of adre-
nal cortex (rel-
ative surplus of
cortisol)

Obesity

Decrease in cel-
lular immunity
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Table 1 (concluded)

Pacific_ salmon
(by B. Weksler,
1976)

Rat

Human being

Death due to in-
farction of myo-
cardium, brain,
kidneys and lung

Death due to
arteriosclerosis,
tumour of pitui-
tary gland, in-
fections, and
cancer

Death in 85 out
of 100 (on the
average) mid-
dle-aged and el-
derly adults due
to: obesity, dia-
betes mellitus
in obese hu-
mans,  hyper-
adaptosis, cli-
macteric, ath-
erosclerosis, met-
abolic immuno-
depression, au-
toimmune dis-
eases, hyperten-
sion, mental
depression, and
cancer — the
major (noninfec-
tious) diseases

nue to be active after growth and sexual
maturation are completed, being at the
same time the cause of aging. The signs of
aging are extremely uniform in all the indi-
viduals of every species, including humans,
because development occurs according to a

strict genetic

program.
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Nevertheless, this does not mean that
aging is programmed. We are speaking here
of the transformation of the developmen-
tal program into a mechanism of aging and
age-related diseases. Therefore, only eight
to ten diseases of the many hundred known
are the cause of death in 85 out of every
100 middle-aged and elderly humans under
natural conditions.

However, the fact that these diseases de-
velop without fail, as if by a certain plan
outlined by developmental mechanism, is
a source of optimism. Indeed, if aging and
age-related diseases developed because of
numerously diverse and accidental causes,
the search for a way to counteract their
development would be severely hampered.
And what is more, the dependence of cer-
tain diseases on the strict order of the inter-
nal factors of an organism’s development
and on many external factors, whose chaot-
ic occurrence seems to refute the idea of
order established by the law of deviation of
homeostasis, has made it impossible for
many years to see all that which is similar
in the disturbance in homeostasis and which
conditions the origin of these diseases.

The concept of deviation of homeostasis
assists in finding some order in this chaos
of vital events and in creating a new system
of influences on the major human diseases.
Special attention should be focussed, in
particular, on the following circumstance.
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An increase in the capacity of the prin-
cipal homeostats in the aging process means
that aging and age-related diseases do not
occur because of a decrease or fading away
of the activity of. systems regulating the
energy processes, adaptation and reproduc-
tion, but, on the contrary, due to their
intensification and excess tension. This very
important point seems quite improbable
because we all know that the organism’s
capacity for work, strength, reproductive
potency, and endurance decrease with age.
But all of this is a result of aging and we
are discussing here how aging begins. Dur-
ing aging, life seems to be uncontrolled
(as happens sooner or later in a thermostat
if its regulator can no longer control the
temperature rise in the system because of
its decrease in sensitivity).*

For example, it is known that the heart
weakens in the course of time. But this is
* The idea of incompatibility of stability and
development is discussed in several works: to
begin with, in the works by E. Bauer (1935);
in A. Comfort’s (1979) figurative expression on
the “homeostasis drift”, or in the use of the term
“homeorrhesis” suggested by Waddington (1957)
for the determination of genetic concepts. But,
no conclusions on how deviation of homeostasis
occurs in the process of aging and on how the
unity of the developmental mechanism, aging and
age-related diseases is maintained at the regulatory
level (or principle) follow from these works and
statements.
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preceded by an increase in its size, i.e.,
an increase in its capacity. An aging human
functions as if ascending a staircase. But
if this is true, then the search for ways and
means of influence essentially change. In
the light of new concepts it is often neces-
sary not to stimulate, but on the contrary
to inhibit, the activity of one or the other
system.

Based on the law of deviation of homeo-
stasis it becomes clearer why everything
happens in exactly this way and not other-
'wise. And what is more, the law of constan-
cy of the internal environment restricts
the sphere of application of the law of de-
viation of homeostasis to three basic home-
ostatic systems. In other words, all the
physiological parameters of the organism
that are protected by the law of constancy
of the internal environment do not partic-
ipate in the development of the regular
age-related diseases.

In addition, all this indicates that the
major diseases of higher organisms cannot
be eliminated without interfering with these
biological  regularities, because these
diseases represent the high, but quite accept-
able, cost for the perfection gained during
evolution. Homo sapiens, who is not only
the highest product of living Nature, but
also its tool, which now at this new stage
accelerates, changes and improves the evo-
lution of living nature, and, consequently
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itself, must interfere with this dialectically
contradictory influence of the laws of sta-
bility and of deviation of homeostasis.
Therefore, in the next three chapters let
us discuss how the age-related changes in the
activity of the three basic homeostatic sys-
tems, induce the onset of three normal dis-
eases, viz., hyperadaptosis, climacteric, and
obesity, which always develop at a varying
rate as a result of regular deviation of
homeostasis in the process of ontogenesis.



Chapter 4

Hyperadaptosis: a Normal Disease
of the Adaptational Homeostat

An aging human begins to live as if in
a state of chronic stress, and therefore be-
comes increasingly less protected when real
stress lays its claims on the organism. Time
is a universal stress factor.

In the previous chapter we discussed how ho-
meostasis is disturbed under the influence
of unfavourable external stress factors and,
as a result, certain diseases develop if the
stressful condition is too intense, or conti-
nues for too long. At the same time, protec-
tion against the effect of stress factors,
or, as this phenomenon is commonly called,
adaptation to changes in the external and
internal environments is one of the main
properties of aliving organism. Unicells and
complex higher organisms possess the ca-
pacity for adaptation, though, naturally,
it is manifested differently.

The structure of unicells does not ensure
reliable protection when there are signifi-
cant changes in the external environment.
Correspondingly, the major form of adap-
tation in unicells is variability, i.e., the
loss of its initial individuality. The adapta-
tion of microorganisms to toxic substances,
in particular, antibiotics, is based on this

property.
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Higher organisms, on the contrary, pre-
serve their individuality by means of spe-
cific protective mechanisms, which is con-
sistent with the principle of maintaining
the homeostasis. These mechanisms accom-
plish the variations that are necessary for
protection but, at the same time, they pre-
serve the ability of the organism to return
to the initial state when protection is no
longer required.

Adaptation to damaging factors is accom-
plished at all the levels of the organism, be-
ginning with the cellular level. However,
there is a specialized adaptational system,
or adaptational homeostat that realizes
the homeostatic protective reaction in high-
er organisms. The basic components of
this system are the adrenal cortex, which
produces cortisol, the hormone of protec-
tion; the pituitary gland, which produces
corticotropin to regulate the release of cor-
tisol; and, finally, the hypothalamus, which
controls the secretion of corticotropin (Fig.
4). These three elements follow the com-
mands of the feedback mechanism. For exam-
ple, if the concentration of cortisol in the
blood increases, then in accordance with
the feedback mechanism it inhibits the activ-
ity of the hypothalamo-pituitary com-
plex, and correspondingly, the production of
its regulator, corticotropin. As a result, the
secretion of cortisol by the adrenal cortex
decreases.

7—-0394
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The presence of this interdependence is
" easily verified as follows. An animal is
administered a certain amount of cortisol,

—-N—-> CNS

|
s
l.

1" .
——) Pituitary gland
11:

Fig. 4. Structure of the adaptational homeostat:
I—hypothalamic hormone that stimulates pro-
duction of corticotropin; II—corticotropin, hypo-
physeal hormone that stimulates production of
cortisol by adrenal cortex; III—cortisol, adrenal
cortex hormone that acts on the hypothalamus
and pituitary gland through negative feedback;
IV—cortisol exerts its effects at the level of the
central nervous system (CNS)..

or dexamethasone, its derivative. Dexa-
methasone, which inhibits the secretion of
corticotropin by negative feedback decreases
the activity of the adrenal cortex, which
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is controlled by corticotropin, i.e., de-
creases the secretion of cortisol.

If the same dose of dexamethasone is
used, then the concentration of cortisol in
the blood depends on the sensitivity thresh-
old of the hypothalamus to dexametha-
sone. For example, the level of cortisol in
the blood decreases by 51% in two-month-
old rats under the effect of dexamethasone,
and only by 11% in eight-month-old rats.
Consequently, dexamethasone test demon-
strates a decreased inhibiting effect on the
hypothalamus in the older animals. In other
words, the sensitivity threshold of the hy-
pothalamus to the inhibiting effect of the
working hormone, dexamethasone, increases
with age. This simple experiment is sur-
prising in its informativeness: it simultane-
ously demonstrates the mechanism and the
fundamental law of biology, i.e., the law of
constancy of the internal environment, and
its antipode, the law of deviation of homeo-
stasis.

The same phenomenon is observed in hu-
mans. For example, a given dose of dexa-
methasone decreased the concentration of
cortisol in the blood by 33% in a group of
humans whose average age was 50.5 years,
and by 47% in younger people (average age
35.4 years). This means that with age the
hypothalamus is less able to perceive regu-
lating signals, becomes less sensitive to
these signals, and this inevitably results

Th
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in a disturbance of the law of constancy of
the internal environment.

Disturbance of this fundamental law
leads to the development of a disease because
a stable environment is the main condition
for preserving the “quality of life” and the
individual's life per se. During aging the
adaptational homeostat continuously expe-
riences effects that arise acutely during pe-
riods of stress when the organization of
protection against the damaging agent
(stress factor) demands an increase in the
working capacity of the organism. The sup-
ply of energy, viz., glucose and fatty acids,
as well as an increase in the concentration
of the protective hormone, cortisol, is of fun-
damental significance in the organization of
antistress protection (Chapter 2).

But according to the mechanism of nega-
tive feedback, an increase in the concentra-
tion of cortisol in the blood should induce a
decrease in its production. However, if the
hypothalamic sensitivity threshold to inhib-
iting signals increases, then the mecha-
nism of negative feedback operates with
a time lag, or is insufficiently effective in
general. Therefore, the adaptational hor-
mones exert an excessive, i.e., an undesi-
rable, influence on the organism in the
course of normal aging as aresult of a distur-
bance in regulation. ’

Thus, if you carefully look at a man who
is approximately 45 to 50 years old and is
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still strong, you will see that his legs are
thinner than they should be to correspond
to his trunk, and the features of his face are
more rounded than in young men, who are,
possibly, not so strong physically. These
variations are indications of the effect
of excessive cortisol on the organism.

In essence, the age-related increase in the
hypothalamic threshold in the adaptational
homeostat creates a normal, i.e., a regular,
disease that can be called “hyperadapto-
sis”. Indeed, hyperadaptosis is a disease
because the excessive reaction to stress in-
duces a decrease in the vital capacity of
the organism. But hyperadaptosis is a
“normal disease” because it always arises
during aging of the organism and not under
the influence of external causes or acciden-
tal breakdown of the regulator.

What is the difference between hyper-
adaptosis and adaptation diseases?

It is known that the adaptational homeo-
stat that assists the organism in enduring
the onset of harmful effects of the exter-
nal environment is itself subjected to
changes under the influence of stress factors.
Adaptation diseases, i.e., diseases that de-
velop in the process of efiecting protection,
are associated with these changes. Hyper-
adaptosis develops because of internal rea-
sons that change the system of regulation in
the adaptational homeostat irrespective of
the influence of external stress agents,
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It is precisely the hypothalamic shifts,
which are typical of normal aging, that
result in the less effective regulation of the
adaptational system and in its increased
inertness. The hypothalamic regulator not
only loses its ability to respond “keenly”
to the changes in the external and internal
environments, but, in part, it begins to live
a kind of detached life, gradually creating
disturbances in the adaptational system it-
self. In a certain sense it is better not to de-
pend on the main regulator than to have a
poorly operating one.

Therefore, hyperadaptosis also arises
under the most favourable circumstances,
just under the influence of the time factor.
But hyperadaptosis is not only a “normal
disease of aging”, which introduces features
of chronic stress into the life of the orga-
nism. When a real stressful situation arises,
the wunregulated adaptational system
does not establish equilibrium for a longer
time than normally, and its response to
stress becomes excessive on the whole.

The latter case is clearly illustrated by
data on the stress reaction caused by sur-
gery (Table 2). Pre-operative patients with
a decrease in the sensitivity of the hypo-
thalamo-pituitary system in the dexameth-
asone test (group II) showed a higher increase
in the concentration of cortisol in the
blood than the patients with normal sensi-
tivity to dexamethasone (group I). In addi-
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Table 2. Blood Concentration of II-Hydroxycorti-
costeroids (nmol/1) Depending on Sensitivity to
Dexamethasone in Patients with Carcinoma of
Stomach During Surgical Operation

I — dexameth- | IT —dexameth-
Time of blood samplin asone-sensi- asone-resis-
ampling tive patients | tant patients

Prior to operation 395+4-36.7 450+-35.6
End of operation 775+£72.3 | 903+1.7
After operation:

1 day 428+45.5 | 50831-64.3
9 days 40046 .1 5274-42.5

tion, it was precisely the excessive anti-
stress reaction that combined with a great-
er number of various complications after
surgery (13% and 39%, respectively).

But as aging progresses, regulatory distur-
bances arise in the adaptational system
in an increasing number of people.
Therefore, the organism pays more for its
protection in old age than during its
youth, Aging per se forces a per-
son to live as if in a state of constant
stress even when no such stress exists.
The storm of metabolic shifts arising during
aging is at first not so extreme as in the
case of stress, but the storm does not abate
and it gradually destroys the foundation of
health, the constancy of the internal envi-
ronment.

Hyperadaptosis is one of the reasons why
an elderly person can exist within a narrow-
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er range of changes in the internal and
external environments. Quite frequently
minor factors, such as worry, physical
overstrain, digestive disturbances, or even
a light cold, may be the cause of sudden,
seemingly unfounded death—death due to
old age, as it is frequently referred to.

However, though the latter statement is
generally recognized even in gerontology,
it is vulnerable in many aspects. First and
foremost, a decrease in the capacity for
adaptation (as evidenced by death due to
insignificant factors) is, in essence, also a
consequence of a disease, hyperadaptosis,
and of the accumulation of damages in var-
ious organs and systems that accompany
hyperadaptosis and similar age-related pro-
cesses. Meanwhile, the direct cause of hy-
peradaptosis is the decrease in the concen-
tration of neuromediators in the hypothala-
mus, primarily, dopamine and serotonin.
In this respect, hyperadaptosis is similar
to mental depression. This is the reason why
prolonged stress situations frequently wors-
en one’s mood, while in old age mental
depression to one or another degree is a
common, i.e. a normal, phenomenon.

Nobody dies of old age. A human dies
in old age of diseases, though in some cases
this is not self-evident. Hyperadaptosis is
an unusual disease: it develops in everyone,
is not caused by obviousreasons and, there-
fore, seems non-existent,
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A living organism pays for its adapta-
tion to external influences by accelerated
aging. Then disturbance of adaptation, which
arises in the process of normal aging, pays
this fare without any call for protection, in
essence, in spite of the organism. That
which caused adaptation, in the final end,
deprives the organism of the ability to
adapt to the most moderate requirements
set by life, and owing to the effect of inter-
nal factors induces a disease, viz., hyper-
adaptosis.

But what are these factors that so sig-
nificantly alter thereactions of the organism?
It can be stated most generally that they
are the forces that served the development
of the organism. It will be seen in the follow-
ing chapter that this is precisely so,



Chapter 5

The Climacteric: Normal Disease
of the Reproductive System

The climacteric is the norm and, at the
same time, it is a disease. It is the norm
because it is a regular phenomenon in the
female organism, and it is a disease because
it indicates a stable disturbance of regula-
tion, causing, in the final end, a decrease
in the vital activity of the organism.

As in all systems controlled by the hypo-
thalamus, three structural storeys can be
distinguished in the reproductive system:
the hypothalamus, the pituitary. gland,
and sexual glands.
- The hypothalamic sexual centre pro-
duces a gonadotropin releasing hormone
(GnRH) which stimulates the secretion of
gonadotropic hormones by the pituitary
gland, which are regulators of the sexual
glands. In their turn, the gonadotropins
stimulate the production of sex hormones
by the sexual glands and maturation of the
sex cells. This three-component system is
controlled by the negative feedback mecha-
nism. In particular, the female sex hormones
possess the capacity to inhibit the activity of
the hypothalamus, thereby reducing the
release of gonadotropins.

The reader certainly understands by now
that if this mechanism always operated ac-
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cording to the rules of classical cybernetics,
it would have preserved the stability of the
system, but it would be this stability that
would prevent development (just as a tem-
perature rise above the norm is prevented
by a thermostat in good repair). But it is
well-known that there is no such stability
in the reproductive system. All higher ani-
mals are born sexually immature and sexu-
al maturity occurs in due time.

How is sexual maturation inhibited un-
til the time the organism is ready for re-
production?

To answer this let’s examine a model of
the sexual maturation mechanism suggest-
ed already in 1959 by two researchers,
B. Donovan and J. J. Van der Werff Ten
Bosch.

The hypothalamus in mammals, includ-
ing humans, is characterized immediately
after birth by high sensitivity to the inhibit-
ing influence of the sex hormones that are
already produced by the sexually imma-
ture organism. Therefore, the activity of the
sexual centre of the hypothalamus is sup-
pressed through negative feedback between
the stated centre—the hypothalamus—and
the working organ—the sexual glands. Un-
der these conditions the hypothalamus does
not stimulate the production of pituitary
hormones that control the activity of the
sexual glands, and the entire reproductive
system is in a state close to calmness. This
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equilibrium would be preserved for a long
time, theoretically, in the course of the
entire lifetime, if the sensitivity of the hy-
pothalamus to the sex hormones remained
at the same level. But the sensitivity of the
hypothalamus to the inhibiting influence of
the sex hormones decreases with age. This
phenomenon can be illustrated by the fol-
Jowing experimental data.

To suppress the activity of the hypothala-
mus by 50% in one-month-old rats (i.e.,
before maturity), 0.5 pg of diethylstilbest-
rol, an analogue of the female sex hor-
mone, must be injected each week. Four times
more of this preparation is necessary to sup-
press the sexual centre of the hypothalamus
in a mature animal. But if the sensitivity
. threshold of the sexual centre to suppression
rises, then the hypothalamus is gradually
freed of this inhibitor, and thereby in-
creases its activity and, finally, stimulates
the development of the sexual glands. In
accordance, the production of sex hormones
also increases, which induces the develop-
ment of secondary sexual characteristics,
and so on. Hence, sexual maturation is
based on the increased activity of the hypo-
thalamus, or, to be more.exact, on the in-
crease in the hypothalamic sensitivity
threshold to the sex hormones.

Let's try to understand why the rise in
the hypothalamic threshold is of key sig-
nificance in sexual development. Sexual mat-
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uration is inseparable from an increase in
the capacity of the reproductive homeostatic
system. But bearing in mind that any homeo-
static system consists of a regulator and a
working organ, and that their interaction
is conditioned by the feedback mechanism,
it is easy to understand that a rise in the
sensitivity threshold of the regulator (in
the given case, the hypothalamus) is the
only way of increasing the capacity of
the system, and, at the same time, preserv-
ing the feedback mechanism.

Let's assume that an increase in the sys-
tem’s capacity occurs by another way,
viz., by the independent increase in the
activity of the working organ, the sexual
glands. In this case an increase in the sex
hormone concentration in the blood because
of negative feedback between the working
gland and its regulator would firmly inhib-
it the activity of the regulator, the hypo-
thalamus: it would eliminate the very pos-
sibility of regulation and development.
This situation is observed, for instance,
when a tumour that secretes hormones de-
velops in the sexual glands. A tumour
that produces an excess quantity of sex
hormones causes the appearance of second-
ary signs of maturation, but it is unable
to induce true sexual maturation. In this
case, the capacity for fertilization is lack-
ing owing to stable suppression of the
hypothalamic regulator by the high level
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of sex hormones which exert their effects
through negative feedback. Hence, the as-
sumption is wrong that the increase in the
activity of the peripheral element in the
homeostatic system is the key factor in the
maturation of the reproductive system.

But with an increase in the system’s ca-
pacity, when a risein the sensitivity thresh-
old of the hypothalamic regulator to the
sex hormones is the key mechanism, these
hormones are unable to firmly inhibit the
activity of this mechanism. On the con-
trary, this activity is gradually intensified
and the hormones that stimulate the sexual
glands—the gonadotropins—are secreted
in increasing quantities, forcing the sex
-glands to function more and more inten-
sively until sexual maturation is complete.

The data in Table 3 demonstrate the type
of changes that are unusual in the cyber-
netic (reproductive) system during which
the concentrations of the central regulat-
ing hormones—the gonadotropins—and the
peripheral female sex hormone—estradiol —
increase in the blood simultaneously. At the
same time, the capacity of the reproduc-
tive system for cyclic functioning is pre-
served due to the active state of the hypothal-
amic regulator, which is gradually freed
from the inhibiting influence of the sex
hormones.

This was roughly the first model for
the mechanism of sexual maturation. Later,
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Table 3. Age Dynamics of Gonadotropins and
Estradiol in the Blood of Girls (Janner et al., 1972)

Gonadotropins .
Age period Est;z((}l{:ol
FSH (ug%) LH (ng%)

P, 0.73+0.3 0.8+0.1 741

P, 1.78+0.5 | 1.12+0.2 13+2.4

Py 2.2540.5 | 1.08+0.2 254-4.5

P, 2.62+0.4 | 1.68+0.2 44412

Py 2.53+0.4 2.440.6 5857

Note : P,-P, designate different periods of maturation
of the organism that end in period P; with switching on
of the reproductive function.

it became necessary to introduce some
changes, proceeding from additional data on
the function of the sexual centre (V.M. Dil- -
man, Endocrinological Oncology, 1974). The
new version took into account the fact
that the hypothalamic sexual centre in the
female has both tonic and cyclic regions.
The data given above relate precisely to the
changes occurring in the tonic centre dur-
ing development. These changes ensure
sexual maturation in both the male and
the female.

However, to switch on the reproductive
cycle in the female organism, not only sex-
ual maturation but also special stimula-
tion of the cyclic centre are necessary.
This stimulation is effected by the female
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sex hormones as follows. The shifts in the
system, which are controlled by the tonic
centre, induce an increase in the produc-
tion of female sex hormones. When their
concentration reaches a certain level, the
female hormones stimulate the cyclic cen-
tre to induce ovulation by the mechanism
of positive feedback, i.e., the release of
ovum from the ovary. As a result, the re-
quired conditions for fertilization are creat-
ed. The female reproductive system begins
to function in cycles, ensuring this ability
for many years.

The latter model, however, describes on-
ly the period of sexual maturation. Some
time earlier (1958-1971) the author postu-
lated a hypothalamic model of the age-
related switching off of the reproductive
function*. It thus became possible to com-
bine both these processes by assuming that
the age-related switching off of the reproduc-
tive function is accomplished by the same
mechanism that ensures its age-related
switching on and sexual maturation.

Indeed, the concept that the age-related
switching off of the reproductive capacity
in the female is a phenomenon connected
either with the exhaustion of the store of
follicles in the ovaries, or with a decrease
in the sensitivity of the ovaries to their

* V. M. Dilman, Endocrinological Oncology, Medi-
tsina, Leningrad, 1974; 1983 (in Russian).
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regulators, the gonadotropins, is still dom-
inant today. The author’'s explanation
for the switching off of the reproductive
system is that this process, on the con-
trary, is conditioned by an increase in hypo-
thalamic activity, i.e., by regulatory shifts.
Let us attempt to examine this, proceeding
from the assumption that the rise in the
hypothalamic threshold of sensitivity up
to sexual maturation occurs in the tonic
centre and later also begins in the cyclic
centre.

The rise in the sensitivity threshold in the
cyclic centre requires an increase in the con-
centration of female sex hormones in the
blood, otherwise their concentration would
be insignificant to induce ovulation when
acting on the cyclic centre. (The latter as-
sumption as pertaining to the action of es-
trogens on the cyclic centre was confirmed lat-
er in several works, V.N. Babichev,
1981; K. Lu et al., 1977.)

In turn, the increased production of sex
hormones is ensured with the increase in
age by the continuing changes in the tonic
centre that were so necessary earlier for
sexual maturation.

. This can be judged indirectly on the ba-
sis of data on the age-related increase in the
secretion of the pituitary gonadotropins
that control the activity of their target
gland, the ovaries. Thus, the secretion of
the sum total of gonadotropins in women

8~0394
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between 25 and 35 years of age increases
threefold. Meanwhile, the system of re-
production is already fully switched on by
the age of 25, and the concentration of the
regulator hormones reaches its optimal value.
Hence, the threefold increase in this level
is not governed by the requirements of de-
velopment and sexual maturation.

In other words, the reproductive system
still continues to increase its capacity af-
ter reaching maturity*. However, it is
theoretically apparent that the rise in the
hypothalamic threshold in the cyclic cen-
tre, which continues in the process of aging,
nevertheless at some age causes a disturbance
in the functioning of the system, there-
by switching off of the reproductive function.
This occurs when the concentration of the
female sex hormones in the blood drops be-
low the critical level for inducing ovula-
tion. Thus, the age of the climacteric is de-
termined, on the one hand, by the rate of
increase in the hypothalamic threshold in
the cyclic centre during aging, and, on the
other hand, by the degree compensation by
the ovaries, i.e., by their capacity to in-
crease the production of female sex hormones

* In this discussion, the problem is treated sche-
matically. Direct studies showing an age-related
rise in the sensitivity threshold of the tonic centre
are found in: V.M. Dilman, Endocrinological
Oncology, Meditsina, Leningrad, 1983 (In Rus-

sian).
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under the influence of the age-related rise in
the gonadotropin  concentration in the
blood.

Therefore, the greater the compensation,
i.e., the increased production of female hor-
mones by the ovaries, which could over-
come the trend to switch off the mechanism of
self-regulation in the reproductive homeo-
stat, the later the induction of the climac-
teric and menopause. Consequently, the
rise in the concentration of sex hormones is
a compensating process, which is created
by a rise in the hypothalamic sensitivity
threshold in the tonic centre, but is directed
toward overcoming the age-related rise in
the hypothalamic threshold in the cyclic
centre.

In summary, it can be concluded that
the rise in the hypothalamic threshold in
the reproductive homeostat first ensures
the age-related switching on and then the
age-related switching off of the reproduc-
tive function.

The regulatory nature of the latter phe-
nomenon is confirmed by the following so-
phisticated experiment. Japanese scien-
tists (Kushima et al., 1961) spayed female
rats belonging to two age groups, young and
old. Then the ovaries of the young animals
were transplanted into the old animals.
If the age-related switching off of the activ-
ity of the ovaries depended on the age of
their own ovaries, the operation would in-

8w
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duce recovery of their activity. However,
the young ovaries failed to function in the
old animals. But when the ovaries of old
rats were transplanted into young animals,
their ovaries began to function.

In other words, the hypothalamus im-
poses itsrate of aging on the ovaries. Indeed,
calculations indicate that about 2500 fol-
licles, containing ova, are expended during
the entire reproductive period in women.
At the same time, both ovaries contain the
germs of about 500 000 follicles, i.e., 200
times more than are used during the life-
time. It goes without saying that the repro-
ductive function differs somewhat between
human beings and animals; however, the
principle of the age-related rise in the hy-
pothalamic sensitivity threshold to the sex
hormones remains invariable.

True, it was unclear for some time wheth-
er the changes occurring with age were
reversible at the hypothalamic level. Was
there a way to influence the mechanism of
regulation such that the activity of the ova-
ries could be recovered?

Recent experiments on animals suggest
a positive answer to these questions. Thus,
the cyclic activity of ovaries in animals
was recovered in our laboratory by means
of epithalamine, a hormone produced from
the pineal body, an endocrine gland.

A similar experiment with analogous re-
sults was carried out by Prof. Joseph Mei-
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tes and co-workers (USA). He used another
preparation, levodopa (a precursor of do-
pamine), which has a similar effect on the
hypothalamus. Thus, the experiments dem-
onstrated the possibility of influencing
one of the most typical manifestations of
aging, viz., the cessation of the capacity
for reproduction.

The model for the age-related switching
on and off of the reproductive function also
assists in understanding how in general
normal development is transformed into
aging and diseases of aging.

As the reader will recall, when the hypo-
thalamic mechanism switches on the repro-
ductive function, it continues to function,
ensuring for a certain period the preserva-
tion of the reproductive function.

But, take note! It turns out that an age-
related increase in the secretion of regula-
tor-hormones (gonadotropins) and hormo-
nes secreted by the ovaries (estrogens),
which in essence reflects a disturbance in
the constancy of the internal environment,
is “useful” because precisely these shifts
ensure preservation of the capacity for
childbearing, and counteract the switching
off of the reproductive function for a cer-
tain period of time, However, it is not
without reason that the word “useful” is
given here in quote marks. All that de-
scribed above can be considered neither ad-
vantageous, nor disadvantageous, though
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both estimations are simultaneously ap-
plicable to the events discussed. It would
be more correct to say that it is “so ar-
ranged by nature” because the factors that first
ensure sexual maturation later ensure pre-
servation of the reproductive function over
the course of many years. The same mecha-
nism, however, determines the age-related
cessation of the capacity for reproduction
in the female.

At the same time, many researchers in-
sist that the age-related switching off of
the reproductive function is advantageous
because it solves at once several problems:
a) it limits the number of organisms in the
population, which contributes to the main-
tenance of an optimum quantity of individ-
uals in the given living space; b) it re-
duces the probability of congenital defects
whose frequency increases in the progeny
with the age of the maternal organism; and
c) it regulates the rate of natural succession
of generations under the conditions of a
wide exchange of hereditary material as op-
posed to what it would be in the absence of
age-related limits of reproduction.

The mechanism of age-related switching
off of the reproductive function is truly in
conformity with the realization of all
these requirements. In other words, this
mechanism is biologically expedient be-
cause it contributes to increasing the vitality
of the species. But in reality, all these cat-
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egories of usefulness are not realized pur-
posefully, i.e., they are not accomplished
for the well-being of the species as “prede-
termined by nature”, but exist simply be-
cause the age-related switching on and off of
the reproductive function in higher orga-
nisms is realized by one and the same hypo-
thalamic process. All the rest represent only
consequences of this process that are not
associated with the biological idea of meet-
ing the requirements of the species, al-
though they satisfy these requirements by
the most rational way (see Chapter 11).

It immediately becomes clear that the
idea of usefulness is conditional when at-
tempting to apply this evaluation to con-
crete changes in each individual in the
process of aging. The production of gonad-
otropins increases with age. On the one
hand, this increase is necessary as it is a
part of the mechanism that switches on the
reproductive cycle during development.
But this phenomenon represents a distur-
bance of the law of constancy of the inter-
nal environment in the organism. As regu-
lator-hormones, gonadotropins, compel the
sexual glands to function more intensively.
If the quantity of gonadotropins in the
blood increases almost tenfold by the time
of the climacteric and menopause, it means
that the ovaries are undergoing intensive
stimulation resulting in an increase in the
production of sex hormones. This increase
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is necessary, certainly, to preserve the feed-
back mechanism in the reproductive homeo-
stat under conditions of a continuously ris-
ing hypothalamic threshold. At the same
time sex hormones render an excessive stim-
ulating effect on the organs of the repro-
ductive system.*

Excessive stimulation of these organs
frequently induces metrorrhagia during the
climacteric period. A quite peculiar situa-
tion arises: the greater the quantity of sex
hormones produced, or rather, the more the
compensation is expressed, the longer the
reproductive function is preserved, creat-
ing animpression of well-being and health.
But in this case associated changes in-
duced by the excessive influence of the sex
hormones on the organs of the reproductive
system are more likely to be expressed.
In other words, the longer the reproductive
period in a woman, the greater is the prob-
ability of diseases associated with the
mechanism of compensation. In this sense,
the onset of metrorrhagia, which is a dis-
ease, is a by-product of the organism'’s
“effort” to counteract the onset of the cli-
macteric.

At the same time, it  has been statisti-

* However, the stimulating effect of the hormones
decreases due to the phenomenon of desensitiza-
tion, i.e., a decrease in the concentration of the
receptors of these hormones induced by the increase
in their concentration in the blood,
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cally noted that frequently the reproductive
function has been switched off later than
usual in women who fall ill with breast
cancer after menopause. Indeed, menopause
commences later when the process of
compensation is more clearly expressed
(see above). But increased compensation,
which is realized by the sex hormones, con-
tributes to the development of climacteric
bleeding and even tumours of the reproduc-
tive system because of its stimulating
effect on the organs of the reproductive
system.

The role of increased stimulation of an
organ in the development of cancer has
been demonstrated in many experiments on
animals. Thus, if a rat is spayed, the produc-
tion of gonadotropins in the animal increases
to its maximum because the inhibition
that is usually realized by the sex hor-
mones through a negative feedback mecha-
nism has been eliminated. Then, if the re-
moved ovary is transplanted into the spleen
and the experiment continues for a long
time, the gonadotropins, which act on the
transplanted ovary, induce the develop-
ment of ovarian tumours. This demonstrates
the development of a tumour owing to a
disturbance in the law of constancy of the
internal environment (in the given case the
disturbance is an increase in the gonado-
tropin concentration in the blood; see Chap-
ter 10).
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It cannot be ruled out that the age-relat-
ed increase in the incidence of ovarian
carcinoma in humans is associated with an
increase in the production of gonadotro-
pins*. In this case nature accurately re-
produces the mechanism of the experiment
described above without knowing whether
the shifts in the internal environment that
arise during aging are dangerous for the
individual.

Thus, the same process of compensation,
which is an inseparable part of develop-
ment, with time induces pathologic changes,
or a disease. On the basis of the mecha-
nism of their onset, it is logical to call
these diseases, which are associated with
the process of development, as diseases of
compensation. The mechanism of the age-
related cessation of the reproductive func-
tion—the climacteric—being a physiolog-
ical process, is from this point of view
also a disease of compensation, or a normal
disease: it is a disease whose pattern of on-
set is conditioned by the natural mechanism
of the organism’s development.

* Statistical data in favour of this assumption
indicate that long-term use of contraceptive steroid
preparations, which suppress the production of
gonadotropins, decreases the incidence of ovarian
carcinoma. The mechanism of this advantageous
effect can also be associated with decreased trau-
matization of the integumentary epithelium of
the ovaries, which occurs with rupture of a follicle
when ovulation is not suppressed.
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In this example of the transformation of
the mechanism of development into the
mechanism of aging and diseases of aging
one can easily perceive a manifestation of
the dialectical principle of transition from
quantity to quality. In particular, a rise
in the gonadotropin concentration at the
beginning is part of the mechanism of the
age-related switching on of the reproductive
function. Later, it characterizes an oppo-
site process, i.e., the age-related switching
off of the reproductive function in the course
of a subsequent increase in their concen-
tration in the blood.

The cause of these diseases is incorporat-
ed in the developmental mechanism per
se, i.e., in the genetic program, whose re-
alization is directed toward the age-related
increase in gonadotropin production. Thus,
another law of dialectics is manifested, viz.,
the unity of opposites that lies in the es-
sence of the phenomena. The motive force,
which by means of gonadotropins ensures
two interrelated processes that are opposite
in physiological significance, reveals the
concealed principle of the law of the unity of
opposites. This is a unity that includes the
mechanism of development and the negation
of development by its transformation into
a many-sided phenomenon of aging and
age-related diseases.

In the given case this is all realized on ac-
count of the law of constancy of the inter-
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nal environment and the law of deviation of
homeostasis. Indeed, preservation of the
reproductive function over a long period
of time (which corresponds to the effect
of the law of constancy of the internal en-
vironment) is ensured by a compensatory
increase in the production of sex hormones,
i.e., it is gained on account of an opposite
law, viz., the law of deviation of homeo-
stasis. This is really a unity of opposites, in
which the latter are so carefully veiled that
their external manifestation seems most
advantageous. The longer the period of re-
production, the more remote aging, which
is always intuitively associated with ces-
sation of the capacity for childbearing,
appears to be.

But the fact is that although acting in
unity, the opposites do not lose their es-
sence: prolongation of the childbearing pe-
riod simultaneously creates conditions for
the earlier cessation of life owing to the
increasing probability of cancer of the re-
productive system. The relationship of the
climacteric with climacteric bleeding and
with the increasing incidence of tumours
in the reproductive organs illustrates quite
vividly the two-faced image of the climac-
teric. The two faces of the climacteric—
the norms and the diseases—characterize
the absence of a border between age and dis-
ease, and between norm and pathology,
revealing once again the essence of unity
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of opposites, which are concealed in every
natural phenomenon.

If we ponder it over, we see that in the
given case we have a model of transforma-
tion of the mechanism of development into a
mechanism of aging with its regulatory
type of death, although the contribution of
the reproductive homeostat to the concrete
- causes of death in mammals is apparently
not so great.

The contribution introduced by the re-
productive homeostat in the example relat-
ing to the death of Pacific salmon is be-
yond all question more significant. In this
case, however, the changes in the reproduc-
tive system involve other systems, primari-
ly the energy and adaptational one, which
in a triple alliance “administer unlawful-
ness” within the framework of the law of
deviation of homeostasis.

It is precisely the energy shifts that in the
final analysis determine the character of
aging pathology. This will be demonstrated
in the following chapters that cover the
energy system of an organism. The main
problems in aging pathology will be con-
sidered using a model of obesity, because,
figuratively speaking, higher organisms
burn away in the flame of fats during aging.



Chapter 6

Age-Related Changes
in Appetite Regulation

A human being, who all his life is guided
by his appetite to fulfill his food require-
ments, is inevitably “led astray”.

Living organisms are open systems because
they receive energy and matter from the
environment and then return them. A liv-
ing system is most stable in a station-
ary state when the intake of energy and mat-
ter is consistent with their expenditure.
Therefore, to prolong the lifespan, it is
theoretically necessary that the stationary
state should be strictly maintained at one
level after the cessation of growth in the
organism.

However, this does not happen. The age-
related increase in the fat mass of the or-
ganism is an obvious case. Why isn’t the
stationary state of the energy processes
preserved?

An answer to this question is usually
sought in the general laws of physics. But the
law of increasing entropy is not decisive in
open systems. One could theoretically imag-
ine the existence of such a “living machine”
wherein equilibrium is maintained per-
manently between the intake of matter and
energy owing to the ability of the “living
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machine” to regulate, renew itself, undergo
repair, and adapt to the changing conditions
of the internal and external environments.
The fact that the stationary state is not
preserved in a living system induces one
to seek the reasons for instability not in
physical but in biological laws.

The presence of a stationary state in an
energy system would correspond to accurate
realization of the law of constancy of the
internal environment in the organism. At
the same time, a natural disturbance in the
stationary state occurs, as will be demon-
strated, in conformity with the law of de-
viation of homeostasis. Though a living
organism is primarily an “energy machine”,
which operates according to the laws of
physics and chemistry, the machine cannot
independently achieve stable maintenance
of a stationary state because the loss of
this state is dependent not on physical reg-
ularities, but on biological ones that the
living system cannot rid itself of without
losing the capacity for development, i.e.,
existence.

Therefore, it is possible to maintain that
an organism, striving towards a stationary
state at each given moment, never reaches
it. In other words under normal conditions
a stationary state exists at each given pe-
riod of time, but it is lost over time, being
subordinated to the dialectics of develop-
ment.



128 The Grand Biological Clock

Let us discuss some examples of the age-
related obesity, and how the energy equi-
librium in an organism is disturbed with
increasing age. The age-related increase in
the amount of fat is for brevity's sake
called obesity, though it differs in certain
respects from obesity, as a disease. It would
be more correct to discriminate the disease
obesity from the age-related obesity, since
age-related obesity appears practically in
everyone at one or another age while the
disease obesity is the destiny of many but
not all.

Even if the body mass does not increase
with age, the content of fat increases
while the mass remains stable because of
the decrease in the quantity of muscular
and bone tissues*. Considering that a
70-kg body mass of an adult man includes
about 10 kg of fat, an increase in the body
mass by 10-12 kg by the age of 50, as com-
pared to the mass at 20, corresponds to a
doubling in the amount of the adipose mass.

The significance of this change is seen
by comparing the index of the increase in
the adipose mass with any other index pro-
tected by the law of constancy. For exam-
ple, a twofold rise in the arterial pressure is
an indication of severe hypertension, and a
twofold increase in the blood sugar is
called diabetes mellitus.

* The term “body mass” is currently used instead
of “body weight”.
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Why does the body fat mass increase
with age? Usually this question is answered
by the fact that an elderly person spends
less energy than he or she receives. The sur-
plus energy source leads to obesity.

However this answer is not quite reliable.
It can be applied only in cases when the
intake of food really increases, or the ex-
penditure of energy decreases because of
the reduced functional activity of the organ-
ism and correspondent heat production.
Therefore, obesity can be easily reproduced
in an experiment by overfeeding the sub-
ject. Likewise, by sharply reducing the
functional activity and maintaining the
usual norm of nutrition the body mass will
increase.

At the same time, almost everyone can
recall a period in their life (usually be-
tween the ages of 20 and 25 years) when,
despite the variations in physical activity,
ambient temperature and nutrition, their
body mass remained practically stable.
This means that regulation that is directed
toward stabilization of the body mass exists.

The regulatory mechanism can limit the
body mass by two ways: by controlling the
quantity of energy taken in by the organism
with the food, or by regulating the heat
production and heat transfer. The first
method, i.e., the control of food consump-
tion, or regulation of the appetite has cur-
rently been more thoroughly studied.

Y—0394
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It would seem that everything will be re-
liable: if control of the body mass exists,
then the appetite should be called upon to
precisely reflect the consumption of energy
by the organism. And, correspondingly, if
the physical activity reduces with age, the
amount of consumed food that is regulated
by the appetite should decrease.

However, it is difficult to imagine such a
device in the living organism that would
store in its memory data on the ingress of
energy substances into the organism and
data on the expenditure of energy for a
certain period of time in the past, which
is much more complicated. What is actual-
ly true in reality?

The hypothalamic regulator, which con-
trols the body mass, consists of two devices.
The first one regulates the fat content in the
organism indirectly by influencing the lev-
el of insulin in the blood. Insulin is a hor-
mone secreted by the pancreas, which is
necessary for the assimilation of glucose by
the cells. The concentration of insulin be-
fore feeding rather strictly corresponds
with the mass of fat in the body. If the fat
mass increases, the level of insulin in-
creases, which influences the respective part
of the hypothalamus. As a result, a series
of reactions occurs that induce a decrease in
the fat mass and, thereby, decrease the in-
sulin concentration. This hypothalamic de-
vice can be conditionally called “the stra-
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tegic centre of the appetite” because it
helps to control prolonged processes for
maintaining constancy of the body mass.

The second hypothalamic device con-
trols the concentration of energy substances
in the blood, primarily, glucose, and, pos-
sibly, fatty acids. This regulator seems to
measure the necessary amount of fuel,
i.e., nutritional energy sources, and not for
the long terms, as the first regulator, but for
each given moment of food intake. There-
fore, the second device can be called “the
tactical centre of the appetite”. Let's see
how this second hypothalamic regulator
controls the consumption of food from the
standpoint of classical medicine.

The majority of investigators consider
that two interrelated centres in the hypo-
thalamus are “in charge” of the appetite:
the food centre and the centre of satiation.
If food is not supplied to the organism, the
content of glucose in the blood decreases,
and the food centre arouses the appetite.
The content of glucose and insulin in the
blood increases as a result of food intake.
After reaching a certain level of concentra-
tion, the glucose stimulates the centre of
satiation, thereby inducing the sense of sa-
tiation. At the same time, signals are trans-
mitted from the centre of satiation, which
induce inhibition of the activity of the
feeding centre. (The scheme of appetite
regulation is slightly simplified here.)

9n
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However, though classical medicine has
determined how the appetite is regulated,
it gives no answer to the question of why
the regulation of the appetite is disturbed in
an aging man. The experimental data avail-
able indicate that the appetite is stimulat-
ed when the centre of satiation is destroyed.
But there are no data that point to the
fact that the centre of satiation is destroyed
by the age of thirty. Nevertheless, by
this time there is already an accumulation
of fat in the body. It is impossible to think
of atherosclerotic affection of the centre of
satiation, because in old age, when athero-
sclerosis is most expressed, the appetite
begins to diminish. And finally, it is quite
apparent that the appetite can vary at any
age depending on many conditions, e.g., in
the case of worry or fear, or, on the con-
trary, in a favourable emotional situation.

What then is the reason for losing hypo-
thalamic control of the appetite during
aging? It is assumed that the sensitivity of
the hypothalamic centre of the appetite
to the effect of glucose decreases in the
process of aging, or, in other words, the
sensitivity threshold of the satiation centre
to the stimulating effect of glucose rises.

Indeed, the same amount of sugar in the
food induces, over the course of many years,
a greater rise in the glucose level in the
blood (Table 4). Owing to the fact that
glucose, while activating the satiation cen-
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tre, in the final end, suppresses the appetite,
the greater the glucose content in the blood
after a meal, the faster, it would seem,
the appetite is inhibited. In other words,
satiation in the course of aging should take
place faster during a meal than in young
age. However, the body mass increases
with age. This makes it necessary to admit
that the satiation centre, on the contrary,
becomes less sensitive to a rise in the glu-
cose level. This is the reason why a middle-
aged man manages to consume more food
than necessary before the hypothalamic
regulator of the appetite operates. An excess
of glucose accumulates in the blood which
over the course of time is not assimilated as
well by the muscular tissue. The surplus
glucose turns into fat.

The strategic appetite centre should cer-
tainly prevent the development of obesity
under these conditions. The accumulation
of fat, conditioned by erroneous function-
ing of the appetite’s tactical centre and
the associated rise in the insulin level in the
blood should influence the strategic centre
and induce reorganization of the “food be-
haviour” so that the body mass would drop
to its original level.

Apparently, this occurs in some cases.
If the body mass of a young man increases
through overeating, it is frequently possible
to observe an automatic drop in the appetite
and a recovery of the initial body mass.
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It has also been found that in the course
of aging the body mass increases intermit-
tently rather than continuously, i.e., there
are periods when the body mass increases
and then remains stable for a certain period
of time. This occurs as if the set point, or,
to be more precise, the sensitivity thresh-
old of the regulator in the strategic cen-
tre of the appetite changes.

Hence, it can be assumed that one and
the same phenomenon is realized in the
“tactical” and the “strategic” appetite cen-
tres: arise of the sensitivity threshold to the
regulating signals transmitted to maintain
stability in the energy system of the organ-
ism.

There is one interesting peculiarity relat-
ed to this case. Beginning with childhood,
a person grows to trust his or her sense of
appetite. During one’s youth, this trust is
justified: the satiation and the strategic
centre of the appetite react subtly to changes
in the concentration of glucose and insu-
lin in the blood, ensuring the requirements
of development and also a certain stability
of the organism. But over the course of
years, the centre of the appetite begins to
lead us astray.

Currently, certain detalls regarding the
hypothalamic mechanism for regulating the
appetite have become clear. In experiments,
an artificial decrease in the concentration of
nerve signal transmitters—the neuromedia-
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tors—elicits an increase in the appetite
in animals and humans. But the drop in the
concentration of neuromediators is regu-
lar over the course of aging and it should
induce a greater appetite. (The outline of
the events is somewhat simplified here with-
out taking into consideration other appetite
regulators.)

The following is one more point of inter-
est. It is commonly believed that one starts
to lose weight when suffering from adverse
emotions. This is significantly associat-
ed with a decrease in the appetite and a
decrease in the amount of consumed food.
On the whole this observation conforms
with reality and thisreaction is most charac-
teristic of people who are still young. But
it also happens that the appetite increases
in middle-aged people in response to pro-
longed adverse emotions, and sometimes
the body mass increases as well. How can
this be explained?

The concentration of certain neuromedia-
tors, primarily, dopamine and serotonin,
decreases in the hypothalamus with the ad-
vance of age. The state of stress also induces
a decrease in the level of these neurome-
diators in the hypothalamus. Regulation of
behaviour associated with stress is con-
trolled by the hypothalamic centres that also
deal with the regulation of the appetite. An
acute sense of hunger may arise when the
sum total of the influences of age and stress
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induce a considerable decrease inthe content
of neuromediators. An increase in one's
appetite in response to worry is an index
that something is wrong, or, to be more
precise, an index of significant expression
of age-related disturbances.

The dependence of the appetite on one’s
mood is only one side of mutual relations.
On the other hand, the mood can depend on
the intake of food. The following joke is
quite popular though not very elegant:
the way to a man’'s heart is through his
stomach. This thesis is based on intuitive
observation of true physiological process-
es. If a man consumes his portion of meat,
then the concentration of amino acids in
the blood increases. The amino acids, in-
cluding tryptophan, are the building blocks
of protein. Serotonin, a hypothalamic neuro-
mediator, is synthesized from tryptophan in
the brain. Serotonin controls the mood and
an increase inits concentration is physiolog-
ically the basis for improving the mood.
In turn, the centre of satiation is stimulated
by serotonin.

But carbohydrates, as everyone knows,
can also be a factor that improves the mood.
The production of insulin increases under
the influence of glucose, which all sweets are
transformed into no matter how fancy they
look. The same hormone, just as it activ-
ates the transport of glucose into cells, con-
tributes to the supply of tryptophan to the
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brain, i.e., it also increases the level of se-
rotonin in the hypothalamus. The good na-
ture of gourmands, described frequently in
fiction, is not only an inborn trait of charac-
ter, but is also one that is developed by
tasty food. There would be no harm in all
this for a gourmand if the surplus insulin
did not induce obesity, and if in the course
of years the disturbance in the regulation of
the appetite did not elicit a belated reac-
tion of satisfaction, i.e., a distorted assess-
ment of what is really necessary for the
organism.

Thus, the age-related increase in the
body mass is a symptom of a disturbance in
the appetite conditioned by a rise in the
sensitivity threshold of the hypothalamic
centres to the regulating influence of food
and insulin.

Age-related obesity is just as regular
from this point of view as the development
of the climacteric. But, just like the cli-
macteric, it is an index of the loss of self-
regulation and stability, and, most impor-
tant, a loss occurring in the principal sys-
tem of the organism: the system of energy
homeostasis. The most regrettable point is
that it is not only the “weighing device” of
the energy homeostat that begins to oper-
ate inaccurately with age; regulatory dis-
turbances in the homeostat itself also
occur, which aggravate the error in the
food scales.
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The energy of the organism is the basis
for its existence, and at the same time, it
is the force that once having escaped
regulatory control is chiefly responsible for
the onset of the major diseases in man. This
is the reason why it is so important to un-
derstand the intricacies associated with the
system of self-regulation of the energy
flux. And this is what shall be discussed
below.



Chapter 7

Obesity: A Normal Disease
of the Energy Homeostat

Though fats burn away in the flame of car-
bohydrates, the latter do not burn in the
flame of fats. .

It is commonly recognized that ancient
man lived only on carbohydrates, and that
omnivorousness, which led to the consump-
tion of meat and animal fat, was the deci-
sive step toward modern diseases. This state-
ment is not quite correct. Neither ancient
people, nor anthropoid apes, regardless of
the existing opinion, ever fed exclusively
on carbohydrates. They always consumed
carbohydrates and animal fat as a source of
energy. It is true that ancient man received
energy from plant food, utilizing mainly
glucose as well as another carbohydrate
—fructose—as the energy source. But
irrespective of the initial food, if there is a
surplus of glucose in the blood, it is trans-
formed in the adipose tissue into fat by
means of the hormone insulin. This occurs
in conformity with the same scheme accord-
ing to which domestic poultry accumu-
lates fat when it is fed grain.

If the vegetable oils in plants are chemi-
cally related to unsaturated fat, then semi-
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solid saturated fat is formed in the human
organism from glucose (we obtain the same
fat from animals). When no food is taken
in by the organism, e.g., at night, this
fat serves as a source of energy.

There is an antagonism between the two
sources of energy, i.e., the carbohydrates
and animal fat, which the energy homeostat
is called upon to maintain.

JIn this system, glucose and fatty acids
serve both fuel and factors of regulation.
The two other basic elements of the energy
homeostat are the hormones: insulin and
growth hormone. Insulin is necessary for
the assimilation of glucose. The energy
system is organized so that glucose stimu-
lates the release of insulin into the blood
from the pancreas, i.e., the glucose itself
creates conditions conducive to its burning,
or catabolism, in the tissues.

Growth hormone functions in the energy
homeostat as a fat-mobilizing hormone. The
supply of fatty acids, the second type of
fuel, from the fat depots increases under
the influence of growth hormone.

When food is taken in by the organism,
there is no necessity for using the fat accu-
mulated as a reserve in the body proper.
During this time the utilization of reserve
fat is limited or even ceases, which is en-
sured as follows.

An increase in the glucose concentration
in the blood is conditioned by the intake of
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food and influences the glucose receptors in
the hypothalamus. The latter decreases the
release of growth hormone from the pituitary
gland. Since growth hormone is charac-
terized by a powerful fat-mobilizing effect,
a decrease in its concentration results in a
decrease in the concentration of fatty acids
in the blood.

At the same time, glucose stimulates the
release of insulin from the pancreas. Insu-
lin is necessary for the catabolism of glu-
cose in the tissues; therefore, it is natural
that it can inhibit the mobilization of fat
from the fat depots. This combined influence,
viz., decrease in the growth hormone con-
centration in the blood and increase in the
insulin concentration, greatly decreases the
release of fatty acids into the blood. Under
these conditions glucose becomes the prin-
cipal energy source that is utilized by the
organism.

Thus, conditions are created after the in-
take of food for utilizing the food energy
while the reserve fat is preserved. And
what is more, the reserves of fat are even
supplemented, i.e., if excessive glucose has
accumulated in the blood (e.g., due to the
decrease in its utilization by the muscles),
under the influence of insulin this excess
transforms into fat. (Although in humans a
maximum of 10 g of fatty acids can be syn-
thesized in the adipose tissue per day, the
surplus insulin synthesizes an increased
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amount of fat from the glucose in the liver,
whence it is transported in very low-density
lipoproteins to the fatty tissue. In addition,
a large amount of glycerol can be synthe-
sized from the glucose in the fatty tissue per
se, which in combination with fatty acids
of food origin induces the accumulation of
fat in the organism.)

The type of energy supply changes radi-
cally when the organism is deprived of food,
e.g., at night, when no food is taken in by
the organism. The system of the energy ho-
meostat functions very “reasonably” under

"these conditions: it utilizes fat as fuel,
whose reserves in the fat depots are much
higher than the reserves of glucose in the
“animal starch” glycogen. The glucose is
preserved for the nervous tissue, being the
principal source of energy for the latter.
It is even “taken into account” that the
reserves of glucose in the organism are limit-
ed. When abstaining from food, the mech-
anism that produces glucose from amino
acids (proteins), which is the basis of glu-
coneogenesis, functions more intensively.

All these changes in the energy system
are realized as follows. When there is no
intake of food by the organism, the concen-
tration of glucose in the blood decreases.
As a result, the concentration of insulin,
whose production depends on the glucose
concentration, decreases as well. In accor-
dance with the energy homeostat, the
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decrease in the glucose and insulin concen-
tration in the blood eliminates inhibition
of the hypothalamic centre that controls
the secretion of growth hormone by the pi-
tuitary gland. Correspondingly, the growth
hormone level in the blood increases and
the mobilization of fatty acids from the fat
depots is increased. As the content of in-
sulin in the blood decreases during absten-
tion from food, the inhibiting effect of
insulin on fat mobilization is eliminated,
which intensifies the fat-mobilizing effect of
growth hormone. As a result, the level of
free fatty acids in the blood increases. The
fatty acids become the basic energy sub-
strate, the basic fuel that is catabolized by
the organism.

Unlike glucose, which requires insulin
for its transport into the cell through the
cell membrane, the uptake of fatty acids by
the muscle cell is directly dependent on
their concentration in the blood. This ad-
vantage over glucose is also increased by the
fact that fatty acids prevent the assimila-
tion of glucose by the muscular tissue.

This antagonism is quite expedient as it
switches the flow of glucose toward the
nervous tissue, especially when the reserves
of glucose in the organism are not sup-
plemented. In addition, growth hormone
counteracts the effect of insulin on the
assimilation of glucose. This anti-insulin
effect retards still more the utilization of
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glucose by the muscular tissue, Therefore,
when abstaining from food, the glucose lev-
el in the blood decreases and growth hor-
mone, which is freed of “glucose inhibi-
tion”, switches the organism to the utiliza-
tion of fat. At the same time, owing to this
double antagonism (on the one hand, be-
tween fatty acids and glucose, and on the
other, between growth hormone and insu-
lin), optimal conditions are created for the
catabolism of fatty acids in the muscular
tissue, and correspondingly for the de-
creased utilization of glucose.

All these changes can be expressed by the
following old formula: carbohydrates do
not burn in the flame of fats. Moreover,
when there is a shift toward intensive utili-
zation of fatty acids, the latter increase the
production of glucose from protein, i.e.,
they activate gluconeogenesis, thereby su-
bordinating the activity of the organism to
the task of supplying the nervous tissue
with energy.

Thus, the organism has two ways of ob-
taining a supply of energy. According to the
first method, which can conditionally be
called diurnal, the energy source is supplied
with food, at the same time there is a
decrease in the utilization of reserve fat.
The source of energy in this case is glucose,
and to a lesser degree edible fat. The com-
bined utilization of the two energy sub-
strates is facilitated due to the fact that the
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fats burn more easily in the flame of carbo-
hydrates.

According to the second method, which
can conditionally be called nocturnal, the
fatty acids become the principal source of
energy. Appropriate alternation between the
types of energy sources is achieved by the
influence of the food on the four-component
energy homeostat system, wherein glucose,
insulin, fatty acids, and growth hormone
are the basic regulating factors. (In distin-
guishing this four-component energy ho-
meostat, the author certainly takes into
account that many other hormones and
factors participate in the regulation of
energy processes. But the effect of these
additional factors is either similar to that
of one of the four components of the energy
homeostat, or is achieved by involving
these components in the process.)

However, the mechanism of switching
over the energy homeostat is disturbed in
the process of normal aging. Data obtained
in our laboratory indicate that one hour
after loading with glucose the concentration
of growth hormone in the blood of young
subjects decreases by approximately 50%,
while in middle-aged people this effect is
totally absent (Fig. 5). At the same time,
if the supply of carbohydrates does not in-
duce a decrease in the concentration of
growth hormone, the organism does not
switch from the nocturnal to the diurnal
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type of energy supply, i.e., the rhythm of
utilizing the energy substrates is disturbed.
As a result, the content of fatty acids, glu-
cose and insulin increases more than usual
in the blood after a meal, while the utiliza-
tion of glucose in the muscular tissue de-
creases. The presence of excess glucose and
insulin causes the development of obesity.

It follows that the same changes that are
observed in the adaptational and reproduc-
tive homeostats occur in the energy homeo-
stat during aging.

But the following may seem strange. If
the system is poorly inhibited, i.e., if the
increase in the glucose concentration in the
blood does not induce normal inhibition of
growth hormone secretion, then its level in
the blood should increase. However, just
the contrary occurs: the growth hormone
concentration in the blood of middle-aged
people, whose hypothalamic threshold is
higher, is clearly lower than in young people
(see Fig. 5). This contradiction was unac-
countable for a long time until various scien-
tists determined that obesity is character-
ized by a decreasein the growth hormone lev-
el in the blood. It became clear later that
it is the fatty acids, whose concentration in
the blood is increased in obesity, that in-
duce a decrease in the growth hormone level.

The existence of a “fat inhijbitor”, based
on the inhibiting effect of fatty acids on the
secretion of growth hormone is quite expe-
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dient. Indeed, if one considers that the in-
take of food should inhibit the utilization
of reserve fat, then, correspondingly, carbo-
hydrates (glucose) and fat (fatty acids)
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Fig. 5. The effect of age on “glucose inhibition”
in humans.

The columns illustrate the concentration of
growth hormone in the blood (in ng/ml): 0—
prior to intake of 100 grams of glucose; 1—1 hour
after intake of glucose; 2—2 hours after intake of
glucose; I—healthy young subjects; I1—middle-
aged healthy subjects.
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should suppress the secretion of the fat-
mobilizing growth hormone. In other words,
the mobilization of fat from the fat depots
decreases after the intake of food.
However, there is a significant limitation
in the activity of this expedient mecha-
nism that for some reason attracted no
attention earlier. During childhood a high
level of fatty acids and growth hormone
occurs simultaneously in the blood as if
there were no “fat inhibitor” in general.
This paradox can be explained as follows.
The combined increased concentration of
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growth hormone and fatty acids in the
blood contradicts their usual interaction,
which is determined by negative feedback:
the high level of fatty acids in the blood
causes the inhibition of growth hormone
secretion by acting on the hypothalamus.
Therefore, a simultaneous increase in the
growth hormone and fatty acid level can
occur only if the hypothalamic threshold of
sensitivity to the inhibiting effect of fatty
acids is increased. In other words, during
childhood a phenomenon is observed in the
hypothalamus—growth hormone-—fatty acid
system, which appears in the other princi-
pal homeostatic systems only in the process
of aging.

Indeed, with age, the hypothalamic thresh-
old to feedback inhibition in the adaptation-
al and reproductive systems increases. The
same phenomenon is observed in the energy
homeostat in the system controlling the
interaction between growth hormone and
glucose. But something quite opposite is
observed in the same energy homeostat in
the course of aging, viz., the age-related
decrease in the hypothalamic threshold of
sensitivity to the inhibiting effect of fatty
acids. As a result of aging, when the fatty
acids are the principal source of energy,
this causes a decrease in the growth hor-
mone concentration in the blood.

In conclusion, in the course of aging two
independent regulatory changes take place
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in the energy homeostat: the hypothalamic
sensitivity threshold to the inhibitory effect
of glucose increases, but the threshold to
fatty acids decreases.

But whatever exists in nature exists for a
reason. What can induce these opposed
changes in such acoordinated energy system?

To grow an organism requires growth
hormone and fatty acids that meet the
energy requirements of growth. Thus, the
fact that during childhood fatty acids do
not possess a strong inhibitory effect on the
production of growth hormone indicates
that this is precisely what is necessary for
the growth of the organism.

On the other hand, a glucose inhibitor
that operates well in childhood regulates the
intake of sources of energy through the ap-
petite centre and, thereby, the distribution
of fuel in the system of the energy homeo-
stat, including the diurnal and nocturnal
types of energy supply.

When the glucose inhibitor functions cor-
rectly, which is observed in children and
young people, the switching of the energy
flux between glucose and fat is well-controlled.
But when the effectiveness of the glu-
cose inhibitor decreases as a consequence of
the age-related rise in the hypothalamic
threshold, the development of obesity be-
comes inevitable because of the character-
istics of the energy homeostat. In other
words, even if there were no age-related
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disturbance in the regulation of the appe-
tite, only one change in the hypothalamus-
growth hormone-glucose system in the pres-
ence of a normal, balanced inflow of sources
of energy would gradually lead to switching
the energy homeostat to the accumulation
of fat. Under these conditions even an in-
significant surplus of energy intake over
its output (due to age-related disturbances
in regulating the appetite) induces obesity.

This is exactly what happens in reality.
In this sense obesity is a normal disease
that always appears in the process of aging.
Just as the climacteric is a natural conse-
quence of age-related changes in the regula-
tion of the reproductive homeostat (Chap-
ter 5), and hyperadaptosis reflects the same
in the adaptational homeostat (Chapter 4),
age-related obesity is a normal manifesta-
tion of age-related changes in the energy
homeostat.

However, age-related obesity is not only
one of normal diseases. The role of obesity
in the development of other diseases is
very great. Why does obesity play such an
important role?

To answer this question, it is necessary
to discuss why obesity, beginning with its
onset, “loses all ties with the past” and
becomes a self-reproducing process, that is,
literally, in “perpetual motion” in the sys-
tem leading to the development of age-re-
lated diseases.



Chapter 8

Obesity: The Disease
of Diseases

Obesity is not the problem of the century,
it is a perpetual problem.

Many centuries passed before human beings,
after having cognized some of the regulari-
ties of nature, started to affect the course of
vital processes. The most amazing example
of this influence is the prolongation of the
average lifespan owing to civilization.

In ancient times, some individuals did
live for a long time, but for many cen-
turies, the average lifespan was strikingly
short. For example, in France in the four-
teenth century it was only 26 years. It was
impossible to understand at that time what
the true cause of death in humans was, be-
cause, as a rule, death was due to external
reasons just as it is in wildlife today.

The principal causes of death changed
with the advance of civilization.

In the Middle Ages, with the emergence of
big cities, mass epidemics of infectious dis-
eases were of catastrophic character. Mil-
lions of people died of plague or cholera and
only the development of science made it
possible to restrain this calamity. Death
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from “social diseases” advanced to the first
ranks for many years owing to overcrowd-
ing and poverty of the majority of the
population in the growing cities. Tuberculo-
sis became the scourge of mankind for many
years.

Strictly speaking, tuberculosis is an in-
fection, and death from it is considered due
to an external cause. At the same time,
tuberculosis depends so greatly on social
factors that it is, apparently, one of the
major diseases of modern civilization.

The significance of “social diseases” in-
creased in time. Overly rich and incorrect
nutrition, environmental pollution, and re-
duced physical activity, and not the infec-
tions per se, became the basic causes of
these diseases. At the same time, the preva-
lence of these diseases made it possible for
many scientists to advance the thesis of the
epidemical character of the diseases of civ-
ilization, viz., obesity, atherosclerosis, and
cancer.

" These diseases certainly have not appeared
only in recent years and they are not
diseases of modern civilization. There is a
well-known ancient fresco that depicts an
obese Etruscan who lived two-and-a-half
millenia ago.

Nevertheless, as far as human beings are
concerned, it must be stated that the increase
in the lifespan due to social progress and
civilization clearly revealed a trend toward
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an increase in adipose tissue with increas-
ing age. This problem is to a considerable
extent a biological one. Not only humans,
but also animals demonstrate fat accumula-
tion with increasing age.

What determines the stability of age-relat-
ed obesity and its tendency to progress?
If obesity develops in the course of normal
aging, i.e., according to rules dictated by
the law of deviation from homeostasis, then
its onset is associated with a disturbance in
the regulation of the appetite (Chapter 6),
with a disturbance in the regulation of the
diurnal and nocturnal types of energy sup-
ply (Chapter 7), and with hyperadaptosis
(Chapter 4). In the final end, these mecha-
nisms induce the accumulation of surplus
fat. Apparently, the quantity of adipose
cells in adults is constant. Therefore, the
existing adipose cells begin to overfill with
fat as the fat mass increases. The accumula-
tion of fat increases the volume of the
adipose cell and, correspondingly, its sur-
face area, and it decreases the sensitivity
of adipose tissue to insulin.

Numerous recent studies have shown that
the quantity of insulin receptors on the
membrane of an adipose cell that is over-
filled with fat (such as on the membrane of
lymphocytes in obesity) is several times
less than in normal cells and, consequently,
the effectiveness of insulin is also decreased.
The organism responds by an addition-
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al, compensatory increase in the production
of insulin. This increase in the insulin
level is manifested quite peculiarly at cer-
tain stages in the development of obesity.
Insulin transforms glucose into fat and also
inhibits the utilization of fat. Being a hor-
mone of the diurnal type of energy supply,
insulin prevents the switching on of the
nocturnal type of energy supply. Therefore,
an obese person, despite his or her reserves
of fat, often experiences an acute sense of
hunger. Owing to surplus insulin, the or-
ganism behaves like the greedy Gobseck
who was busy with hoarding: it accumu-
lates fat but doesn’t want to spend it.

However, the “pumping up” of the adipose
cells with fat cannot continue indefinite-
ly. When the adipose cells are overloaded
with fat, they begin to return it to the or-
ganism in the form of fuel, i.e., fatty acids.
Indeed, though the surplus of insulin, which
is characteristic of obesity, prevents the
mobilization of fat, the concentration of
fatty acids in the blood still increases.
This means that, in overcoming the counter-
action of insulin, the adipose cells release
more fatty acids (as compared to the norm)
into the blood. The fatty. acids are rapidly
carried away to the tissues where they are
utilized as fuel. Half of the fatty acids cir-
culating in the blood reach the cells within
four to six minutes.
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In accordance with the antagonism be-
tween the diurnal and nocturnal types of
energy supply, the increased utilization of
fatty acids creates a “fat obstacle” in the
utilization of glucose. Therefore, the diur-
nal type of energy supply does not function
properly in obese people. When encounter-
ing a “fat obstacle” in the muscular tissue,
the blood glucose rushes to the adipose tis-
sue and liver where it is engaged in the
synthesis of fat.

This is the reason why in obesity the or-
ganism draws energy from fatty acids in
the daytime as well as in the nighttime.
A certain “transshipping point” is created
in the organism where the glucose is first
turned into fat, and then the fatty acids
are spent to supply the organism with ener-
gy. As a result, the organism gradually
shifts to an energy supply based on fat.
(Continuous indirect calorimetry made it
possible for a number of researchers to
show that the oxidation of fatty acids in-
creases in obese humans.) Fat burns in the
furnace of the organism day and night.
Therefore, when carbohydrates (glucose) and
fats enter the organism with the food, under
the conditions of a fat-based energy supply
they contribute to the accumulation of adi-
pose deposits, which, in their turn, support
the fat-based energy supply, and so on.

Thus, a vicious metabolic circle is
formed which stabilizes obesity in the orga-
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nism, Simultaneously, the second stabiliz-
er of obesity switches on. The surplus sup-
ply of fatty acids that penetrates into the
blood as if through the pores of an over-
filled ceramic vessel induces a decrease in
the growth hormone concentration in the
blood. The physiological significance of
this mechanism is clear. If the energy re-
quirements are satisfied owing to an increase
in the fatty acid concentration, a high
concentration of the fat-mobilizing factor—
growth hormone—becomes surplus and,
therefore, the “fat inhibitor” eliminates
the effect of this factor. ’

But let’s recall that it is precisely the
increase in the concentration of growth
hormone in the blood that is the first step
toward the development of obesity. It
would seem, therefore, that a decrease in
growth hormone, which is induced by sur-
plus fat, should eliminate disturbances in
the energy system of the organism. Howev-
er, no normalization in the energy system
occurs despite the elimination of the pri-
mary disturbance. Why is this so?

The increase in the fatty acid concentra-
tion in the blood induces reduced utiliza-
tion of glucose by the muscular tissue. As
was emphasized earlier, the antagonism
between the utilization of fatty acids and
glucose, or between the nocturnal and diur-
nal types of energy supply, automatically
starts to operate. As a result, glucose,
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which has not been assimilated by the
muscular tissue, accumulates in the blood
after the intake of food. Since glucose stim-
ulates the release of insulin (the hormone
promoting the utilization of glucose), under
these conditions the concentration of insu-
lin exceeds the norm. However, the “fat
obstacle” in the uptake of glucose by the
muscle cells directs it to the adipose tissue
where the glucose transforms into fat under
the influence of insulin. Thus the fatty
acids that have been consumed are replen-
ished, thereby ensuring a continuous sup-
ply of fatty acids into the blood for burn-
ing in the muscular tissue. In other words,
a self-supporting cycle is formed (a fat
shunt), creating a constant shift toward the
fat-based mechanism of supplying the
organism with energy.

It can be stated that the four-component
design of the energy homeostat functions in
obesity without one component, viz., growth
hormone. Figuratively speaking, an obese
person is a beheaded horseman because the
central hypothalamic component of the
energy system is switched off, and this fai-
lure in regulation disturbs the natural
rhythm of switching over the energy sys-
tem. Obesity stabilizes and with increasing
age the person gradually shifts to the fat-
based energy supply.

The most amazing point in all this is
the fact that the “fat inhibitor”, which
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switches off correct utilization of fuel,
comes into existence at a very young age.
For example, the concentration of growth
hormone in a healthy human decreases be-
tween the ages of 20 and 39. This means that
the “fat inhibitor” operates in full force at
this age. But even this is still not the very
beginning of “energy aging”.

A recent publication describes an experi-
ment during which 21 to 26-year-old stu-
dents were injected with nicotinic acid, a
vitamin that inhibits the mobilization of
fat. The concentration of growth hormone
in their blood increased by more than two-
fold. This means that the “fat inhibitor” is
operative even at this young age.

It can be assumed that the accumulation
of surplus fat, which creates the “fat inhib-
itor”, begins immediately after the cessa-
tion of the organism’s growth and develop-
ment. In this sense the accumulation of
fat, which inhibits the secretion of growth
hormone, may be one of the factors that
switch off the growth-stimulating influence
of growth hormone and, at the same time,
the mechanism that switches the organism
to the fat-based energy supply.

It has been calculated that the accumu-
lation of four to five kilograms of surplus
fat in the organism creates a dangerous
shift in metabolism, which is sufficient for
the development of atherosclerosis. Indirect
calculations indicate that this superficial-
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ly minor weight gain is realized by the age
of thirty if one considers the beginning of
the countdown to be the age of twenty.
But the key role of obesity in the formation
of age-related pathology is also determined
by many other factors, which are outlined
below.

First of all, a reserve of potential energy
is created in the form of fat, which deter-
mines the basic feature of age-related dis-
eases, viz., their development due to the in-
tensification of normal physiological pro-
cesses. The key role is performed by the re-
lationship between obesity and the in-
creased level of insulin in the blood.

Obesity and insulin make an “insepara-
ble couple”. This alliance is so essential
that it is revealed even at the earlier stages
of an organism’s development and, appar-
ently, of the evolution of an organism as a
whole. The fact is that, alongside insulin,
there are also insulin-like substances in the
organism, or, as they are called, somatome-
dins, which mediate the effect of growth
hormone. The concentration of somatome-
dins increases in obesity, while their sur-
plus contributes to the development of
atherosclerosis (Chapter 9) and cancer
(Chapter 10).*

* In particular, cholesterol synthesis increases in
proportion to the increase in the body size, which
is expressed by the body mass or its surface area.
This association is preserved in obesity even in
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Second, obesity reduces the effectiveness
of immunological protection (Chapter 9).

Third, obesity creates conditions for the
onset of type II diabetes mellitus, or, to be
more precise, it induces a specific condition,
viz., a decrease in the utilization of glu-
cose as fuel. The age-related decrease in
the rate of utilizing glucose and type II
diabetes mellitus are not quite identical
though obesity contributes to the develop-
ment of both these conditions. The age-relat-
ed decrease in the rate of utilizing glucose
and the increase in the level of postprandial
reactive insulin take place in everyone,
while type II diabetes mellitus, i.e., diabe-
tes mellitus that develops despite the sur-
plus of insulin in the blood, is a frequently
encountered, but not obligatory (normal),
disease.

The fourth factor is that obesity contrib-
utes to the onset of hypertension, in partic-
ular, due to the fact that insulin “retains”
sodium in the organism.

The fifth factor is that obesity contrib-
utes to the “gluing” together (aggregation) of
thrombocytes, which increases the proba-

middle age. In light of this, the widely accepted
assertion that in humans the synthesis of choleste-
rol decreases with increasing age seems doubtful.
Apparently, the data obtained in experiments
with rodents or in in vitro experiments (i.e.,
outside the organism) are insufficiently infor-
mative.
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bility of thrombosis, and, in the presence
of cancer, its dissemination.

The sixth factor is that obesity dimin-
ishes the activity of the thyroid gland which,
in its turn, contributes to the onset of ath-
erosclerosis and cholelithiasis.

The seventh factor, viz., the shift to the
preferable utilization of fatty acids as fuel,
which is characteristic of obesity, is the
common factor that makes obesity related
to the mechanisms functioning in the early
stages of the organism’s development during
pregnancy (Chapters 3 and 14), and to the
mechanisms by which the organism coun-
teracts the unfavourable influence of the
external environment, e.g., stress (Chap-
ter 2). This same shift determines the wide-
scale relations between obesity and accel-
erated development (Chapter 14).

Finally, owing to the fact that obesity
may also arise in persons whose regulatory
systems are sound, as aconsequence of over-
eating, which supplies the organism with
more energy than it can consume, obesity
is a highly widespread disease. In addition,
obesity due to such causes creates the same
disturbances in the organism that are char-
acteristic of obesity due to internal
causes.

What happens in the organism as a con-
sequence of obesity occurs on a broad scale,
though, in essence, only two factors are re-
sponsible, viz., surplus insulin and surplus

11—0394



162 The Grand Biological Clock

fatty acids, or, to be more precise, the com-
bined effect of these two factors.

The unfavourable effect of obesity is man-
ifested most vividly when the period of
reproduction terminates. Then, obesity plays
a fatal role, tying the processes of aging
and age-related diseases into one knot (Chap-
ter 11). This is the reason why obesity is
not a problem of the century, but a perpet-
ual problem. Hence, it is the disease of
diseases.



Chapter 9

Atherosclerosis and Metabolic
Immunodepression

Atherosclerosis and age-related decline in
immunity are as ancient as the world itself
because the basis for their development is
the mechanism ensuring the reproduction of
cells and growth of the organism.

Atherosclerosis and associated complica-
tions are the basic cause of death in indus-
trially developed countries. The excessive
supply of cholesterol in the organism to-
gether with food contributes to the develop-
ment of atherosclerosis. This has been estab-
lished in so-called epidemiological studies
examining the diet in different regions
with a high and relatively low incidence of
atherosclerosis.

However, in recent years the role of sur-
plus cholesterol in the development of ath-
erosclerosis has been frequently questioned
in the popular scientific literature. Publi-
cations addressing this problem usually
appeared as additional details about the
process were established when studying the
mechanism of the onset of this disease: in
particular, the mechanism governing the
uptake of cholesterol into the cell and its
removal (the carriers of cholesterol in this
case are various compounds that will be
discussed below) has been studied most in-

11+
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tensively. In addition, when the walls of
vessels are damaged, for example, by cer-
tain viruses, surplus cholesterol can also
accumulate despite its normal content in
the blood. But, given unperturbed condi-
tions, the old thesis remains invariable,
i.e., the higher the concentration of choles-
terol in the blood, the higher is the proba-
bility of the development of atherosclero-
sis. (For example, individuals suffering from
an inherited disease characterized by an
increased concentration of cholesterol in the
blood—homozygous family hypercholeste-
rinaemia—fall ill with serious atherosclero-
sis in their childhood.) In turn, the level of
cholesterol in the blood is determined by
its synthesis, metabolism, and destruction
in the organism, as well as by how much is
taken in with the food.

During youth the excessive intake of cho-
lesterol with food induces a decrease in its
production in the liver; therefore, the total
“cholesterol balance” is maintained in the
organism. But over the course of years, this
mechanism of self-regulation is apparently
disturbed, and the excessive intake of cho-
lesterol with food of animal origin (meat,
milk, butter, egg yolk) does not lead to a
decrease in its concentration in the blood.
On the contrary, the concentration of cho-
lesterol in the blood rises due to block-
ing of the lipoprotein receptors in the
liver.
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However, the problem of atherosclerosis
would not be so serious if everything were
determined by the type of diet. The complex-
ity of this problem is associated, first of
all, with the fact that there are internal
factors in the organism that determine the
age-related rise in the cholesterol concen-
tration in the blood.

As was mentioned in the chapter on the
law of deviation from homeostasis, during
certain periods of ontogenesis an increased
concentration of cholesterol is necessary to
ensure increased cell division. This is nec-
essary during childhood, a period of inten-
sive growth, .and in the female organism,
during pregnancy. Additional synthesis of
cholesterol is ensured in both cases (as in
the Pacific salmon during spawning) because
of the decreased utilization of glucose as
a fuel and the development of obesity, i.e.,
because the organism switches over to the
more advantageous source of energy sup-
ply—fat. Hence, “fat energy” is necessary
both for the fetus, and for the child during
the stage of growth.

But in the process of natural selection, liv-
ing nature does not relinquish its acqui-
sitions that maintain the life of the species
even if these acquisitions play an unfavou-
rable role when the organism reaches ma-
turity. Therefore, if obesity commences
without being associated with the orga-
nism’s requirements for growth (e.g., as a
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result of overeating, decrease in physical
activity, or, more importantly, age-related
changes in homeostasis), the production of
cholesterol by the liver increases as well.

In Chapters 6 and 7 we discussed the mech-
anisms of the development of age-related
obesity. Now we shall try to examine why
obesity increases cholesterol level in the
blood and why this leads to the accumula-
tion of cholesterol in the cells and tissues,
inducing various diseases, most importantly
atherosclerosis.

When the organism takes in more food
than necessary, the content of glucose in-
creases in the blood. Also, during the pro-
cess of normal aging (Chapter 11), the rate
of glucose utilization decreases. The sur-
plus glucose cannot be completely metabo-
lized all at once because the capacity of
the energy furnace is limited. Hence, the
surplus glucose stimulates a surplus secre-
tion of insulin into the blood. A large
amount of triglycerides (i.e., fats) and
cholesterol is formed from the products of
glucose and fatty acids in the liver under
the influence of the surplus insulin. Since
both these products are not water-soluble,
they are unable to leave the liver indepen-
dently. A more complex aggregate is
formed in the liver, containing carrier-pro-
teins (apoproteins) for triglycerides and
cholesterol. These particles are called lipo-
proteins.
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Triglycerides and cholesterol leave the
liver complexed to one of the classes of li-
poproteins—the very low-density lipopro-
teins (VLDL). The VLDL are subjected to
changes in the vessel bed as a result of
which the greater part of cholesterol from
the remaining VLDL is transferred by
means of enzymes and cell membrane recep-
tors to low-density lipoproteins (LDL). The
receptors . transport LDL into the cells
where free cholesterol becomes part of the
framework of the cells’ membranes. Thus,
the development of obesity meets the require-
ments for cholesterol during the orga-
nism’s growth and development.

But when obesity begins to develop in
an organism that has completed its growth,
surplus cholesterol enters cells that are not
dividing as actively as earlier. These are
the cells that make up the walls of the
blood vessels. As a result of the specific
characteristics of the uptake of cholesterol
by these cells, the cholesterol concentration
in the vascular walls increases in parallel
to the increase in the concentration of LDL
in the blood. (There are several mechanisms
that supply cholesterol to the cells: through
LDL receptors; by transport into the cell
along the concentration gradient; through
unregulated endocytosis; and more rare-
ly by phagocytosis of VLDL and LDL,
e.g., by macrophages.) The surplus choles-
terol begins to accumulate in the vascular
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wall, paving the way for the disease called
“atherosclerosis”.*

Though the amount of cholesterol in the
walls of large arteries and aorta increases
parallel to the increase in the cholesterol
concentration in the blood, which, in es-
sence, characterizes atherosclerosis, the clin-
ical complications of this process are great-
ly associated with focal lesions that are
most often conditioned by the development
of atherosclerotic plaque.

It has only recently been determined
that at the centre of each atherosclerotic
plaque there is an accumulation of smooth
muscle cells that form the framework of
large vessels alongside the connective tis-
sue. It is believed that each individual plaque
comes from one ancestral muscle cell.
In essence, an atherosclerotic plaque is a
benign muscular tumour. Accordingly, it is
assumed that herpes viruses, or chemical
carcinogens may cause the development of
an atherosclerotic plaque. The role of var-
ious injuries to the walls of the blood ves-
sels is also quite significant, because growth
factors are released from the thrombocytes
when the injuries are being repaired, and

* The medical classification of diseases associated
with atherosclerosis is based on clinical symptoms
of the disease, e.g., myocardial ischemia, vascular
injury of the brain. In this discussion only the
biological regularities in the development of
atherosclerosis are addressed,
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these factors may condition excessive sti-
mulation of cell division in the tissues of
the vessels. Finally, metabolic and hormo-
nal factors, i.e., an increase in the concen-
tration of insulin, somatomedins, and cho-
lesterol (LDL), also contribute to increased
cell division in the vascular walls and to
excessive “sticking” of the thrombocytes.

The result is an atherosclerotic plaque
with layers of muscle cells, endothelia,
collagen, macrophages (foam cells), lipids
(cholesterol ester), and calcium deposits. Fi-
nally, as a consequence of the excessive
synthesis of triglycerides and cholesterol
in the liver, the structure of the carrier-pro-
teins (apoproteins) can change, which leads
to an increased supply of LDL particles
reaching the vascular walls via immuno-
logical mechanism.

We see here that a vitally significant pro-
cess that ensures cell division is at the ba-
sis of the onset of atherosclerosis, but this
physiological mechanism now functions in-
correctly and excessively.

The point should be made that the orga-
nism is not so defenceless in regard to athe-
rosclerosis. In the first place, in addition to
the lipoproteins that transport cholesterol
into the cell (VLDL and LDL), there are
high-density lipoproteins (HDL) that remove
surplus cholesterol from the cell. True, it
has been determined that the production of
the HDL precursor in the liver decreases if
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there is a decrease in physical activity or if
the fat mass and concentration of triglyce-
rides in the blood increase, which is com-
monly observed with the advance of age
and in the case of obesity. When consider-
ing everything stated above, viz., the
dependence of the development of athero-
sclerosis (especially its complications) on the
complexes of factors, it becomes clear that
an increase or decrease in the cholesterol
concentration in the blood cannot in each
individual case accurately characterize the
risk of onset of atherosclerosis and reflects
the probability of this risk only when there
is a large number of observations.

- The immune system is the second barrier
of protection against atherosclerosis. This
multicomplex system includes, among
others, macrophages, or, as they are some-
times called, “garbage collectors”. By means
of phagocytosis (engulfment) which was
discovered by I. I. Mechnikov, these cells
eliminate dead cells and various large par-
ticles (e.g., microbes and fat “droplets”).
It was observed long ago that macrophages
overloaded with fat transform into foam
cells and are unable to “transport” their
cargo to the lymphatic ducts.

These macrophages “poisoned” with fat
may make up one of the components of the
phenomenon qualified as metabolic immuno-
depression. To understand the origin of
this phenomenon, it is necessary to focus
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once again on some mechanisms originating
during pregnancy.

Two tasks of the organism that ensure
pregnancy are associated with this problem.
One of these tasks is to create conditions
for the rapid increase in the mass of fetal
cells. As mentioned above this task is
solved by shifting the organism to an energy
supply, based on the metabolism of fat,
which ensures the necessary synthesis of
cholesterol for building cell membranes. The
second task is reduced to the necessity of
suppressing cellular (transplantation) im-
munity. Let’s discuss this in greater de-
tail.

The immune system, which, as is com-
monly stated, discriminates “self” from
what is “foreign”, came into existence at a
certain stage of evolution. At first it was
thought that the immune system protects
the organism only against the penetration of
microbes and viruses. By discriminating
the microbe from its own proteins, the sys-
tem can apply two mechanisms of protec-
tion. According to one mechanism, white
blood corpuscles—lymphocytes (or, to be
more precise, their descendants, the plasmo-
cytes)—produce defense proteins called an-
tibodies, which have an “affinity” for the
strange proteins of the microbe and, as a
result, neutralize them. Lymphocytes that
are associated with the production of anti-
bodies are called B-lymphocytes. They are
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the major carriers of so-called humoral im-
munity. The antibodies are distributed
throughout the organism by the blood cir-
culation.

The second mechanism of protection is
cellular immunity. It is effected directly by
the immune cells called thymus-dependent
lymphocytes, or T-lymphocytes. In turn,
the T-lymphocytes are divided into several
subgroups, including memory lymphocytes,
helper lymphocytes and suppressor lym-
phocytes (T-suppressors) which suppress the
activity of B-lymphocytes.

Finally, it is necessary to mention in
this brief enumeration the major working
factors of the immune system called A-
cells, or macrophages, i.e., devourer cells.
The three basic systems of immunity, viz.,
cellular, humoral, and A-cells, are in com-
plex interaction, releasing special substances
that coordinate their work.

The proteins that form the structural and
functional base of each cell have a set of
“building blocks” that differ from each
other both quantitatively and qualitatively
although they are made up of the same
components in all living beings. These differ-
ences define the individual composition of
each species of living organisms, and the
specific features of each individual within
aspecies. Therefore, each organism is unique
and inimitable. Tissue incompatibility
is a consequence of this phenomenon,
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In addition, when the memory lympho-
cytes are still in the embryonal stage they
“memorize” the proteins of their own body
once and for all, recognizing them as their
own. In essence, this property of the im-
mune system is a major one for preserving
constancy of the internal environment in the
organism. It does not matter whether the
activity of the immune system is directed
against tissues, bacteria, viruses, fungi,
damaged tissues in the body proper, or,
finally, against the changed properties of
the body’s cells (which occurs in malignant
transformation); in all cases its purpose is
to preserve the constancy of the body’s
composition. Protection against bacteria
and certain viruses is effected mainly by
humoral immunity, or by the B-lympho-
cytes, while foreign cells are removed by
cellular, or transplantation, immunity (T-
lymphocytes). Macrophages also function
in both cases at various stages of immuno-
logical protection.

A fertilized ovum possesses not only the
properties (heredity) of the maternal orga-
nism, i.e., “of its own organism”, but also
the heredity of the paternal organism, i.e.,
“of a foreign organism”. This cell is a pe-
culiar type of foreign transplant. The alloy
of what is “self” and what is “foreign” is
recognized by the immune system. Accord-
ing to the laws of cellular, or transplanta-
tion, immunity, the fetus should be reject-
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ed by the maternal organism. Why doesn't
this occur? Although there are several theo-
ries as to how the fetus is protected from
attack by the immune system, we shall dis-
cuss a new theory, which takes into consider-
ation the phenomenon of metabolic immu-
nodepression.

As is generally known, the immune sys-
tem interacts with the other basic homeo-
static systems, primarily, with the adapta-
tional and energy ones. As was mentioned
above, cortisol, the basic protective hor-
mone whose production increases sharply
under stressful conditions, provides anti-
stress protection and induces immunodepres-
sion.* On the other hand, one of the basic
elements of the energy homeostat—growth
hormone—also stimulates the immune sys-
tem under certain conditions.

The influence of certain hormones on the
immune system has been known for about
30 years. But only recently it became clear
that fat suppresses immunity.

First, it was found that some of the pros-
taglandins, which are compounds derived
from unsaturated fatty acids (i.e., liquid
vegetable oil), suppress the immune system.
However, later it became clear that the

* The concentration of cortisol also increases
when antigens enter the organism. The hormones
of the lymphocytes transmit appropriate signals
to the hypothalamus, which specifically increases
the level of ACTH, a hormone stimulating the
secretion of cortisol.
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immune system is always suppressed when
there is a shift in the organism towards the
intensive utilization of fatty acids as fuel
(both saturated and unsaturated fatty acids),
and that this suppression bears no relation
to the formation of prostaglandins.

Before considering which metabolic fac-
tors induce immunodepression, let’s recur
once again to the role of T-lymphocytes in
cellular immunity. Mostly mature lympho-
cytes circulate in the blood. If T-lympho-
cytes are compared with erythrocytes, a
certain injustice in the “distribution of la-
bour” is evident. Erythrocytes work tireless-
ly, transporting oxygen to the tissues,
while the lymphocytes seem to travel in the
organism in a care-free manner. However,
this inactivity is only seeming: the lympho-
cytes are calm only until the “enemy” re-
veals itself, which is everything that is for-
eign and differs from the organism that is
host to the lymphocyte.

T-lymphocytes possess an amazing prop-
erty. When there is no threat, they behave
like common cells: they live, age, and die.
But when the membrane of the T-lympho-
cyte registers that some “foreign” proteins
have appeared, a series of striking transfor-
. mations occurs, as a result of which the
mature lymphocyte is rejuvenated and soon
reacquires the ability to divide. If the
“enemy” remains detectable, each new cell
that appears soon begins the cycle of divi-
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sion. As a result, the number of cells pro-
gressively increases and the “enemy” is con-
fronted by a powerful attack on the part of
the growing armada of lymphocytes.

The mature lymphocyte's capacity for di-
vision is similar to the continuous fission
potential in an amoeba. The difference is
only that in the amoeba nutrition stimu-
lates fission, while in the case of a lympho-
cyte, the stimulus comes from the environ-
ment where the “enemy”—the foreign pro-
tein (antigen)—is detected.

But for the potentially immortal amoeba,
the environment is of primary, truly vital,
significance, because its true lifespan de-
pends on external factors. When toxic sub-
stances accumulate in the environment,
they can cause the immediate death of all
the generations of unicellular organism. But
if the amoeba’s habitat is its environment,
the habitat of lymphocytes is the host
organism, first and foremost, the blood and
lymph. Continuing this analogy, it can be
assumed that the life and death of T-lym-
phocytes, as in the case of the amoeba, is de-
termined by the habitat. The accumulation
of toxic substances in the blood and lymph
can cause intoxication of the lymphocytes,
resulting in the loss of the capacity for di-
vision.

When the concentration of fatty acids,
cholesterol, and, possibly, insulin (i.e., the
whole complex of vitally necessary sub-
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stances) increases in the blood above all
limits, they become the toxic substances
that limit division and, consequently, the
life of T-lymphocytes. Each of these factors
plays a specific role.

When the organism switches over to an
energy source based on fats, the fatty acids
switch on the mechanism of glucose produc-
tion (gluconeogenesis). This is achieved not
only through the activation of the enzyme
systems by fatty acids, which transforms
amino acids (proteins) into glucose (i.e.,
activates gluconeogenesis), but also through
suppyling the necessary amino acids,
which contributes to the destruction of T-
lymphocytes.

As far as cholesterol is concerned, it en-
ters the lymphocyte, as it enters any other
cell, mainly complexed with low-density
lipoproteins. But when a surplus of cho-
lesterol accumulates in the lymphocyte
membrane, the membrane becomes less elas-
tic and its capacity to perceive the sig-
nals arising from antigens (mitogens) and
growth factors decreases, or is lost entirely.
As a result, the lymphocyte capacity for
division decreases, or is lost. And if the
quantity of T-lymphocytes does not increase
“as expected with the appearance of the
“enemy”, antigen, then many, if not all, of
the reactions of cellular immunity suffer.
Indeed, research carried out at our labora-
tory indicates that normalization of the

12—-0394
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composition of the internal environment
(and, correspondingly, an improvement in
the immune indices) combines with the
decreased concentration of cholesterol in the
lymphocytes and the recovery of their ca-
pacity for division.

The accumulation of cholesterol in the
lymphocytes, which occurs during aging,
is not a simple process. Just as mechanisms
for maintaining stability (homeostasis) exist
in the organism as a whole, similar mecha-
nisms function in each cell of the body. For
example, if cholesterol enters a cell from
the blood, then the synthesis of cholesterol
in the cell decreases and, as a consequence,
equilibrium recovers. Therefore, if the con-
centration of cholesterol in the membrane
of lymphocytes increases with increasing
age, it means that the homeostasis of the
cell is disturbed for some reason. As far as
a disturbance in the cell’s cholesterol homeo-
stasis depends on the factors of the internal
environment, it follows that the metabolic
shifts associated with an increase in the
concentrations of glucose, cholesterol, tri-
glycerides, fatty acids, and insulin in the
blood condition the accumulation of cho-
lesterol in the lymphocytes.

Finally, an elevation in the insulin level
in the blood decreases the number of insu-
lin receptors and, as a result, the sensitivity
of the lymphocyte to insulin, the hormone
that is necessary for the assimilation of
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glucose. This, in turn, drives the lympho-
cyte to switch over to the extremely dan-
gerous fat-based mode of nutrition. All to-
gether this causes a decrease in the activity
of cellular immunity, i.e., a decrease in-
duced by metabolic factors. Therefore, the
author has designated this phenomenon, or
newly discriminated normal disease, as
metabolic immunodepression.

Hence, the onset of metabolic immunode-
pression should occur whenever there is a
shift toward the intensive utilization of
fatty acids instead of glucose as a fuel.
This situation also arises during pregnancy.
The elevation in the level of fatty acids,
LDL (cholesterol), and insulin in the blood
in pregnancy, suppresses cellular immunity
and is therefore apparently one of the de-
fensive factors that prevents rejection of the
fetus as a foreign transplant.

Thus, a shift during pregnancy to the
fat-based mode of energy supply creates,
on the one hand, metabolic conditions for
the rapid increase in the cellular mass of
the fetus (which is met, in particular, by
an increased synthesis of cholesterol) and,
on the other hand, suppresses the activity
of cellular (transplantation) immunity
‘(which, in turn, contributes to an increase
in the cholesterol concentration in the blood).
Hence, two cardinal problems that are
related to an organism’'s development are
simultaneously solved.

12+
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It should be stressed that metabolic im-
munodepression affects cellular but not
humoral immunity. If it were otherwise,
i.e., if the metabolic factors depressed the
activity of all parts of the immune system,
then the suppression of humoral immunity,
which is directed mainly to counteract the
development of infections, would make the
organism highly vulnerable during preg-
nancy. This would be incompatible with
the strategy of life which lies in finding opti-
mal methods in the process of evolution
for solving problems that are related to the
development of the organism.

The selective influence of metabolism on
immunity is realized owing to the fact that
the suppressor-lymphocytes discussed above
relate to the class of T-lymphocytes. It is
the activity of the T-lymphocytes that is
suppressed by the “fat-based energy”, and
since the T-suppressors inhibit the activity
of B-lymphocytes, which produce antibo-
dies against microbes, humoral immunity
does not suffer in the presence of metabolic
immunodepression. On the contrary, the
activity of humoral immunity frequently
increases under these conditions, which in
certain cases results in adverse consequences,
contributing to the development of so-
called auto-immune diseases such as those
affecting the joints. Therefore, in particular,
with increasing age, the occurrence of anti-
bodies to one’s own tissues increases along
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with the decrease in cellular (transplanta-
tion) immunity, and this is one of the es-
sential factors in the age-related increase
in the incidence of auto-immune diseases.

Thus, the onset of metabolic immuno-
depression as a “normal disease of pregnan-
cy” is biologically expedient.

But this mechanism starts to function also
in any type of obesity that is not associat-
ed with pregnancy. It is observed in nor-
mal aging, which we shall discuss below
(Chapter 11); in chronic stress, when immu-
nological protection decreases and there is
a frequent onset of chronic diseases; in dia-
betes mellitus, which is frequently accom-
panied by infectious processes; and in ath-
erosclerosis, when metabolic immunodepres-
sion makes it difficult for the “garbage-collect-
ing” macrophages to remove surplus fat
and cholesterol from the vessels.

Metabolic immunodepression facilitates
recovery and even normalization of immu-
nity. In contrast to the assertion that the
age-related decrease in cellular immunity is
supposedly conditioned by exhaustion or a
disturbance in the activity of the parent
(trunk) immune cells that form the T-lym-
phocytes circulating in the organism, it is
- now possible to speak of therole of function-
al (metabolic) factors in the age-related
decrease in this type of immunity.

This conclusion does not contradict the
role of other factors in the age-related de-
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crease in immunity, for example, those asso-
ciated with a decrease in the production of
thymus hormones. And what is more, it
can be assumed that the elimination of
metabolic immunodepression may contribute
to the more effective influence of these
hormones. As far as the affection, or exhaus-
tion, of the reserve immune cells is con-
cerned, these phenomena apparently do
play a role, but this occurs much later after
the beginning of metabolic immunodepres-
sion. The ways of normalizing are discussed
in a special chapter, but here it is worth
noting that living nature itself “knows” of
the functional (i.e., reversible under cer-
tain conditions) character of metabolic im-
munodepression. The instinctive loss of
appetite during many diseases apparently
increases the immunobiological protection
of the organism because of the temporary
termination of the fat supply. (Though the
utilization of fat from the depots of the
organism increases when abstaining from
food, the level of insulin and cholesterol
in the blood drops, i.e., the influence of two
major components of metabolic immuno-
depression is eliminated. Therefore, cellu-
lar immunity improves during short-term
abstention from food.)

In this chapter an attempt was made to
determine what unites atherosclerosis and
metabolic immunodepression with one an-
other as well as with the mechanisms of
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growth and development of the organism.
In other words, atherosclerosis and metabol-
ic immunodepression exist as diseases be-
cause the previous mechanism of their for-
mation served the purpose of the organism'’s
growth and development as well as repair
of damaged cells. However, the deviation
of homeostasis that occurs during normal
aging switches on these mechanisms when
they are no longer necessary, or sharply
increases their activity, such as when re-
pairing injuries of the vascular wall. As a
result, these expedient physiological mech-
anisms begin to form pathologic proces-
ses.
It is certainly difficult for the author to
substantiate the thesis that everything
that contributes to the onset of metabolic
immunodepression and atherosclerosis also
creates conditions for the onset of cancer.
But the latter problem will be discussed
in the next chapter.



Chapter 10

Cancer and Cancrophilia

It will never be possible to completely pre-
vent the development of cancer but it is
quite realistic to eliminate it as a disease.
This contradiction reveals the difference and
relationship between the probabilistic and
natural events in the development of cancer.

Under experimental conditions cancer cells
can be transplanted from one organism to
another, thus maintaining the existence of
a tumour for a much longer period than the
life of the organism where they originated.
Therefore, it can be determined that the
basic difference betwen a cancer cell and a
normal cell consists in the following: a
malignant cell is potentially immortal,
while a normal cell, under similar experi-
mental conditions, can live and reproduce
for a specific and strictly limited period of
time.* It is as if a malignant cell becomes
an organism without internal causes of
death, whose lifespan is dependent on the
conditions of the habitat as it is in some
species of protozoa. Consequently, the mech-
anism of malignant transformation is sealed
in the heredity apparatus of the cell,

* Sex cells, which transmit genetic information
throughout the entire period of evolution of a spe-
cies, are still an inexplicable exception,
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i.e., cancer is first and foremost a cellular
problem.

Our knowledge concerning cancer has
increased greatly during the last few years.
Many general and scientific publications
have appeared about the impending solu-
tion of the problem of the origin of cancer,
and, possibly, of its treatment. What has
happened in this aspect?

The reader should be reminded that mod-
ern medicine originated first of all as eco-
logical medicine. Accordingly, for many
years, the search was on to find the external
causes for the development of cancer. As a
result of this laborious work it has been
determined that the following agents can
induce cancer: 1) some chemical substances
(which were designated by the term “car-
cinogen”, i.e., “cancer-producing”; 2) ioniz-
ing radiation, ultra-violet rays, and even
sunlight, which can increase the incidence
of carcinoma cutaneum and melanoma (a
type of tumour made up of cells, birth-
marks); 3) a series of hormones, e.g., fe-
male sex hormones; 4) inert materials, e.g.,
plastics plates and certain types of asbestos
fibres; and 9) certain viruses. The most
amazing thing is that all these different
agents, which seemingly have nothing in
common, can cause the transformation of
normal cells into cancerous ones that are
characterized by common properties irre-
gardless of the origin of this transformation,
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It follows that different agents that
cause malignant transformation of the cell
somehow change its genetic apparatus. In
recent years, investigations of these changes
have brought outstanding researchers to
unexpected and very important results.
First, it became possible to determine that
the genomes of viruses that cause malig-
nant transformation of the cells contain
genes directly responsible for this transfor-
mation. Gradually more than twenty genes
were identified, forming a family of on-
cogenes, i.e., genes inducing an oncologi-
cal process.* In light of these data, the vi-
ral-genetic hypothesis of the Soviet scien-
tist L.A. Zilber was confirmed, according
to which the integration of the viral ge-
nome into the genome of a normal cell can
induce its malignant transformation. At
the same time, the original version of the
“virus theory” does not explain the devel-
opment of cancer under the influence of
other non-viral agents, e.g., chemical car-
cinogens. The general picture became clear-
er when it was shown that every normal
cell (in all the investigated species, rang-

* Malignant tumours are commonly divided into
two broad categories according to the origin of
the initial (normal) cells: carcinoma is made up
of epithelial cells; and sarcoma is made up of
connective tissue cells. Malignant processes in
the hematopoietic system belong to a separate

group.
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ing from yeasts and drosophila to humans)
contains genes that are similar to viral on-
cogenes. Correspondingly, cellular onco-
genes are called protooncogenes.*

The discovery of cellular oncogenes made
it possible to explain the role of external
agents such as chemical carcinogens in the
onset of cancer as follows. Oncogenes do
not function in a normal cell, or, to be more
precise, they function in a strictly con-
trolled mode, e.g., oncogenes c-myc and c-fcs
become active during each cell division.
At the same time, harmful external as well
as internal agents (such as free radicals) can
accidentally cause such impairment of the
cellular genome that induces permanent
activation of the oncogenes.**

Today, several mechanisms are known
leading to the activation of oncogenes as a

* There are arguments in favour of the fact that

it was not the viral oncogene that was once incor-
porated into the cellular set of genes, i.e., the
genome, but on the contrary, certain viruses
“spatched away” and “included” into their structure
certain cellular genes that performed the role of
viral oncogenes when these viruses entered the
cells and again became incorporated into the cell
genomes. Therefore, the cellular oncogene is
dgsignated with the prefix “proto”, meaning
(Y3 I'St”.
**The malignant transformation of the cell is
realized in many cases by the action of at least
two oncogenes. Moreover, the property of “poten-
tial immortality” and the property of malignant
growth are ensured by different oncogenes.
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result of impairment of the genetic appa-
ratus, The basic mechanisms are as fol-
lows: 1) translocation (displacement) of a
gene or a group of genes from one chro-
mosome to another, where the oncogene
not only escapes the control of the blocker
but is also influenced by the activating
(promoter) gene. For example, during the
development of one type of lymphoma, the
cell oncogene from chromosome 8 enters
chromosome 14, and at this new site the
oncogene is subjected to continuous stimu-
lation by the regulatory (promoter) gene
that normally controls the rate of antibody
production; 2) transposition of the onco-
gene, i.e., its displacement within the same
chromosome, which leads to the activation
described above; 3) amplification (multipli-
cation of one and the same gene), which
increases the dose of coded oncoproteins;
4) integration of the viral oncogene into
the cell genome, or viral impairment of
the genetic apparatus; b5) so-called point
mutation resulting from the replacement of
one amino acid in the oncoprotein, e.g.,
replacement of the amino acid glycine by
valine in oncoprotein p21 in position 12
changes the properties of -the oncoprotein
(see below); 6) decrease in the degree of
DNA methylation, which depends not on
the change in the DNA-oncogene structure,
but on the disturbance in the methylating
mechanisms controlled by other genes.
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The activation of genes and oncogenes, no
matter how it has been induced, leads, as is
known, in the final end to increased synthe-
sis of the protein products of gene activity,
which in conformity with the activity of the
oncogenes have been designated as trans-
forming proteins or oncoproteins. Natural-
ly, immediately after the discovery of on-
cogenes a question arose as to how various
oncoproteins, which are coded for by var-
ious oncogenes, could effect the malignant
transformation of a cell. The greatest atten-
tion was given to the oncoprotein pp60,
which was coded for by the viral oncogene of
sarcoma Rousa (oncogene V-52c), because
in this case malignant transformation of the
cells is achieved by only one oncogene and,
consequently, one oncoprotein. In addition,
oncoprotein pp60, asit turned out, possessed
enzymatic activity characteristic of ty-
rosinekinase and, consequently, the in-
fluence of this oncoprotein-enzyme could
spread to various cellular systems. There-
fore, a series of hypotheses soon appeared on
the mechanism of malignant transformation
induced by oncogene pp60. We also ad-
vanced a hypothesis (V.M. Dilman and
M.V. Blagosklonny, Problems of Oncology,
- 1980, 6), which, as distinct from other hy-
potheses, was based on endocrinology. The
initial ideas of our hypothesis can be consid-
ered and compared with the subsequent
events that occurred when studying the
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mechanisms of malignant transformation
only after first discussing some endocrino-
logical problems that are related to how the
cancer cell is supplied with energy substrates.

First of all, it should be noted that the
existence of oncogenes in each cell (which
is an example of amazingly conservative
preservation for almost two billion years of
evolution if it is determined by the conjec-
tural time of the origin of yeasts, in
which oncogenes have also been found)
would be impossible if they did not play an
important role in the activity of the normal
cell.

We did not know what this role was, but,
as applied to cells, including malignant
cells that receive nutritious substances
(primarily glucose from the internal envi-
ronment of the organism), we considered the
situation in which oncogenes and, corres-
pondingly, oncoproteins could play an es-
sential role.

As is known, each cell needs glucose but
glucose is unable to penetrate the cell with-
out the aid of special protein carriers. In
their turn, the synthesis and functioning of
these carriers is controlled by hormones,
primarily insulin, which brings about its
effect by activating the enzyme of its mem-
brane receptor. In the absence of insulin,
glucose transport practically ceases. Insulin
also stimulates the uptake of amino acids
and other substances into the cell; more-
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over, the cell can begin its cycle of division
(reproduction) only after it has accumulated
certain reserves of these materials.*

It should be taken into consideration
that cancer cells consume much more glu-
cose than normal, “healthy”, ones. It is
known that glucose can be utilized as an
energy source either in the cycle of fermen-
tation (where energy is produced without
the participation of oxygen, and lactic
acid is the final product of glucose metabo-
lism), or in the cycle of respiration (where
oxygen is consumed, and the final pro-
ducts are carbon dioxide and water). As
far back as the 1930s it was demonstrated
in the classical works of the German scien-
tist Otto Warburg that fermentation was
increased ten- to thirtyfold in cancer cells.
The following question should have natu-
rally arisen immediately after Warburg's
discovery: how could such a large amount
of glucose enter the cancer cells, which
leads to a tremendous (by cell standards)
accumulation of lactic acid?

* It is remarkable that the same dependence,
though in a modified form, is preserved in an in-
tegral organism. The age-related switching on of
. the reproductive function in girls occurs when the
mass of fat (the potential energy material) in-
creases to a certain amount. Therefore, the repro-
ductive function switches on later in female athle-
tes and ballerinas as a result of a reduced amount
of fat due to the greater accumulation of muscular
tissue.
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However, this question was never asked,
although a malignant tumour was called a
“trap” for nitrogen and glucose. It was as
if the role of a “trap” did not require an
increase in the transport of glucose into
the cell and, consequently, it was unneces-
sary to ascertain how this increase was en-
sured.

When elaborating our hypothesis, we pro-
ceeded from the necessity of elucidating the
reason for the accumulation of lactic acid
in malignant cells. As is known, it was first
thought that the accumulation of lactic
acid in the cancer cell was associated with
the reduced utilization of the products of
glucose transformation in oxidation process-
es, which occurred with the consumption of
oxygen. This, in turn, caused a shift in the
metabolism towards fermentation. Howe-
ver, after 1950, when it was already quite
clear that glucose oxidation was not dis-
turbed in cancer cell, the accumulation of
lactic acid could be explained only on
account of the increased transport of glu-
cose into the malignant cells. We assumed
that oncoprotein pp60, which is attached to
the inside of the cell membrane, performed
the so-called “insulinization of the cell
membrane” that ensured an increase in
glucose transport into the malignant cell.
In light of modern data, it is quite prob-
able that oncoprotein pp60 can perform
the function of a receptor that does not
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require activation by hormones such as
insulin or insulin-like hormones because
the receptor enzyme of oncoprotein pp60
(tyrosinekinase) is already in an activated
state. »

A report was published in 1984 stating
that the oncoprotein that is coded by onco-
gene erb-B and is located on the cell mem-
brane probably performs the function of a
receptor. Several examples of this type,
where an oncogene codes for the hormone
receptor, are currently known. The follow-
ing question naturally arises: are such
changes sufficient to transform a normal cell
into a transformed or malignant cell? Be-
fore examining how modern data make it
possible to answer this question, let’s con-
sider again some general principles of en-
docrinology.

Any process in an organism has a reason
for occurring. For example, cells do not
divide. without receiving a signal from
outside. According to our hypothesis, the
“insulinization of the cell membrane” en-
sures the continuous transport of glucose,
which, in its turn, we qualify as a signal
that stimulates cell division. However, it is
known that a signal for cellular division is
- transmitted by hormones and it should be
noted that it is the hormones that exert a
growth-stimulating influence which directly
or indirectly induces an insulin-like effect,
i.e., stimulates the transport of glucose

13~-0394
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into the cell. In addition to insulin, other
insulin-like hormones are produced in the
organism to ensure the transport of glucose
into the cell. These hormones are commonly
designated as growth factors because they
control not only the transport of glucose
but also the entire complex of events that
leads to the division of cells. Many growth
factors are known that influence various
cells, e.g., the nerve growth factor, fibro-
blast growth factor, growth factor secreted
by thrombocytes (PDGF), and epidermal
growth factor (EGF). Since there are var-
ious growth factors in the internal environ-
ment of the organism, their effect on one or
another type of cell is determined by the
presence or absence of receptors for that
specific growth factor on the cell’s exter-
nal membrane. When the growth factor
binds to its receptor, the latter is activat-
ed, i.e., the enzyme that is located in the
intracellular part of the receptor is activat-
ed, which, in turn, activates the respec-
tive intracellular protein. As a result, a
cascade of reactions is initiated, inducing,
in the final end, the division of the cell.

As is known, malignant cells have a ca-
pacity for an infinite number of divisions,
which forms the basis for their potential
immortality. The researchers who studied
the reproduction of sarcoma cells in a so-
called cell culture discovered that the
sarcomatous growth factor (SGF) accumu-
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lated in the cell environment. The addition
of SGF to a normal line of connective tis-
sue cells—fibroblasts—imparted the latter
with all the features of transformed cells.
On these grounds, SGF and other similar
factors that were discovered at a later time
were designated as transforming growth fac-
tors (TGF). Certainly, the transformation
of normal cells into malignant ones was
temporary because, according to the exper-
imental conditions, the system functioned
only as long as TGF was added and without
the participation of an oncogene. Under
conditions of true transformation, the on-
cogene could ensure the continuous produc-
tion of TGF.*

These investigations led to a very impor-
tant theoretical conclusion on the essential
difference between normal and malignant
cells. As was emphasized above, the divi-
sion of anormal cell is induced from the out-
side by a hormone, or a growth factor. In
other words, the endocrine system is organ-
ized by at least two elements, viz., the

* At the present time it is believed that cells such
as fibroblasts, which can be maintained outside
the organism in a cell culture, are already in a pre-
cancerous state, and, therefore, only TGF is
- necessary for their temporary transformation. The
oncogene that codes for the secretion of TGF
would function continuously in true malignant
transformation. Accordingly, the secretion of TGF
would be continuous, and the transformed state
of the cell would be stably maintained.

13%
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cells producing a hormonal signal, and
cells perceiving this signal, which ensures
self-regulation of the endocrine influences
by the feedback mechanism (see Chapter 1).
In contrast, as was suggested by M. Sporn
and G. Todaro (1980), malignant cells se-
creted TGF for themselves, i.e., TGF acted
on the same cell that produced it. This
type of hormonal secretion was designated
as autocrine secretion. The autonomy of
malignant cells (i.e., their independence
from the organism’s hormonal signals),
which is characteristic of some types of
tumours, can be conditioned by the mecha-
nism of autocrine secretion. In accordance,
there exists a variant of malignant trans-
formation when the activated oncogene
codes for the continuous production of on-
coprotein, which possesses the properties of
TGF.

It must be noted that autocrine secretion
is apparently characteristic of embryonal
cells. These cells (just as cancer cells) need
hormonal stimulation of glucose transport
into the cells. But there are no endocrine
glands in the early embryonic period, e.g.,
the pancreas, which produces insulin, starts
to function only during the twelfth week of
development of the human fetus. Therefore,
embryonic cells must secrete insulin-like
hormones that act on these cells by the
autocrine mechanism. Indeed, some TGF
are released from the embryonic tissues.
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The organism, however, switches over to
endocrine control with the development
of the fetus and appearance of endocrine
glands, and the autocrine secretion of hor-
mones terminates (or decreases). The latter
is achieved either by blocking (repressing)
the effect of the respective “embryonic”
genes (oncogenes) that code for the growth
factors, or by blocking the oncogenes that
produce their receptors. Therefore, it can
be assumed that malignant transformation
of cells is initiated by the depression (un-
blocking, or activation) of the genes that
code for the secretion of growth factors, or
for the synthesis of their receptors. Hence,
in essence, these genes are protooncogenes.

Thus, the presence of agents similar to
TGF, i.e., factors ensuring increased trans-
port of glucose into malignant cells, could
simply be assumed long before they were
discovered. The question of what induced
the accumulation of lactic acid in tumour
cells had to be raised.* Therefore, the sig-
nificance of our hypothesis took shape
owing to the fact that the mechanism by

* In 1980 when we advanced our hypothesis
science only knew of the existence of TGF. In
spite of this, we wrote, “However, the presence of
the Warburg phenomenon in carcinomas indicates
that with these types of tumours the transport of
glucose is increased. Consequently, the internal
insulinizing factor, or the effect determined by
it, should exist in all types of malignant tumours,
not only in sarcomas,”
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which oncoproteins induced malignant
transformation was correlated with the pro-
cesses controlled by hormones and growth
factors.

It would seem that after the discovery of
TGF the assumption of “insulinization of
the cell membrane” should have lost its
significance because TGF itself could be the
agent that, like other growth factors, acts
on the receptors of the cell membrane, en-
suring an increase in the uptake of glucose
(and other nutritious substances) into the
cell and the cell’s transformation. But this
is not the case because there exists not one
but several mechanisms that ensure the
specific properties of tumour cells and, in
particular, increased transport of glucose.
One of these methods is the autocrine me-
chanism itself in which the effect of TGF is
realized (Fig. 6). The second mechanism
could be called a semi-autocrine one, where-
in the oncogene ensures the synthesis of
growth factor receptors, although the growth
factor itself is secreted by normal cells.*
As far as the third mechanism is concerned,
it is realized by common (the author
stresses, common) growth factors if the gene
that codes for the secretion of the growth
factor is activated and functions in a con-

* As stated above, the oncoprotein-receptor can
be primarily activated and in this case its activa-
tion by the growth factor is unnecessary.
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Fig. 6. Autocrine mechanism of cancer cell auto-
nomy: 1—viruses, radiation, chemical carcinogens,
free radicals, and other factors that initiate acti-
vation of “sleeping” oncogenes by various mecha-
nisms; 2—activation of oncogenes ensuring “im-
mortality” of cells; 3—variant by which the
oncogene product (oncoprotein) is localized on the
plasma membrane of the cell and performs the
role of a receptor for the normal growth factors
in the blood (e.g., oncoprotein erb-B which acts
as a receptor for epidermal growth factor (EGF);
4—variant in which the oncogenes code for the
production of transforming growth factors (TGF)
that influence the receptors on the cell; hence,
reproduction of the cancer cell is realized auto-
nomously, i.e. independently of the factors of the
organism; 5—oncogenes that code for the forma-
tion of oncoproteins, representing activated phos-
phokinases that initiate a series of metabolic
changes characteristic of the cancer cell.
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tinuous mode. This unusual discovery was
made by several groups of researchers, but
very often, especially in popular scientific
literature, it is described as follows. In May
1983, R. Doolittle, a specialist in the chemis-
try of proteins, who was conducting com-
puter analysis of a large amount of data on
the structure of various proteins, fed into
the computer data published by other au-
thors on the growth factor released by throm-
bocytes (PDGF). The computer printout
was unexpected: this factor strikingly re-
sembled the previously discovered oncopro-
tein that was coded for by the monkey sar-
coma oncogene (V-SiS). In other words,
what is distinctive of one type of viral ma-
lignant transformation, and what is in
common blood platelets, whose main func-
tion is to stop bleeding in wounds, is one
and the same, or, to be more precise, almost
one and the same. This discovery evoked
the impression that the “last mystery of
cancer” was soon to be tackled. It was just
as amazing that the discovery, in the spirit
of scientific and technological progress, was
made by a computer. In reality this all
started not in 1983 but several years earlier.
In any case, in 1980, the Swedish research-
er Karl Heldin and coauthors published
a paper emphasizing the similarity between
the chemical and biological properties of
TGF released by human sarcoma cells and
those of PDGF. Their similarity lay in the
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fact that both these factors, viz., the com-
mon thrombocytic and the sarcomatous ones,
influence the cell via the same receptors on
its external membrane. In 1983, continu-
ing these studies, a scientific group includ-
ing K. Heldin determined (without the
sudden “insight” of the computer) a consid-
erable degree of structural similarity be-
tween PDGF and the oncoprotein coded for
by the viral oncogene.

It was impossible to immediately assess
the unusual significance of these studies.
Oncogenes had been discovered only a few
years earlier. It had seemed that the term
“cancer genes” had stressed new properties
of the cell that were obtained by the latter
during malignant transformation. But now
it turned out that the mysterious oncogene
was a common gene coding for the synthe-
sis of a common growth factor. It was still
necessary to prove that the growth factor
could transform a mormal cell into a malig-
nant one if it was secreted by the autocrine
mechanism. In 1987, several research
groups proved the existence of such a mecha-
nism of malignant transformation. A gene
of the epidermal growth factor (EGF) was
“inserted” into the genome of a normal line
-of fibroblasts, and a small section of the
gene—a promoter—was “attached”, in turn,
to the EGF gene. The promoter is a gene
that ensures the continuous functioning of
the EGF gene and consequently, the contin-
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uous secretion of EGF. Fibroblasts with
an “inserted” modified gene began to behave
like malignant cells.* However, the beha-
viour of the fibroblasts normalized when an-
tibodies that neutralized EGF on the cell
membrane were added to these cells.
Thus, cell oncogenes are not only analo-
gues of viral oncogenes. Any gene that
codes for the secretion of a growth factor
gains the properties of an oncogene if the
impairment of the genome causes conti-
nuous activation of this gene and if the re-
ceptors for the growth factor are coded for
by this gene. It is quite possible that in
many cases at least two oncogenes are neces-
sary for malignant transformation of a cell.**
At the same time, as is known, after
both the growth factor and TGF act on the
receptor (in which the internal part is an
enzyme), a series of activating reactions in
the system of intracellular proteins is in-
duced. Therefore, it was also possible to as-

* T. Dexter and coauthors had demonstrated
earlier (1984) that the cells could either be- at
rest, or could intensively reproduce or transform,
depending on whether or not hemopoietic growth
factor was present in the medium, and, moreover,
an increase in glucose transport was observed in
the given sequence.

** For example, activation of the oncogene c-myc
is observed in many cases of malignant transfor-
mation and its influence is apparently manifested
at the level of the cell nucleus; therefore, another
gene must be activated to ensure increased trans-
port of glucose,
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sume a variant of malignant transformation
wherein the oncoprotein immediately per-
formed the role of an activated intracellu-
lar protein. This means the possibility of
malignant transformation without the
participation of TGF and its receptors
(A.G. Golubev and V.M. Dilman, 1983),
and even without autocrine secretion of
growth factors. Finally, it is known from
endocrinology that the receptors of hor-
mones can be activated under certain condi-
tions by antibodies to these receptors, as
occurs, for example, when the thyroid gland
is overactive (Graves' disease). Therefore,
we assumed that an autoimmune mechanism
for inducing tumoral growth without the
participation of oncogenes, or TGF could,
in principle, exist.

Thus, the concept of the oncogene gra-
dually loses its primary meaning and it be-
comes clearer that malignant transformation
of the cell is mainly due to a “breakdown”
in the transmission of the hormonal signal.
And a “breakdown” in any link of this cas-
cade signal, if the continuous autocrine me-
chanism begins to function, can induce the
transformation of a normal cell into a ma-
lignant one.*

* If the term “oncogene” is to be retained, it
should be borne in mind that all the genes, which
when their functioning is disturbed cause transfor-
mation of the cell (and not only viral oncogenes
and cell precursors of viral oncogenes), are onco-
genes by definition,
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In light of all that has been discussed in
this chapter, an attempt can be made to
elucidate the main difference in the behav-
iour of a normal cell (with its limited po-
tential number of divisions) and a trans-
formed cell (with its potential immortality).
For example, the changes in the cell mem-
brane of a normal cell (the accumulation
of cholestero! in it) may cause a loss in the
receptor sensitivity to growth factors and a
decrease in the synthesis of the receptors.
On the other hand, either “constant expres-
sion of the receptor systems” (M.V. Bla-
gosklonny, 1985), or constant activation of
the oncogenes, whose effect is realized at the
postreceptor level (as is characteristic, for
example, of the c-myc oncogene) can pro-
vide the malignant cell with immortality.

In recent years the optimistic expecta-
tions concerning the search for specific
methods of treating malignant tumours were
associated, first of all, with the discovery of
oncogenes. However, as far back as 1981,
in the first Russian edition of this book,
this author wrote the following: “At the
same time the hypothesis of “cell insulin-
ization” transferred the “cancer drama”
from the depths of the cell (where the still
inaccessible cancer gene resides) to its
surface where the membrane receptors are
located. This means that if these receptors
are blocked by means of antibodies to these
receptors, reproduction of the cancer cell



Ch. 10. Cancer and Cancrophilia 205

should cease and the cell would become an
accessible target for 1mmunologlcal anti-
tumoral protection”.

In 1983, G. Carpenter and coauthors
wrote that antibodies to the receptor for
epidermal growth factor blocked the onco-
logical activity of sarcomatous growth fac-
tor. Their publication clearly demonstrated
the beginning of a new trend in the search
for antitumoral " agents.

One more element in the strategy of the
cancer cell must be considered when elabo-
rating ways of influencing the tumoral pro-
cess. Cells, like organisms in a closed pop-
ulation, can experience hunger due to
overdensity, or overpopulation. The cell
can avoid this by moving to other parts of
the organism, i.e., by metastasizing. But
it must have a special method for accli-
matizing in new tissues. The method is yet
unclear but the similarity between embryo-
nal and malignant cells suggests that the
fertilized ovum is in the same situation.
It must also “acclimatize” in a specified
place. It is possible that the elaboration of
chorionic gonadotropin, which has an im-
munodepressive effect, serves this end. It is
just amazing that this hormone is produced
after only a few divisions following ferti-
lization. Chorionic gonadotropin is also
found in the membrane of cancer cells and
even in the membrane of some microbes
that infect humans suffering from cancer.
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It is hard to imagine how information is
transmitted from the cancer cells to these
microbes, but, most probably, oncofactors
are involved.

In the first Russian edition of this book
(1981), this author wrote: “Beyond all
question one should not neglect the search
for biological objects (microorganisms, pro-
tozoans, and simply somatic cells) sensitive
to oncofactors when elaborating methods
for detecting tumours”. In 1984, R. Derynck
and coauthors identified the chemical struc-
ture of one of the oncofactors, viz., alpha-
TGF, which contains 50 amino acids. Mean-
while, another goal has been set—the im-
munological neutralization of chorionic go-
nadotropin—in an attempt to find a way
to counter the strategy of the cancer cell.
In particular, it has been demonstrated
recently in our laboratory that immuno-
logical neutralization of chorionic gonado-
tropin greatly inhibited the growth of a
malignant tumour.

Thus, we have discussed the initial
stages of malignant transformation. These
stages are associated with the damaging
effect of external and internal factors, and
it is practically (and theoretically) impos-
sible to avoid this effect, e.g., impairment
caused by free radical reactions (Chapter 11).
As a result, it becomes clear why medicine
will never be able to fully prevent cancer,
the more so that this process initially affects
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only one cell and, therefore, it is impos-
sible to detect it. But the whole process of
malignant transformation and especially
the subsequent stages in the development
of cancer can, certainly, be prevented.

In essence, this is exactly what usually
occurs in reality as the frequency of im-
pairment of the genetic apparatus that can
induce the development of cancer is many
hundred times greater than the frequency
of clinical cancer. This difference is con-
ditioned by the multicomponent character
of malignant transformation, which in-
cludes several stages at each of which the
process can stop, and by the presence of
systems in the organism designed to elim-
inate the transformed (cancer) cell. Let’s
briefly discuss both phenomena.

Several decades ago, in an experiment
on the origination of carcinoma cutaneum,
this process was determined to occur in two
stages. It is quite obvious today that the
number of stages can be much greater.
We’ll limit ourselves to considering three
clearly outlined stages.

When a small dose of a carcinogen is
applied to the skin, it often appears that
there is no pathology, i.e., tumours do not
grow and no changes are found in micro-
scopic studies of the skin cells. But, if cer-
tain substances that do not in themselves
induce carcinoma are applied to the skin
after the carcinogen, tumours are discov-
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ered after some time. The substance used in
the first experiments was croton oil, which,
as is known, causes a strong inflammatory
reaction. Later, about 25 substances were
extracted from croton oil (so-called phorbol
diethers) that act just like the oil proper
though the inflammatory effect is not pro-
nounced. Proceeding from these experi-
ments, two stages in malignant transfor-
mation were differentiated, viz., the stage
of initiation, which is conditioned by the
impairing effect of the carcinogen on the
genetic apparatus of the cell, and the stage
of promotion (advancement), which is con-
ditioned by commonly noncarcinogenic sub-
stances that have been called promoters.

Numerous observations confirm that these
stages exist not only under experimental
conditions but also in similar real situations.
For example, in the forties and fifties of
this century X-rays were often used in
medicine for treating inflammatory pro-
cesses (frequently, chronic inflammation
of the tonsils) and for irradiation of an
enlarged thymus (at that time it was a gland
of unknown significance for the organism,
see Chapter 9). In both cases, the thyroid
gland was exposed to radiation. As a re-
sult, the incidence of struma maligna in-
creased sharply in irradiated humans. The
direct impairing effect of the X-rays was
very brief, yet initiation (origination) of the
malignant process is related precisely to this
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period of irradiation. From these observa-
tions it follows that the cells can be in a pre-
cancerous condition for many years before
a tumour commences to grow under the
influence of some other factor (promoter).

Many similar authentic cases are known
today in which the time interval between
the initiation of a malignant process and
its clinical identification is determined
quite accurately. The contemporary under-
standing is that the latent period between
carcinogenic initiation and clinical identi-
fication of the tumoral process is not less
than 10 years on the average. However,
this conclusion is obviously incorrect when
cancer occurs in children (in rare cases
even during their intrauterine development),
as well as in young adults. The reasons for
this contradiction will be discussed below.

A tumour begins to form in the organism
when the initially transformed cell becomes
a truly malignant one (i.e., the cell has
passed the stages of initiation and pro-
motion). With an increase in the number of
tumour cells (i.e., as their origin is less
and less directly related to the initial can-
cer cell), the cells themselves become more
malignant, apparently, due to activation
-of additional oncogenes. This third stage
in the development of cancer is designated
as the stage of progression.

Bearing all this in mind, modern oncology
interprets the reasons for the -age-related

14—0394
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increase in the incidence of cancer as fol-
lows. As is known, the incidence of cancer
increases almost 100-fold between the ages
of 20 and 65. It is usually thought that this
increase is conditioned mainly by increased
exposure to various chemical carcinogens
because it is known that the greater the
dose of carcinogen received by the organism
in a certain period of time, the greater the
probability of cancer. The carcinogens may
not only cause damage to the genetic appa-
ratus that induces cancer, they may also
stimulate the division of cells, which is
necessary for the stage of promotion. As
a result, it is frequently concluded that
it is sufficient to lower the concentration
of carcinogens in the environment (or to
eliminate the carcinogens completely) in
order to decrease the incidence of tumours
observed in humans by more than half.
However, the appealing obviousness of this
approach greatly simplifies the problem.

Let’s consider the results of a modern
experimental observation made by Robert
Good and coworkers. Through selection,
cancer-susceptible strains of animals (in
particular, cancer strains of mice) were
derived. Carcinoma of the mammary gland
arises in 71% of the five-month old mice
in one of these strains. At the same time,
when the food ration of the animals was
artificially reduced by 37% as compared
to the ration ingested when the mice had
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free access, no mice of this age developed
a tumour.

The latter observation is not unique. It
has been increasingly observed since the
1940s, indicating that not only the duration
of action or concentration of the carcino-
genic agent, but also the condition of the
organism determine the probability of de-
veloping cancer.

But perhaps the data obtained in the
experiment has nothing in common with
the development of cancer in humans?
Actually, numerous statistical observations
confirm that obesity increases the proba-
bility of all kinds of tumours in humans.
Hence, if the development of cancer depends
on the time of exposure to the carcinogenic
factors, then time passes faster in obese
humans. And in general, when it is stated
that the carcinogenic effect is proportional
to the duration of the exposure to the car-
cinogenic agent in a human, it must be
remembered that not only does the time
factor increase the carcinogenic dose re-
ceived by the organism, but the latter itself
changes over time in the process of aging.
In particular, age-related obesity is a
regular occurrence with increasing age.

- In the experiment described, how can the
retarded onset of the “cancerous age” be
explained when restricting the caloric value
of the diet, and, conversely, how is the
“carcinogenic time” accelerated when there

14*
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is a surplus in body mass? It seems most
logical to look for an explanation among
the regular patterns that determine the
age-related development of atherosclerosis
and metabolic immunodepression, or, more
generally, among the laws governing the
growth and development of the organism.
The condition of the organism can in-
fluence all stages of the development of
cancer, i.e., initiation, promotion, and
progression. It significantly determines
whether cancer in general develops as a
disease, and influences the course of the
tumorous process if it does develop.
Already at the stage of initiation the orga-
nism has some protective mechanisms. Ignor-
ing the various ways of rendering carcino-
gens in an organism harmless, one need
only be reminded of the existence of sys-
tems of recovery (repair) of the damaged
DNA structure, i.e., repair of the structure
of the genes. It is assumed that this system
of repairing DNA appeared at the dawn
of the origin of life when the main role in
inflicting damage was performed by factors
in sunlight, including wultra-violet rays
whose effect on the cells intensified due to
the absence of oxygen in the atmosphere
(see Chapter 11). The data on a series of
genetic diseases where there are inborn
disturbances in the mechanism of DNA
repair indicate that DNA repair systems
also protect the genes at the stage of can-
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cer initiation. In these diseases (xeroderma
pigmentosum, familial polyposis, Fanco-
ni’s anemia, etc.) the incidence of cancer
is dozens and hundreds of times greater as
compared to the usual figure.

However, after the stage of initiation the
condition of the organism influences the
development of cancer. This follows from
the presence of a long period during which
the stage of promotion that follows trans-
forming damage of the cell may not be
realized. As stated above, certain sub-
stances, e.g., phorbol compounds, which
have no relation to the organism, are pro-
moters of the tumorous process. But re-
cently receptors have been discovered on
the membranes of cells through which
phorbol compounds act. It follows that the
organism contains similar physiological sub-
stances for which the stated receptors are
naturally intended. The fact that the latent
period in the development of cancer can
extend to dozens of years indicates that
the promoter effect intensifies with age.
This means that this can be counteracted
under certain conditions. In particular,
though the effect of promotion is not re-
duced to only intensification of cell division,
it always requires a certain number of cell
divisions, and this phenomenon is greatly
controlled by the factors of the medium
washing over the cell.

The following experiment demonstrates
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this. When an insufficient quantity of
iodine, which is an essential component of
thyroid hormone, is taken in by the orga-
nism with food and water, the concentration
of this hormone in the blood decreases. This
decrease, which weakens the mechanism of
negative feedback, increases the activity
of the part of the hypothalamic-pituitary
system that stimulates the function of the
thyroid gland. The cells of the thyroid
gland divide intensively as a result of
increased stimulation, which increases the
“working area” of the organ. This compen-
satory increase is directed to meet the de-
 ficiency in thyroid hormone. But, as the
amount of iodine is still insufficient to
produce the hormone (its content in the
food and water is reduced experimentally),
equilibrium is not restored and the thyroid
gland is in a condition of permanently
increased stimulation. Benign tumours form
in this “overstimulated” gland, and even
malignant ones if excessive stimulation
continues long enough. However, if the
animals are injected with thyroid hormone
at the onset of benign tumour formation,
equilibrium is restored in the system and
the development of cancer is prevented.

This example demonstrates that one of
the conditions that contributes to the onset
of cancer is an increase in the rate of cell
division. This condition is so important
that cells that lose the capacity for division
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in an adult organism do not in general
transform into cancer cells.

Finally, the immune system with its vari-
ous subsystems provides powerful anti-
tumorigenic protection. F. Bernett, the
outstanding Australian immunologist, de-
veloped the concept of the existence of
“immunological surveillance”, which pro-
tects the organism against “foreign” cells.
This is a well-known phenomenon. It is
observed in organ transplantation, e.g., of
the heart or kidneys, and when treating
certain diseases. But, certainly, this situ-
ation is not encountered under natural con-
ditions, except for the period of pregnancy
when immunological supervision of the
maternal organism may cause rejection of
the fetus because, like a transplant, it
combines “own” (maternal) and “foreign”
(paternal) antigens.

Bernett assumed that immunological sur-
veillance is directed against tumorigenic
cells under natural conditions. Therefore,
the incidence of cancer increases 100 to
300 times in children with a genetic (inborn)
deficiency of transplantation (cell) immu-
nity, or in cases when some substances exert
a toxigenic effect on immunity. It can be
assumed that the relatively high frequency
of malignant processes in children under
the age of 15 is most often conditioned by
certain defects in the immune system, in
particular, most likely by a decrease in
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antiviral immunity. The frequency of ma-
lignant diseases decreases after this age and
begins to increase only at the age of 30
when an accumulation of damage caused
not only by viruses but also by other factors
of carcinogenesis can be observed.

To perform its protective function, the
system of immunological surveillance must
familiarize itself first with the tumorigenic
cells that are “foreign” to the organism. In
its turn, .the degree of foreignness of the
transformed cells can be quite diverse.
For example, if the embryonal mechanism of
oncogene activity has been unblocked under
the influence of a chemical carcinogen and
true mutations have developed, a mutation-
al increment to the foreignness (“mutational
noise”) may be created. From this point
of view it is possible to explain why in an
experiment each tumour that has been in-
duced by one and the same chemical car-
cinogen is immunologically different, while
all viral tumours are homogeneous.

In the organism, a so-called natural sub-
system of immune protection also functions,
which does not need preliminary “training”
to begin an antitumorigenic attack.

The conclusion can be -drawn that no
matter what the factor is that induces ma-
lignant transformation of the cell, the prob-
ability of the onset of cancer is higher the
greater the number of cells dividing in the
tissue, the less the activity of cellular im-
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munity (transplantation immunity) and of
the macrophages (cells playing an important
role in the “natural” system of antitumori-
genic immunity), and the lower the activity
of the systems repairing damage in the
DNA structure.

As demonstrated above by the example
of inborn deficiency of immunity and DNA
repair each of these three conditions can
independently influence the development
of the tumorigenic process. At the same time,
this author advanced the suggestion that
conditions that contribute to the develop-
ment of cancer are also created by the hor-
monal-metabolic shifts characteristic of nor-
mal aging (Chapter 11). The idea of can-
crophilia (“love for cancer”) as a normal
disease was formulated on this basis. In-
deed, metabolic immunodepression, which
arises regularly in the process of normal
aging, is one of the components of cancro-
philia (Chapter 9). At the same time, re-
duced immunity is enough to increase the
probability of the onset of cancer.

The assessment of the role of hormonal-
metabolic shifts in increasing the number of
multiplying cells is yet far from complete.
According to some calculations, about 20%
of tumours in humans develop in so-called
endocrine-dependent organs. It is possible
in these cases to record the association be-
tween the age-related increase in cell multi-
plication and the development of cancer
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(examples concermng the reproductive or-
gans are given in Chapter 5). In addition,
elevation in the lipid concentration in the
blood (cholesterol and fats) contributes to
the multiplication of cells, which is well-
known in relation to the cells of the vascular
wall (see Chapter 9). It has also been shown
that “diabetic blood” with an increased
concentration of lipids stimulates the mul-
tiplication of cells in the mucous membrane
of the intestine. It should be noted that
the concentration of serous growth factors
in the blood (somatomedins and the growth
factor PDGF, which is released by throm-
bocytes) can increase in certain disturbances
in fat and carbohydrate metabolism.*
The influence of age-related metabolic
shifts on the intensity of cell division during
the impairment of cells (or tissues), which
is more in conformity with conditions lead-
ing to the development of cancer, has not
been studied at all. For example, cancer
of the lungs develops in approximately one

* It is often stated that the number of dividing
cells in old age decreases despite the presence of
metabolic shifts and, therefore, the “division
factor” should not be considered a component of
age cancrophilia. But if it is ‘considered that the
latent period of cancer development is quite long
(see above), then the metabolic shifts and the
intensity of cell division should be compared not
in old age, but betweem the ages of 35 and 45
when, apparently, the incidence of cancer is at
a maximum,
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out of ten smokers. But, the probability of
cancer increases sevenfold in smokers with
an increased concentration of cholesterol
as compared to those with a decreased
concentration in the blood.

Finally, it is possible that the metabolic
shifts can suppress the DNA repair system,
though this problem is still insufficiently
studied.

Nevertheless, without elucidating all the
theoretical aspects of cancrophilia, we can
suggest certain measures that prevent the
development of cancer. This author sug-
gested new approaches to the prophylaxis
of cancer on the basis of concepts about can-
crophilia. For example, the use of phenfor-
min (a preparation that decreases the inci-
dence of disturbances in fat and carbohy-
drate metabolism characteristic of aging, see
Chapter 16) led to a considerable decrease
in the incidence of cancer in animals in-
duced by either chemical carcinogens or
viruses.*

* As far back as 1967 the author of this book as-
sumed that preparations that improve the metabo-
lism of carbohydrates and correspondingly decrease
the content of cholesterol in the blood can be
used for the prophylaxis of cancer (Lancet, 1971,
1, p. 1211). Epidemiological studies have currently
- determined a direct correlation between the con-
tent of cholesterol in the diet and the incidence
of cancer, especially cancer of the large intestine,
prostate, uterus, and mammary gland. However,
the role of metabolic immunodepression has still
not been considered in this correlation (Chapter 9).
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The concept of cancrophilia explains in
many respects numerous data (experimental
and clinical) on the increase in the incidence
of cancer in overnutrition and on the oppo-
site effect, given rational limitation of the
caloric value of the diet, i.e., optimal
nutrition. It follows also that cancrophilia
occurs not only as a result of age-related
disturbances in metabolism but also due
to the influence of unfavourable external
effects, e.g., overnutrition, or an increased
content of cholesterol, fats, etc., in the diet.

Thus, it is obvious that measures directed
towards reducing the quantity of carcino-
gens entering the organism play an essential
role in the prophylaxis of cancer. This is
most important for the prophylaxis of can-
cer of specific organs, first and foremost,
cancer of the lungs and, probably, of the
stomach. But it must be taken into con-
sideration that in reality it is impossible
to eliminate all the ecological carcinogenic
influences, especially when bearing in mind
the carcinogenic effect of viruses, or ultra-
violet radiation. Attention also should be
given to the fact that the incidence of can-
cer is not greater than 30 % in all industri-
ally developed countries, i.e., in countries
with a sufficiently long lifespan. The living
conditions (and, correspondingly, the type
of carcinogenic hazard), influence the type
of cancer that develops rather than the
general rate of incidence. For example, as
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the incidence of cancer of the stomach de-
creases in some countries owing to changes
in the diet, the incidence of cancer of the
large intestine increases. Therefore, pro-
phylactic measures undertaken by the indi-
vidual, e.g., normalization of metabolism
(individual anticarcinogenesis), are neces-
sary whatever the specific features of the
external environment.

Certainly, cancrophilia, or the sum total
of metabolic conditions that contribute to
the onset of cancer, arises not only during
normal aging, or in cases of poor nutrition,
but also under the influence of many exter-
nal and internal factors. Let’s discuss some
of them.

There is no doubt today that chronic
stress contributes to the onset of cancer (or
aggravates it). At the same time, metabolic
shifts that are characteristic of stress (Chap-
ter 2) are related to cancrophilia. In addi-
tion, it has been shown that the major
stress hormone, cortisol, may induce acti-
vation of the viral oncogene, i.e., it can
exert an effect during the stage of cancer
initiation. Negative emotions, hyperadapto-
sis (Chapter 4), and mental depression act
in this respect as chronic stress.

Similarly, all the factors (or states) that
disturb the sensitivity of the hypothalamus
to regulatory signals or enhance the uti-
lization of fat as a fuel contribute to the
onset of cancer. Thus, excessive illumination
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(in addition to the fact that the ultra-violet
part of the spectrum induces mutations)
elevates the sensitivity threshold of the
hypothalamus to regulatory signals. Hence,
constant illumination in an experiment
intensifies the development of tumours.

Enhanced mobilization of fat, which is
induced by nicotine, or excess intake of
caffeine from tea, or coffee, also enhances
the development of cancer under experi-
mental conditions. Apparently, many car-
cinogenic chemicals contribute to the de-
velopment of tumours not only as a result
of genetic impairment, but also owing to
the effect of disturbances in metabolism.
This fact allows this author to introduce
the concept of carcinogenic aging.

Finally, the tumour itself causes distur-
bances in the organism that are similar to
those in common cancrophilia.

Conversely, everything that normalizes
the activity of the hypothalamus and re-
duces the utilization of fat as a fuel serves
the purposes of cancer prophylaxis. As
stated above, this is how a rational diet,
increased physical activity, and the anti-
diabetic preparation phenformin render
their favourable influence.

When studying diseases, researchers
strive to determine the cause of onset, or
etiology, and the mechanism of its develop-
ment, pathogenesis. Proceeding from the
fact that cancer can be induced by various
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factors (viruses, carcinogenic chemicals,
physical factors, and hormones), N. N. Pet-
rov, an outstanding Soviet oncologist, called
cancer a polyetiological (multi-causative)
disease. But if one takes into consideration
the fact that all these causes initiate the
same changes in the activity of the cell,
one can state that cancer is a polyetiological
and monopathogenetic disease. This means
that all the causes “actuate” the same
mechanism of malignant transformation of
the cell.

Monopathogenicity, i.e., the uniformity
of the final mechanism that transforms a
normal cell into a cancerous one, does not
mean that in all cases this transformation
is accomplished by the same method and the
same genes. On the contrary, in the process
of embryonal development, various onco-
genes, or, in the given context, various
genes controlling the development and dif-
ferentiation of tissues, are switched on and
off. Consequently, the unblocking of these
various genes and their combinations can
cause malignant transformation of the cells
by difierent methods. But, in the final end,
the properties of the cancerous cells are
similar, e.g., their capacity to produce an
increased amount of lactic acid. This re-
flects the monopathogenicity of malignant
transformation of the cell.

In addition to these factors, there also
exist conditions that might contribute to,
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or, on the contrary, prevent the onset of
cancer. These conditions can arise episodi-
cally, or exert a continuous influence. Thus,
cancrophilia, “love for cancer”, like love
in general, can be passing (if cancrophilia
arises under the influence of stress, or
overnutrition), or constant (when a normal
or accelerated aging process forms the basis
of cancrophilia). Probabilistic factors that
“accidentally” cause initiation of the ma-
lignant process in humans, as well as regular
factors of cancrophilia that increase with
age the probability of the development of a
malignant tumour from an initially single
transformed cell, are important in the afore-
mentioned case in the onset of cancer, and
especially in the age-related increase in
its incidence.

At the same time, R. Peto, a well-known
British oncologist-theoretician, when exam-
ining the reasons for the age-related in-
crease in the incidence of cancer, contrasts
two hypotheses that he considers mutually
exclusive. One of them is the hypothesis
concerning the key role of carcinogens, of
which he considers himself a proponent;
the second one is the hypothesis concerning
the role of the hormomal, metabolic and
immunological mechanisms, which accord-
ing to R. Peto and coauthors (1975) has
been mainly elaborated in its modern form
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by M. Burnet* and the author of these
biological essays.

In reality, neither an alternative nor the
requirement of choosing between these hy-
potheses exists: in the first case, an external
cause or causes initiating a malignant pro-
cess are dealt with; and in the second case
conditions contributing to the onset of
this process are addressed. The prior case
also deals with a random event (though with
a certain probability of realization in
time), while the latter concerns regular
phenomena that develop with age or under
the influence of other causes that disturb
the metabolism. Therefore, it is incorrect to
contrast the contribution of each of these
phenomena to carcinogenesis (R. Peto),
or to combine them, because the reasons
for the development of cancer and the con-
ditions for its development are different
phenomena. It is precisely the hormonal
and metabolic shifts that are characteristic
of cancrophilia and contribute greatly to
the increase in the incidence of cancer.

All this makes it possible to state that
one of the most realistic methods for delay-

* According to Burnet, an accumulation of muta
tions in immune cells and exhaustion of the immune
system, conditioned by the genetically programmed
limit in the number of cell divisions in the
thymus, form the basis for the mechanism of the
age-related decrease in the effectiveness of immu-
nological surveillance.
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ing the age-related increase in the incidence
of cancer, without even fully comprehending
its nature, is the normalization of the met-
abolic processes and, ideally, homeostasis
as a whole. However, great difficulties lie
along this path. Disturbances of homeostasis
regularly emerge in the course of aging even
(though at different rates) under the most
favourable conditions in the external en-
vironment, and damages at the level of the
cells and tissnes accumulate conditioned
by the effect of external and internal fac-
tors. This makes aging the most universal
disease not only because it is natural for
everyone, but also because the signs of all
normal diseases are inherent in aging.



Chapter 11

Aging: The Most Universal
Disease. The Role of Random
and Regular Processes

Nobody dies of old age: humans die in old
age of diseases. Old age itself is a disease,
or, to be more precise, the sum and combi-
nation of disturbances in the homeostasis
and random failures.

Though gerontologists are not unanimous
in assessing the main subject of their re-
search, the majority of them undoubtedly
do not consider aging to be a disease. Their
major argument is that aging is natural for
everyone. Is it possible, they argue, to
consider the entire human genus as a cate-
gory of “patients” beginning with a certain
age? From their point of view, it is con-
ditionally possible to consider premature
aging as a disease, because there they find
a disturbance in the normal process of
aging.

However, in light of what has been stated
in this book, aging is a disease, and a disease
not only in essence, but also according to
a specific definition of the concept “disease”.
Let us consider the following example. The
rate of utilization of glucose by the peri-
pheral tissues, mainly by muscular tissue,
regularly decreases in the course of aging.
This is easy to observe. Human subjects of
different age groups are given a certain

i15*
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amount of glucose dissolved in water; the
edible glucose is absorbed after some time
and its concentration in the blood increases.
The higher the age of the subject, the higher
the concentration of glucose in the blood.
In essence, if the results of the test are
interpreted in a strictly scientific manner,
this is a symptom of diabetes mellitus in
the precise sense of the term, because there
is retarded utilization of glucose as a fuel.

Certainly, the common age-related de-
crease in utilizing glucose is not diabetes
mellitus in the medical sense. But in
the exact sense it is a disease, because any
stable disturbance in the homeostasis can
be called a disease.* The longer duration
of the elevated blood sugar level (as com-
pared to the norm) after the intake of glu-
cose is in this case, as in diabetes mellitus,
a symptom of a disturbance in the homeo-
stasis.

But homeostatic disturbances character-
istic of aging are not only restricted to this
example. It is not only the rate of utilizing
glucose that decreases in the course of aging.
The release of insulin also increases in re-
sponse to the glucose, which lies at the basis
of the age-related increase in the organism’s

* According to a more complete definition, any
stable disturbance in the homeostasis can be
called a disease, because any pathophysiological
process that increases the probability of death
is a disease.
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fat content, i.e., age-related obesity (Chap-
ter 7). In turn, these shifts increase the con-
centration of triglycerides and cholesterol
in the blood (to be more precise, very low-
density and low-density lipoproteins, which
transport triglycerides and cholesterol in the
blood). Table 4 presents data characterizing
these age-related changes in healthy men.

With increasing age, the blood concen-
tration of gonadotropins (the hormonal
regulators of reproduction) increases, which,
in turn, is conditioned by hypothalamic
changes and, in particular, by a decrease
in the concentration of catecholamine neu-
romediators in the hypothalamus, e.g., do-
pamine and norepinephrine. On the whole,
regular shifts occur in the energy, adapta-
tional, and reproductive homeostats with
age; accordingly, three normal diseases,
viz., obesity, hyperadaptosis, and the cli-
macteric, set in with a varying degree of
pronouncement. Nevertheless, these are not
all the pathologic processes that are organ-
ically merged with aging. Another example
follows.

Often, in old age, a worsening in one’s
mood is noticed. This sometimes acquires
the features of mental depression. We are
used to thinking that a bad mood is a con-
sequence of tiredness and physical discom-
fort, or, in some cases, the result of troubles
that accumulated during one’s life. But
things are not so simple,
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Sometimes young, healthy people fall
ill with mental depression, frequently with-
out a serious external reason. It turns out
that the content of neuromediators, viz.,
serotonin and norepinephrine, is reduced
owing to metabolic disturbances in the
hypothalamus. And what is more, tempo-
rary apathy can also be a consequence of
mental depression, because an increased
amount of neuromediators is used in the
process of antistress protection by the hy-
pothalamus.

But the age-related decrease in the con-
centration of these mediators in the hypotha-
lamus is directly linked with the climacter-
ic. If it is taken into consideration that
the climacteric regularly develops as an
element of aging, then the age-related loss
of good spirits is a result of the develop-
mental program of the organism, i.e., one
more “planned” normal disease.

There is nothing unexpected in this be-
cause the climacteric and mental depres-
sion are two consequences of the law of
deviation from homeostasis, and in both
cases an elevation in the hypothalamic sen-
sitivity threshold occurs. The possibility
of diagnosing mental depression by the de-
* crease in hypothalamic sensitivity to the
inhibiting effect of the “adrenal stress hor-
mones” (e.g., dexamethasone) is based on
this phenomenon. Recall that a test with
dexamethasone is used to detect hyperadap-
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tosis (Chapter 4). There is nothing uncom-
mon in this either, because diseases that
are linked with age are characterized by
interconnection and mutual penetration of
symptoms.

The changes that cause the major diseases
of aging seem to be composed of two parts.
On the one hand, they are conditioned by
hypothalamic shifts, which is characteristic
of the climacteric, hyperadaptosis, mental
depression, and, partially, of hypertensive
disease, as well as age-related obesity. On
the other hand, they are induced by distur-
bances in the metabolism, as in the case of
obesity, type II diabetes mellitus, metabolic
immunodepression (partially, in auto-im-
mune diseases), atherosclerosis, and can-
crophilia. The very development of age-
related metabolic disturbances is due to
regular hypothalamic shifts (as is clearly
manifested in disturbances in appetite re-
gulation which results in obesity).

Thus, there are not just three diseases
that characterize changes in the three basic
homeostats and are the major reasons for
death in modern humans. In essence, a com-
plex of 10 diseases must be considered as
the major human diseases. Indeed, this
complex combines two methods for realizing
the law of deviation from homeostasis, i.e.,
the method inherent to the period of preg-
nancy forms the metabolic component of
diseases, and the method that enhances the
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capacity of the basic homeostatic systems
in postembryonal growth and development
creates the “hypothalamic” part of regular
diseases and aging, imparting aging per
se with all the properties of these diseases.

Indeed, it is sometimes possible to ob-
serve all the ten major diseases simulta-
neously in one subject. This complex is fre-
quently displayed in some types of cancer,
making it necessary to ask once and again
whether these ten diseases really exist sep-
arately, or they are ten symptoms of one
integral disease, i.e., aging.

When attemptlng to answer this questlon
it should be borne in mind that aging itself
is a disease, or, to be more precise, a sum
of homeostatic diseases. Hence, it is not a
disturbance in the constancy of the internal
environment, but precise realization of the
law of deviation from homeostasis’ that
determines the diseases of aging. If these
diseases do not originate in a certain period
of life, this points to deviation from the
norm.

Diseases that are linked with aging begin
to unfold immediately after the organism
has completed its development because
they constitute a continuation of develop-
- ment (Chapter 3). To be more precise, after
development has ceased (which can be in-
directly judged by the termination of linear
growth and ‘the preparation of the repro-
ductive system for reproducing one's self),
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the “motive forces” that determine the ful-
filment of the law of deviation of homeosta-
sis for the development of the organism
continue to act as they did during develop-
ment. Let’s consider a most typical example.
A certain amount of gonadotropins is pro-
duced between the ages of 20 to 25, which
causes the reproductive system of a female
to mature. The organism reaches its optimal
development at about this age. Let’s assign
a unit value of one to the quantity of these
regulatory hormones during this period.
Then, it follows that the content of gonado-
tropins in the urine by the age of 45 to 50
is five times higher. It is clear that there
is no physiological necessity for this in-
crease. The increase in gonadotropin pro-
duction is a result of the continued func-
tioning of the mechanism that earlier en-
sured sexual maturation. This mechanism
is the elevation in the hypothalamic sen-
sitivity threshold to the regulatory effect
of the female sex hormones (estrogens).
Correspondingly, an increase in the pro-
duction of gonadotropins after the age of
25 years is also a result of the elevation
in the hypothalamic sensitivity threshold
to female sex hormones (estrogens).
Recall that it is necessary to preserve
quantitative indices of the interaction be-
tween the elements to realize self-regulation
in any system. When the interaction be-
tween the elements in systems regulated by



Ch. 11. Aging 235

the feedback mechanism is disturbed, then
the activity of the system itself is disturbed.

The termination of the reproductive ca-
pacity, i.e., the climacteric, is a result
of this disturbance (Chapter 5). By the
mechanism of its origination, the climac-
teric is simultaneously a clear display of the
aging process (because it always appears
with inevitable regularity) and a disease
(because it is caused by a stable distur-
bance in the homeostasis). In other words,
the climacteric is a normal disease of normal
aging.

In considering this example, it is re-
vealed that there is no special program con-
ditioning the origination of aging. Begin-
ning with a certain age, the program of de-
velopment of the organism transforms into
a mechanism of aging and age-related dis-
eases. Aging and specific (i.e., normal)
diseases of aging are in this sense a by-
product of the realization of the develop-
mental program.

In light of all that stated above, it would
seem that the convincing argument of all
traditional gerontologists, viz., that every-
thing that occurs in everyone is the norm of
aging and, therefore, should not be called
- a disease, can be interpreted in quite an
opposite manner, viz., that what occurs
in everyone is dangerous for everyone. Those
who consider aging the norm are tacitly
ignoring the fact that aging progressively
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aggravates the risk of death from normal
diseases at the basis of which lies a distur-
bance in homeostasis. Thus, the majority
of people are basically healthy between the
ages of 25 and 55 and they feel well. But
the death rate from atherosclerosis of the
cardiac vessels in this age span increases
approximately 100-fold.

When speaking of earlier manifestations
of symptoms of aging, let’s note some spe-
cific features that relate to the higher
nervous activity. Currently, an essential
correction has been made concerning the
widespread view that there is a significant
increase in the death of nerve cells with age.
The accelerated death of nerve cells occurs
mainly in the parts of the brain where the
blood circulation is disturbed as a result of
atherosclerosis. In other words, these changes
in the brain develop secondary to the
pathologic disturbances. Therefore, a weak-
ening in mental faculties is not an obligatory
manifestation of aging. Many examples
taken from the history of science, fine arts,
philosophy, and politics reveal that the
preservation of high intellect in old age
does occur.

Some psychologists think that there is
no age-related decrease in the ability to
solve problems that characterize the state
of the intellect, but that the emotional
tension inherent to aging causes an increase
in the time spent for their solution,
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It is noteworthy that the considerable
prolongation in the average lifespan that
has been currently attained is reflected by
the state of the body, leading to modern
diseases of aging. At the same time there
is hardly any doubt that the human faculty
for reasoning was just as developed two
millenia ago as it is today. Heraclitus,
Hippocrates, Archimedes, Pythagoras,
Euclid, Socrates, Plutarch, Euripides, Ari-
stotle, and many other ancient thinkers
would adorn the modern epoch.

Certainly, the major human diseases are
not only linked to the mechanism of aging.
The same diseases can arise randomly even
in young people as a result of failures in
the complex systems of the organism. And
what is more, many external factors may
induce any of the ten major diseases. There-
fore, the picture of aging in any individual
person implies its own specific features that
depend on the internal factors of aging and
genetic properties of the individual as well
as on the influence of numerous external
factors, which each organism is inevitably
and frequently subjected to.

These problems shall be discussed in a
special part of the book that deals with
- various models of the emergence of diseases
(Chapter 12). Here, the aging model that
has been suggested by this author will be
compared with other hypotheses and the-
ories.
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First, let’s note the following: the mani-
festations of aging in higher animals, in-
cluding humans, are so diverse that the
idea that there is one particular or key rea-
son of age-related changes is usually intu-
itively rejected. Indeed, aging affects every
cell, tissue, organ, and system. Probably,
only one definition of this phenomenon that
is based on the correlation of aging and
death rate has become widespread in scien-
tific literature owing to the complex
character of the aging process.

In 1925, B. Gompertz, a British research-
er, found that after the age of 35 the
specific death rate increases exponentially
with age so that the likelihood of death
doubles about once every 8 years (Fig. 7).
Correspondingly, aging of the organism is
determined to be a natural process that
increases the probability of death in parallel
with an increase in chronological age.

Proceeding from this definition alone,
many biologists try to understand the rea-
sons for aging and death, which is hardly
correct. Gompertz’s mathematical corre-
lations reflect the changes occurring in a
totality of living organisms, i.e., in a pop-
ulation. They do not reflect the concrete
events that lie at the basis of the aging
mechanism per se and its manifestations.
Therefore, no information can be obtained
on the essence of aging itself by analyzing
statistical curves of mortality (or survival),
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Fig. 7. Age dynamics of mortality from major
diseases: x-axis, age (in years); y-axis, deaths per
100 000 subjects (by R. Kohn for 1955); 1—total
mortality; 2—all tumours; 3—cardio-vascular-
renal diseases; 4—atherosclerosis; 5—vascular dis-
eases of the brain; 6—diabetes mellitus.

However, the lack of a sufficiently elabo-
rated definition of the essence of aging did
-not present an obstacle to the advancement
of various hypotheses on the origin of this
phenomenon.
The concepts on aging were modified as
human knowledge about living nature im-
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proved and changed. The development of
the natural sciences rendered the greatest
influence on the formation of views con-
cerning these particularly biological and
human problems.

When the great achievements in physics,
in particular, in mechanics, uncovered be-
fore astonished humankind the amazing
order in nature, where everything seemed
to be predetermined, or determined, living
nature, including human beings, began to
seem similar to common, though complex,
machines. In this connection, aging was
considered as a natural result of disorder
due to wear or fatigue of the “parts” in the
complex machine of the human body, just
as most perfect metals break down and
wear out in modern constructions.
V. N. Nikitin states (1982) that the theory
of “wear” was suggested by E. Maupas in
1888. Nikitin's theory on the self-attenu-
ation of synthetic processes in the genome
and in the protein-synthesizing apparatus
of the cell can be related, in principle, to
the same group of phenomena, because it
does not establish the reasons for these age-
related changes.

Later, knowledge was gained on the ener-
gy of nature, which supplemented the pic-
ture of the world. It became clear why
“nothing lasts forever”: the laws of thermo-
dynamics with the inexorable consistency
of increasing entropy impose bans limiting
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in time the existence of any system. M. Rub-
ner (1908) suggested the “energy” theory of
aging, wherein it was determined that the
product of the expenditure of energy (index
of metabolism in kcal/g/day) and the maxi-
mal lifespan (in years) was a constant for
higher organisms. In accordance with this
rule, an explanation was offered for why
small animals with a correspondingly great-
er ratio of the surface area to the body mass
and therefore suffering greater heat losses
died faster.

Meanwhile, living systems of organisms
(like open systems) have the ability to tem-
porarily counteract the ban set by the
thermodynamic laws of nature .owing to
the metabolism and the supply of energy
from the external environment (E. Bauer,
Theoretical Biology, Budapest, 1982; E.
Schrodinger, What Is Life? From the Point
of View of a Physicist, 2nd ed., Leningrad,
1972; A. 1. Zotin, In: Biology of Aging,
Leningrad, 1982). But if these laws can
be counteracted at least within the speties
lifespan of one individual, then why is its
existence finite? Obviously, there are some
specific reasons that gradually disturb the
properties that distinguish living organisms
from all other natural phenomena.

When the laws of genetics were revealed,
and the structural fundamentals of the
genes of higher organisms, which consist of
complex molecules of deoxyribonucleic

186—0394
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acids (DNA), were elucidated, many scien-
tists began to think that damage to the
structure of DNA (so-called mutations) ac-
cumulates and then is gradually reproduced
in the process of cell division, or in the
activity of the cells. This leads to aging.
In this case the functioning of the organism
becomes disorganized, which corresponds
to physiologic aging. The mutational the-
ories include: the hypothesis of L. Szilard
(1959), which relates aging to irradiation
from sources in space; the immunological
theory (Burnet, 1971; Walford, 1969); in
part, the theory of the “catastrophic accu-
mulation of errors” in protein synthesis
(Orgel, 1963); and some other theories. An
organism either becomes deranged owing
to the accumulation of errors in its opera-
tion, or it becomes vulnerable to the effect
of numerous external factors, ranging from
bacteria and viruses to emotional stress.
Its death is then determined by the sum of
random causes that always exist during
interaction of the organism with its habitat.*

Mutations and the accumulation of errors
may really be significant in the formation
of many phenomena of aging. They also
play a great role in the evolution of living

* Similar considerations on the role of external
factors in the causes of death are discussed in
metabolic theories (B. Strehler, Time, Cells,
Aging, 1964; H. Selye, The Stress Theory of Aging,
1976).
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nature. Therefore, the theories of aging,
based on consideration of these processes,
are currently being seriously studied. In
particular, scientists are interested to find
out why organisms that have the ability
to repair DNA, whose structure has been
damaged, are less efficient in accomplishing
this with the passage of time than in the
prime of life.

“Mutational” theories of aging to a certain
extent coincide with modern views on the
physical nature of the world, where much
is subordinated to statistical regularities,
while the strict order of deterministic phe-
nomena that is characteristic of classical
mechanics seems to be too rough a model of
what exists in living nature.*

The “programmed” type of aging theories
represent a special group. The one best
known today is the theory based on the so-
called Hayflick limit, which establishes the
genetically determined number of possible
cell divisions for each species of organisms.
(There are serious objections to this theory.
First of all, doubts are expressed in regard
to adequacy of the conditions for cell di-
vision inside the organism and outside of it,

* * The concept of gene regulation introduced by
V. V. Frolkis (1970, 1975) relates to the proba-
bilistic theories because the primary changes that
she postulates are induced by disturbances in the
functioning of the regulatory genes, but the causes
of the failures are not specified.

16*
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where this limit is established. In partic-
ular, it cannot be excluded that the limited
number of cell divisions is due to a decline
in sensitivity to the growth factors, which,
in turn, can be conditioned by the gradual
accumulation of cholesterol in the plasma
membrane, as occurs in the organism.)

Some examples are erroneocusly attributed
to the category of programmed death (and
aging), in which the presence of such a
special goal is assumed. The Pacific salmon
is one such example though it would be
more correct to consider it an example char-
acterizing the link between development
(reproduction) and death, or an example of
pleiotropism in the activity of the genes.

A relatively large group of aging theories
is based on assessing the activity of the
organism as a whole, i.e., on the so-called
systems approach to the problem of aging.
One of the branches of this approach in the
modern epoch is cybernetics, the science
of control and communication in different
systems and, naturally, in living systems.
In particular, it is worth noting here that
concrete data on the neuro-endocrine sys-
tem, viz., on the system of control in com-
plex organisms, served frequently as the
basis for more general conclusions in the-
oretical cybernetics, which later gained
the features of an integral science that
considered, first of all, the principles of
control and interaction.
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However, simple extrapolation from the
general principles of cybernetics does not
lead to elucidation of the mechanisms of
aging. Cybernetics helps to understand how
the system works, but without concrete
data and concepts it cannot explain why
the regulatory system ceases to accomplish
its principal task during normal aging. The
“systems theories” of aging, which are con-
sidered in gerontology, give no answer to
this question either.

We have discussed briefly how the general
concepts about the physical nature of the
world varied the approaches to understand-
ing the process of aging. Not everything
gained earlier was rejected in the new spiral
of accumulating knowledge. However, it
would be wrong to assert, as do some re-
searchers, that there exist at least 100 differ-
ent theories of aging, or, to be more precise,
100 different concepts about this phenome-
non. The majority of theories that can be
found in the long historical list gradually
lost their significance. Currently, there are
essentially only a few principal approaches
to the problem of aging that can be seri-
ously considered, in particular, the prob-
abilistic and deterministic approaches. But
the very content of these general approaches
has changed greatly in recent years.

Let's begin with the changes related to
the class of probabilistic events that are
associated with the accumulation of damage
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in the cells and tissues of the organism
with increasing age. These damaging agents
are divided according to their origin into
agents from the external environment and
agents that originate owing to regular in-
ternal processes in the organism. In essence,
only the accumulation of damage associated
with external agents relates in the strict
sense to probabilistic events. Examples of
these effects are stress, various types of
radiant energy (including ultra-violet ra-
diation), chemicals (including carcinogens),
etc.

Despite the considerable contribution of
these factors to the general picture of aging,
they are not the primeipal reason for aging.
Without going into detail, it is easy to
imagine the arguments that relate the
external factors to the primary causes of
aging.

Indeed, let’s assume that the organism
finds itself under ideal external conditions,
which do not damage but actually protect
it from unfavourable influences. Will no
age disturbances in the activity of the
organism occur in this ideal situation (e.g.,
the switching off of the reproductive func-
tion at a certain age)? Though an external
factors can accelerate the approach of the
climacteric, the absence of stress is unable
to call it off. At the same time, the interest
in the role of external factors that can un-
doubtedly influence the rate of aging is also
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determined by the fact that the method of
action of the external damaging agents
closely coincides with the mechanism by
which damage is inflicted by internal fac-
tors.

However, an important correction must be
introduced here. The internal damaging
events relate to probabilistic ones only to
the extent that it is impossible to determine
exactly “when and where” they will occur
(e.g., in which cell or totality of cells, and
exactly when). But the appearance of cer-
tain internal damaging events is a regular
feature because it is inseparable from the
properties of the “material” that “living
matter” is made of and from the chemical
(biochemical) processes occurring in the
organism. ‘

As far as the “properties of the material”
are concerned, although there is continuous
renewal in living systems and “atoms do
not age”, the already organized aggregates
of atoms (i.e., molecules) can age on account
of accumulated damage. An example of
this kind is the joining together of large
collagen molecules under the influence of
by-products of metabolism, which, in par-
ticular, is one of the reasons for the for-
mation of wrinkles.

" Certainly, biochemical reactions have im-
proved in the course of evolution, closely
approaching “wasteless production”, to use
a modern industrial term, meaning the
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maximal utilization of the by-products of
metabolism. But for a number of reasons,
which are impossible to discuss here in
detail, biochemical processes cannot be
totally perfect: beginning with a certain
level of this perfect organization, a con-
siderable increase in the number of genes
would be required, whose function would
be reduced to the elimination of associated
reactions causing an unprofitable increase
in the “energy cost” of maintaining the
living system itself.

Therefore, alongside the creation of the
necessary protective mechanisms during
evolution, the principle of pleiotropic activ-
ity of the genes was “chosen”. According
to this principle, the genes and reactions
(processes) controlled by them that provided
advantages during the period of growth, de-
velopment and reproduction of the orga-
nism, despite the emergence of undesirable,
in particular, damaging, effects and conse-
quences at a later age as a result of utilizing
these processes, have been consolidated
in the genetic code. But during this period
the various types of damage did not tell
on the indices of reproduction (and, there-
fore, were not eliminated. by natural selec-
tion); they only induced a phenomenon
that is now called “aging”.

A vivid and significant example of this
is provided by the analysis of phenomena
associated with the evolutionary increase



Ch. 11. Aging 249

in the capacity to utilize oxygen in energy
processes. Let’s consider this phenomenon
in its most general form on the basis of the
works of Academician N. M. Emanuel and
such researchers as D. Harman and R. Cut-
ler.

Life originated in an oxygen-free envi-
ronment and the appearance of free oxygen
was conditioned by vital activity itself.
When the concentration of oxygen in the
atmosphere reached 1%, which according
to certain calculations occurred about 1.3
billion years ago, for the organisms that
had “learned” to use oxygen in energy reac-
tions found themselves in a toxic environ-
ment. But many living organisms managed
to survive in an oxygen-containing atmo-
sphere because they had already acquired
protective mechanisms that counteracted
adverse reactions arising during the uti-
lization of oxygen, viz., free radical reac-
tions.*

* Free radicals are atoms or molecules that have
an unpaired electron. The unpaired electron makes
them extremely reactive. Many mechanisms can
cause the appearance of free radicals in cells,
but more often and more intensively they make
their appearance as unstable intermediate products
of normal metabolism, e.g., in oxidation reactions,
in reactions associated with the formation of ATP
(adenosine triphosphate), which plays the role of
a link between processes supplying energy and
processes utilizing it. Free radicals often cause
peroxidation of unsaturated fatty acids found in
the structure of the cell membranes. This leads



250 The Grand Biological Clock

The formation of free radicals in the
organism during the pre-oxygen era was
mainly due to the energy of the Sun, and
the organisms that had more effective anti-
oxidant mechanisms survived in the evo-
lutionary process. These mechanisms were
used for protection against free radicals
that formed in reactions with oxygen.
A series of antioxidant systems emerged in
the course of evolution. Currently, about
20 systems and substances are known to
possess antioxidant activity, among which
a most essential role is played by a specific
enzyme, superoxide dismutase. (This en-
zyme effects the regrouping of two mole-
cules of superoxide with the formation of
molecular oxygen and hydrogen peroxide,
the latter is transformed into a molecule
of water by means of the catalase enzyme.)

Damaging side effects of any biochemical
processes are, according to the terminology

to a disturbance in the cell’s function, in particu-
lar, to injury to lysosomal membranes (containing
the “splitting enzymes”) and mitochondrial mem-
branes (where the oxidation of energy substrates
occurs). The accumulation of old-age pigment,
lipofuscin, is also associated with the peroxidation
of lipids and other compounds. Most importantly,
the free radicals can interact with DNA and
proteins, which can induce mutations and other
damages to the genome, e.g., depression of
“blocked” genes (see Chapter 10), or a disturbance
in cell differentiation (its dedifferentiation),
which is characteristic of aging.
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used by R. Cutler, a source of the metabolic
type of aging, and he designated the coun-
teracting protective mechanisms as anti-
aging mechanisms. (Apparently, to popu-
larize this phenomenon, V. V. Frolkis called
it “vitauct”, from “vita”, meaning life, and
“auctum”, meaning increase. In: The Biology
of Aging, Nauka, Leningrad, 1982, p. 6.)
According to Cutler, the maximal lifespan
for any species depends on the degree of
effectiveness of the antiaging processes,
given that all other conditions are equal.
Some interesting data on the activity of
superoxide dismutase in the tissues of 12 pri-
mates indicate that the longer the maximal
lifespan in the species, the greater the
activity of the enzyme. In other words, the
more efficient the protection against adverse
reactions that emerge during the utilization
of oxygen, the later the age-related changes
that cause death occur. Antiaging mecha-
nisms determine the species lifespan, given
that all other conditions are equal.
Attention should be given in this respect
to one very important circumstance. The
term the “species lifespan” generally means
the average length of life characteristic of
each species as is recorded in the genes.
_However, it was found that the maximal
lifespan characteristic of representatives
of a given species is correlated with the
rate of death of the animals in the natural
habitat when external factors are the cause
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of death. This type of correlation has been
studied most thoroughly for birds. The
conclusion is drawn that the internal mech-
anisms that determine the death of the
organism, e.g., the process of metabolic
aging and antiaging, evolve to the degree
that is determined by the real lifespan in
natural conditions. From this point of view
it now seems appropriate to replace the
term the “species lifespan” by the term the
“maximal lifespan”.

As stated above, no protective system
can ensure absolute protection. It is for
this reason that with an increase in chro-
nological aging there is an increase in the
quantity and pronouncement of damages,
among which damage to the genetic appa-
ratus, first and foremost, DNA, has great
significance. Though this phenomenon lies
at the basis of mutations, which is a nec-
essary condition for evolutionary vari-
ability, it should be restricted as much as
possible in the case of the sex cells as well
as the somatic ones, because the accumula-
tion of mutations in both the former and
latter can lead to death of the cells and to
changes in their vital activity, e.g., due
to the development of auto-immune lesions
(Chapter 9). Accordingly, to remedy defects
in genes, there are systems for repairing
DNA, which in the given context can be
considered to be antiaging systems.

As it has been noted by the American
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radiologists R. Hart and R. Setlow there
is actually a tenfold difference in the rate
of repairing DNA between short-lived and
long-lived species. Recently, a more than
twofold difference has been found between
two close species of rodents with different
maximal lifespans.

Thus, alongside the metabolic process
of aging, there exists and functions a process
(and mechanisms) of antiaging. One could
say that the organism “contains within
itself” both processes.

The concept of “antiaging” is very impor-
tant from one more point of view. As we
already know, the diverse symptoms of
aging represent a psychological obstacle
in seeking its key mechanisms. But if the
various symptoms of aging, e.g., joining
of collagen molecules and damage to DNA
(that can secondarily induce most diverse
changes), depend on the effective function-
ing of only two elements of the metabolic
antiaging mechanism (extinction of free
radicals and repair of DNA), then there are
grounds to study the aging mechanisms
not through the secondary (external) symp-
toms of aging, but by more general and,
correspondingly, more fundamental pro-
cesses. As a result, the search for the causes
of aging narrows.

But the metabolic causes of aging are
not restricted to metabolic phenomena.
Another category of phenomena relates to
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the. development of the individual organ-
ism, i.e., to ontogenesis.

Proceeding from purely speculative and
generalized concepts, it seems natural to
consider aging as the continuation of de-
velopment, i.e., as one of the stages of
ontogenesis. But, despite the obviousness
of this approach, it is highly wvulnerable
to criticism, because it follows that aging
(as a part of ontogenesis) is just as pro-
grammed as the development of the organism.
Meanwhile, if the pressure of natural se-
lection is taken into consideration, there
are no grounds to agree with the existence
of an aging program (see Introduction).
Therefore, the idea of combining the early
(useful) and the late (damaging) effects in
the activity of the genes—the idea of plei-
otropy, multiplicity, the activity of one
and the same genes—was applied to elu-
cidate not only metabolic aging, as was dis-
cussed above, but also aging associated with
the mechanism of development.

The main observations that are commonly
presented to illustrate the latter mechanism
relate to data indicating that restriction
of the caloric value of the diet causes de-
layed sexual maturation (i.e., delayed de-
velopment of the organism), which, in
turn, is combined with retarded aging and,
correspondingly, increased maximal life-
span. Such experiments, however, are also
vulnerable to criticism because restriction
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of the caloric value of the diet renders a
favourable effect if it commences after the
end of the development phase (after the
first year of life in experiments on mice).
In addition, when strictly considering the
phenomena, it seems impossible to discri-
minate the influence of reducing the caloric
value of the diet on aging via metabolic
mechanisms (see above). But data compar-
ing different species also indicate that the
shorter the period of development and sexual
maturation in a species, the shorter the
maximal lifespan, and vice versa. Thus, in
particular, the longest period of sexual ma-
turation and the maximal lifespan among
all mammals is observed in humans.
Hence, though the connection between
the rate of development and rate of aging
is still unclear (see below), two basi¢ mech-
anisms of aging are currently outlined:
the first is the metabolic mechanism, and
the second is asspciated with the develop-
mental mechanism of the organism.* In
other words, according to Cutler, aging is

* We stress once again the advantage of this
approach, which makes it possible to consider the
{ollowing phenomena as not individual or separate
(and correspondingly, theories of aging): the
.joining together of protein macromolecules or
DNA; somatic mutations, in particular, in the
cells of the immune system; the catastrophe of
error accumulation in protein (enzyme) synthesis;
the death of cells as a result of damage; free radi-
cal reactions, or DNA depuration, etc.
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a by-product of metabolism, development,
 and differentiation in the organism. Cutler
introduces an additional component into
this system, viz., antiaging processes. But
the “aging-antiaging” process is not limited
to only these components. One more com-
ponent is added to this scheme on the basis
of the following considerations.

The indices of metabolism, aging, and
functions significantly coincide in all the
mammals,- including humans. They are
still more uniform in higher monkeys. For
example, 99% of the proteins in the human
and the chimpanzee are identical. At the
same time, the maximal lifespan of the
chimpanzee is two times less than that of
the human. Both the secondary symptoms of
aging as well as the primary mechanisms of
this phenomenon associated with meta-
bolism and development coincide in higher
organisms. Comparing these data, Cutler
comes to the conclusion that there is a
fourth component in the general system of
aging, viz., a component of “longevity”.
His arguments, founded on numerous data,
including archaeological data, are based
on examples relating to the evolution of
the animal world, especially, primates,
and most importantly, humans.

A gradual increase in the maximal life-
span is observed during evolution, which
is traced over a period of 60 million years
of evolution of primates. The rate of change
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in this index is very high in the ancestors
of modern humans over a stretch of about
1.5 million years, and exceptionally high
(an increase of 14 years over a period of
100 000 years) about 400 000 years ago.
Then the process of prolonging the maximal
lifespan stops entirely. Calculations de-
monstrate that the number of useful (adap-
tive) mutations during 100 000 years of
rapid increase in this index could range
from about 160 to 250 (a human has about
40 000 genes). If this small percent of mu-
tations causes such a great increase in the
lifespan, then it is quite natural to con-
clude that these mutations occurred in the
system of regulatory genes. In other words,
the effectiveness and rate of the processes
changed, but not their structure owing to
the addition of new properties.

What the processes actually consisted
of remains unclear though some external
indications of these changes have been de-
termined. First of all, within a series of
related species of organisms, in particular,
the primates, the greater the size of the
body and the brain (and both these factors
exert an effect independently of one another)
the greater is the maximal lifespan. The
_latter made it possible to establish a simple
mathematical dependence between the stat-
ed parameters; a close correspondence is
observed between the data predicted by the
formula and the observed maximal lifespan.

170394
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Already in 1965, G. Sacher assumed that
the dependence of the index of longevity
on the mass of the brain could be understood
as an indication of some systems effect,
apparently, as an indication of improve-
ment in the homeostasis. This assumption
commonly meets with objections because
there is no evidence of less effective home-
ostatic regulation in, for example, a rat
as compared to a monkey or a human. (This
objection requires a broader assessment. For
example, though it is known that rats, as
a species, are distinguished by high adaptiv-
ity, which supposedly ensures their survival
in the most difficult conditions, severe distur-
bances originate in these animals in experi-
ments where they are subjected to such stres-
ses as a shrill sound or a “stationary pose”.)

Hence, four components, forming two
blocks, A and B, can be pointed out in
Cutler's theory of aging, which has been
most profoundly elaborated in regard to
mammals:

A 8

Aging associated 3

s 1
Metabolic aging with development

T , !

Mechanisms of longevity 4

Metabolic antiaging 2 (regulatory antiaging)

It’s obvious that component B-3 corre-
sponds in name to the ontogenetic model of
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aging that the author of this book has been
elaborating for a long time.* At the same
time, the coincidence is only seeming in
many aspects.

First of all, the ontogenetic model con-
siders the mechanism per se that determines
the transformation of the developmental
program into the aging mechanism (see
Chapters 4-6), while in modern gerontolog-
ical conceptions (not to mention still older
views) concrete mechanisms escape consider-
ation. Second, regularities follow directly
from the ontogenetic model of aging. They
determine the onset of certain diseases,
which form the group of major (noninfec-
tious) human diseases due to their association
with the mechanism of development and
aging. At the same time, the mechanisms

* This author believes that any suspicions of
borrowing must be dispelled. Though the term
“ontogenetic model”, of aging and of the associated
diseases appeared in print for the first time only
in 1983 owing to the suggestion of the editor of the
author’s book The Law of Deviation of Homeostasis
and Diseases of Aging (Boston, 1981), in which
a new model in medicine was discussed (naturally
making it necessary to give a name to this model,
see Chapter 12), the regulatory principle itself
of the transformation of the organism’s develop-
mental program into an aging mechanism was
described by the author in 19714 (Lancet, 1971, 1,
pp. 1211-1219), and in a Soviet publication for
the first time in 1958. Cutler first mentioned these
ideas in 1972, and only from 1976 to 1978 did
he use terminology pointing to the association
of aging with development.

17+
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considered in modern gerontological the-
ories do not directly demonstrate this
association for many diseases of this group,
e.g., age-related mental depression, or the
climacteric. Finally, the ontogenetic model
makes it possible to combine both compo-
nents in block B into one, forming a single
mechanism of regulatory aging and anti-
aging. Let’s first consider this problem as
applied to the formed type, i.e., to the
mechanism of ontogenesis, and then to
phylogenesis.

The lifespan of different individuals varies
considerably and, at- the same time, there
is a regular- logarithmic increase in the
mortality index with age (see- Fig. 6). In
light of the ontogenetic model, these vari-
ations are conditioned by different rates
of development, aging, and appearance of
age-related diseases, and, in turn, all these
phenomena depend greatly on the rate of
regulatory—mainly hypothalamic —changes.
To illustrate this, let's analyze several
examples (Table 5).

Let’s imagine the case where from early
childhood on a person receives a surplus
amount of calories in the diet, which results
in obesity (Table 5, item 3). As is known,
accelerated development may occur as a
consequence of this (Chapter 14). Early
switching-on of the reproductive function
is an indication of acceleration (similarly,
excessive feeding of animals accelerates
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Table 5. Mechanisms of Natural Selection, Rate
of Ontogenesis, Age-Related Diseases, Species
Lifespan
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their sexual maturation). Owing to the
fact that the mechanism of sexual matura-
tion is linked with an elevation in the hypo-
thalamic threshold (Chapter 5), the con-
clusion can be drawn that an increase in
the rate of hypothalamic shifts is observed
in this situation,
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At the same time, it follows from the
ontogenetic concept that certain phenomena
of aging (and age-related diseases) represent
a direct continuation of the developmental
mechanism. From this point of view it is
possible to explain why accelerated age-
related pathology and, consequently, a
shorter lifespan are observed when there
is a higher rate of hypothalamic changes
in early ontogenesis, i.e., during accelerated
sexual maturation. Thus, the indication of
longevity of an individual organism depends
on the state of the regulatory systems. It
follows also from Table 5 (item 4) that
opposite changes occur during restriction
of the caloric value of the diet in the pre-
reproductive period.

Let’s consider one more case (Table 5,
item 5). As is known from experiments on
rodents, excessive illumination in the pre-
reproductive period accelerates sexual ma-
turation, and it has been shown experi-
mentally that there really is an elevation
in the hypothalamic threshold under these
conditions, i.e., an increase in the rate of
hypothalamic changes. Correspondingly, the
incidence of age-related diseases, in partic-
ular, cancer, also increases at an earlier age.
At the same time, excessive illumination
during the period of sexual maturity acce-
lerates the age-related switching-off of the
reproductive function (it also accelerates
hypothalamic changes and elevates the
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hypothalamic sensitivity threshold to the
sex hormones). Hence, one and the same
effect (excessive light) may cause the early
switching-on and the early switching-off
of the reproductive function because the
rate of realizing one and the same hypo-
thalamic process increases in both cases.

It follows from these examples that the
relationship between the duration of the
prereproductive period to the total lifespan
is determined in the ontogenesis of each
individual by the same regulatory process,
and the rate of realizing hypothalamic
shifts (rate of realizing the law of deviation
from homeostasis, Chapter 3) is the main
element in this process.

Let’s now attempt to estimate whether
this criterion can be applied to ' explain
the constancy of the ratio between the dur-
ation of the prereproductive period (PP)
(or duration of growth period) to the maxi-
mal lifespan (ML) in various species, i.e.,
in phylogenesis.* The ML:PP ratio for
humans is about 5:1, i.e., 100 and 20 years,
respectively. Though the index is not ne-
cessarily 5 in other species, it characterizes
a regular correlation between the duration
of these two periods of ontogenesis, which
. demands assessment of the given phenome-
non in light of the requirements of natural

* Phylogenesis—evolutionary history (dependence)
of the development of a species.
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selection. This assessment is very important
because it makes it possible to discriminate
between the influence of metabolic and re-
gulatory aging.

When solving this problem, let’s consider
also the difference in the rate of hypothalam-
ic changes in the ontogenetic and phyloge-
netic aspects. To reveal the role of this
criterion in the ontogenetic aspect, it is
sufficient to observe the changes during the
lifespan of one individual, e.g., to deter-
mine the association between the rates of
development and aging in experiments on
rodents with a restricted diet. Conversely,
it is possible to reveal the role of this cri-
terion in the phylogenetic aspect only when
assessing it over the course of generations,
which requires the application of natural
selection criteria. Let’s now analyze two
cases, applying to each one the concepts of
metabolic and ontogenetic mechanisms of
aging.

In the first case there is an increase in
the death rate of the animals owing to
external causes and, consequently, a de-
crease in the actual lifespan of the speci-
mens as a whole population (Table 5,
item 1). Since natural selection is always
directed toward survival of the species,
specimens with a decreased prereproductive
period, i.e., with a higher rate of sexual
maturation, have an advantage because
they have an increased probability of leav-
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ing a greater number of offspring despite
a decrease in the actual lifespan. At the
same time, a decrease in the maximal life-
span is observed if the duration of the life-
span is conditioned by metabolic aging,
because metabolic antiaging stops being a
selective factor (a factor by which selection
occurs), since it presents no advantages,
given a decrease in the actual lifespan due
to external causes. In the final end, the
value of the ML:PP ratio is preserved.
Hence, in the given case, the idea of meta-
bolic aging corresponds to the real state
of affairs in phylogenesis.

The ontogenetic mechanism of aging cor-
responds to this criterion. As shown here,
natural selection acts in the direction of
“picking out” specimens with a higher rate
of increase in the threshold (because early
switching-on of the reproductive function
increases the probability of leaving progeny
when the lifespan is shortened), and given
a higher rate of increase in the threshold,
a decrease in the value of the maximal life-
span (due to the more rapid development of
“normal diseases”) occurs, and as a result
the value of the ML:PP ratio is preserved.

However, analysis of the second case
(when the conditions favour the life of the
species, and as a result, the actual lifespan
increases) on the basis of the ontogenetic
model reveals preservation of the value of
the ML:PP ratio, while the principles on
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which metabolic aging is based do not cor-
respond to the given requirement (Table 5,
item 2). Indeed, given favourable living
conditions, which ensure a later occurrence
of death from external causes (i.e., in situ-
ations with an increase in the actual life-
span), metabolic antiaging turns into a
selective criterion: the later aging occurs,
the greater the potential of leaving numer-
ous offspring. But in this case the mechanism
affecting metabolic processes should not
lead to prolonging the duration of the pre-
reproductive period, because under more
favourable living conditions, earlier sexual
maturation is more advantageous because
it ensures additional potential to increase
the number of offspring.* As a result, the
ML:PP ratio should be shifted in the di-
rection of its increase. But, the fact that
this ratio is stable for each species indicates
that in the second situation it is impossible
to base the origin of this stability on the
phenomenon of metabolic aging and anti-
aging. ,

On the other hand, the mechanisms of
ontogenetic aging correspond to the latter
criterion as explained by the following.
Specimens with a slower rate of increase

* More complex mechanisms, assuming that meta-
bolic aging (and, correspondingly, antiaging)
influences the rate of realizing regulatory (onto-
genetic) aging, are not considered here (see below).
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in the hypothalamic threshold, which en-
sures a longer lifespan and the potential of
leaving more ofispring, gain advantage
under favourable conditions, i.e., in case
of a longer actual lifespan. Consequently,
this criterion becomes a selective one. But
it is automatically combined with a de-
crease in the rate of increase in the hypo-
thalamic threshold of the prereproductive
period because both of the latter parameters
represent, on the whole, one and the same
phenomenon. Therefore, though retarded
sexual maturation is a negative indication,
if it reduces the reproductive potential
(nonselective potential), it inevitably fol-
lows from the considered regulatory mech-
anism of aging. As a result, the wvalue
of the ML:PP ratio remains the same, or is
reduced. At the same time, in this situation
an increase in the actual lifespan ensures
an increase in the number of offspring de-
spite retarded sexual maturation.

Data point out that a prolongation of ML
has been observed in the evolution of pri-
mates for at least the last 60 million years.
As stated above, this index in humans
increased most substantially over the last
100 000 years (R. Cutler, 1980). In light
-of this the following conclusion seems very
interesting: a value of 5 for the ML:PP
ratio is minimal for mammalian species.
These data demonstrate that the increase
in ML combines with a decrease in the rate
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of development.* This phenomenon, called
“neoteny”, which means prolonged child-
hood, corresponds to selection by the reg-
ulatory (ontogenetic), but not the meta-
bolic, type of aging when it combines with
an increase in ML.

Now, let us attempt to assess the theories
of aging on the basis of what has been stated
above. If we refer again to the graphical
representation of the most modern geronto-
logical theory (or, at least, to the latest
one, which considers the previous experience
of other theories), it is possible to draw
the following conclusions.

First of all, when comparing the sig-
nificance of block A (metabolic aging) and
block B (regulatory aging), it follows that,
despite the existence of both types of pro-
cesses, regulatory aging is controlled by
natural selection in a greater number of situ-
ations, and, correspondingly is of greater
evolutionary significance (because the evo-
lution of primates followed the direction
leading to an increase in the maximal life-
span). Hence, block B is of key significance
in this diagram.

Secondly, when putting together block B,
a separate subsystem--B-4, i.e., mecha-
nisms of longevity (or regulatory antiaging),

* For example, it is noted that the human has
more features of “childishness” at all stages of
development than the chimpanzee, a related spe-
cies, whose ML is one-half of that of the human,
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must be introduced. According to the onto-
genetic model, the regulatory mechanisms
of aging and antiaging are realized in the
same way in ontogenesis and phylogenesis,
viz., on account of the deceleration or
acceleration of one and the same process
(common for the periods of development
and aging), by means of which the law of
deviation of homeostasis is realized. The
main element in this process is the change
in the hypothalamic sensitivity to the reg-
ulating homeostatic signals in the systems
of the reproductive, energy, and adaptation-
al homeostats.

In the epigraph to his work of 1976, where
he presents his generalized theory for the
first time in detail, Cutler quotes the follow-
ing statement made by Albert Einstein,
“A theory is the more impressive, the more
simple its premises, the more different the
type of objects it is related to, and the
wider the range of its application”.

If the criterion of maximal generality
with maximal simplicity is observed, then,
considering the ontogenetic mechanism, the
diagram of the aging theory should be as
follows:

A ) 8
ic a0i Aging associated
Metabolic aging 1 with development 3

I
——

Metabolic antiaging 2 Regulatory antiaging 4

Ontogenetic mechanism
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Third, it can be noted that there is a
relationship between blocks 4 and B in
the ontogenetic mechanism, unlike the
four-component diagram wherein the meta-
bolic and regulatory blocks co-exist inde-
pendently. Let’s refer once more to Table 5,
(item 6) to consider the principle of this
relationship.

It is known that a single injection of
estrogens (female sex hormones) accelerates
the sexual maturation of a sexually imma-
ture animal during a certain period of its
life. Among many variants, the following
interpretation on the origin of the effect
is quite acceptable. Estrogens intensify
the synthesis of neuromediators, primarily,
dopamine, in the hypothalamus. It is now
known that free radical reactions commence
in the process of dopamine synthesis and
turnover (i.e., in the metabolic turnover
of catecholamines). It has been suggested
that in this case the cells of the hypothalam-
ic sex centre are damaged (or activated)
and this is manifested by an elevation in
the sensitivity threshold of the centre and
accelerated sexual maturation.*

* Evidence of the reality of this phenomenon,
when realization of the function induces deviation
of homeostasis, is provided by data demonstrating
that the application of estrogens to girls with an
inborn lacE of ovaries induces an elevation in the
hypothalamic sensitivity threshold to estrogens.
This phenomenon also fits the “cascade mechanism
of aging” suggested by C. Finch (1976), an Ameri-
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When sexual maturation accelerates under
the influence of surplus nutrition, a similar
mechanism can participate in this complex
effect, since the greater the generation of
energy and the more intense the functioning
of the metabolism, the greater the “output”
of free radicals. M. Rubner’s constant (see
above) can be interpreted from this point
of view, viz., the caloric consumption is
associated with the lifespan because the
energy processes influence the metabolic
and the regulatory components of aging.

Thus, it is possible to outline the existence
of an association between the probabilistic
and deterministic mechanisms of develop-
ment and, correspondingly, aging within the
limits of the ontogenetic model. This is
a necessary step forward on the path toward
integration in biomedicine.

In addition, adaptation to external un-
favourable factors, which influences the
index of mortality in the population, is
realized on account of changes in the hypo-
thalamic sensitivity threshold to the regu-
lating signals, which significantly deter-
mines the diverse vulnerability to stress
and diseases in young and old animals.
Let’s examine a well-known case from the
works of J. Christian (1976).

can neurophysiologist. He and co-workers later
pointed out (1983) that the removal of estrogens
from experimental animals slowed down the devel-
opment of age-related hypothalamic shifts.
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When the density of a population reaches
a certain value, e.g., due to increased birth-
rate, the secretion of the main stress hor-
mones, corticotropin and corticosterone,
increases in the animals. On the one hand,
these hormones reduce the immunity, there-
by increasing mortality as a result of
infections and parasitogenic diseases; on
the other hand, the reproductive function
is retarded by the effect of the adrenocor-
ticotropic hormone (ACTH) on the hypo-
thalamic sex centre. The degree and dura-
tion of the elevation in the level of the stress
hormones as well as the degree of sensitiv-
ity of the sex centre to suppression are con-
ditioned by the age of the animals subjected
to population stress. The state of stress
persists longer in old animals owing to
resistance to suppression, which lies at the
basis of hyperadaptosis (Chapter 4), while
in young animals it is shorter owing to the
greater sensitivity to suppression, although
the capacity for reproduction is suppressed
more significantly. As a result, more old
animals die, while young ones reproduce
less. The optimal size of the population is
recovered, and the potential for reproduc-
tion is preserved in the young animals,
given the emergence of favourable con-
ditions. It is obvious that the metabolic
processes of aging and antiaging do not
provide such possibilities for adaptation.

Hence, proceeding from the concept of
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the ontogenetic mechanism of development
and aging, the following conclusion is
quite natural. The single measure that can
determine both the rate of regulatory aging
of an individual and the differences in the
maximal lifespan of individual species with
similar physiological characteristics (e.g.,
in mammalian species) is the rate of realiz-
ing the law of deviation of homeostasis,
or, which is almost the same, the rate of
hypothalamic changes.

From this point of view, a decisive exper-
iment can be suggested to assess the plausi-
bility of the phylogenetic aspect of the
ontogenetic model. If the model is correct,
the experiment should demonstrate an in-
verse relationship between the maximal
lifespan of the species and the rate of changes
in the hypothalamic threshold. In other
words, the greater this rate, the less is
the maximal lifespan in a group of related
species.

As far as applying the ontogenetic model
to the problem of aging, there should be
nothing unusual about this. Proceeding
from general considerations, some scientists
imagine aging as a part of ontogenesis,
and the novelty of the ontogenetic model

-is stipulated in this relation by describing
the hypothalamic mechanism of interde-
pendence between development and aging.
But the fact that the by-product of the
developmental program is not only aging

18—-0394
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but also certain diseases, viz., the major
diseases of human beings (and of higher
animals), is not perceived within the frame-
work of traditional gerontology.

To understand the existence of such con-
trary opinions on the association between
aging and a certain group of diseases, a
more general question must be answered:
what is the cause of diseases in general?
This will be discussed in the next chapter.



Chapter 12

Four Models
of Disease Development

The following riddle must be solved: if all
the known diseases are induced by casual
circumstances that may or may not happen,
why do strictly specific diseases develop in
an individual in the course of aging, i.e.,
why is it that alongside the casual there are
also regular causes of some normal diseases?
We can’t prevent the approaching crisis in
modern medicine without the answer to this
question.

The establishment of groups and classifica-
tions is an eternal striving for any science,
and medicine is not an exception. Various
principles of classifying diseases have been
applied at different stages of development of
medicine: 1) by its location; 2) by the ma-
nifestation of a pathologic process; 3) by
a causative factor; and 4) by the mechanism
of development. Examples relating to the
first principle include atherosclerosis (dis-
ease of the arteries), diabetes mellitus
(disease of the pancreas), pneumonia (dis-
ease of the lungs), etc. The “local” prin-
ciple of classification does little to elucidate
the essence of diseases but it has contributed
to the development of modern specializa-
tions in medicine with its positive and ne-
gative features. Thus, specialists appeared
gradually, viz., cardiologists (heart and
vessels), pulmonologists (lungs), gastro-

18+
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enterologists (digestive tract), hepatologists
(liver), nephrologists (kidneys), urologists,
endocrinologists (glands of internal secre-
tion), etc.

Classification according to the manifes-
tations of the disease led to the differenti-
ation of three major types of diseases, viz.,
inflammatory, degenerative, and tumorous.
For example, for the liver, the following
diseases correspond to this classification:
hepatitis, cirrhosis, and cancer. There is
a certain logic in this division, especially
if it was possible to consider the mechanism
of development of the disease, i.e., patho-
genesis. For example, in various inflam-
matory processes, e.g., hepatitis, rheumatic
carditis, and iridocyclitis (inflammation
involving the iris and the ciliary body), are
often treated with the same medical means—
anti-inflammatory hormones.

But the first as well as the second prin-
ciples of classification did not reveal the
causative factor of the diseases, which seri-
ously limited the elaboration of medical
and especially preventive measures.

Therefore, the third approach to the
classification of diseases, viz., the one based
on causation, is of independent significance
and a necessary supplement to the other two
approaches. 1f the other approaches answer
the question of “where” and “how” a disease
manifests itself and emerges, this approach
attempts to find out “why” it emerges and,
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consequently, how the development of the
process can be prevented. It corresponds to
the etiological approach (etio meaning cause)
in the classification of diseases.

As stated in the Introduction, over the
course of development of the natural sciences
and, correspondingly, the biomedical sci-
ences, ever new causes of diseases have been
revealed. But though at first sight this
may seem to be a strange result of long and
profound efforts, the data currently avail-
able can be combined into only two sub-
groups of phenomena, viz., external,i.e.,
ecological causes of diseases* and internal
(genetic) causes of diseases.

Indeed, all the diseases known to medicine
can arise due to the influence of factors
that are external to the organism, viz.,
physical trauma, bacteria, viruses, protozoa,
fungi, ionizing radiation, toxic substances
of biological or artificial origin, mental and
physical overstrain caused by stress, mal-
nutrition, overeating, or incorrect nutri-
tion, etc. There is nothing superficial or
unusual in this classification because a
living organism does not exist by itself
but in interrelationship with the environ-
ment to which all the other living creatures
.and the entire “physical” world as a whole

* Ecology is the science concerned with the inter-
relationship between organism and the environ-
ment.
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relate. Thus, in modern medicine the main
model for the development of diseases is
the ecological model*.

But beyond all question there is a second
model for the emergence of diseases, viz.,
a model in which various inborn (genetic)
defects are the cause.

The common character of the genetic code
convincingly illustrates that the living
world is truly a single entity and that, cor-
respondingly, there is an interaction be-
tween its components. In the chain of this
interaction, natural selection and diseases
(as one of the tools of natural selection)char-
acterize in concrete form the influence
of the external environment on the de-
velopment of living organisms (see Chap-
ter 11).

The human is considered to have from
40 000 to 80 000 structural genes. Damage
inflicted on the structure of the sex cell
genes causes disturbances in the activity
of the organism if these disturbances are
compatible with the preservation of life.
More than 2600 genetic diseases are known
1o be associated with damage to the genetic
structure, and about 80 diseases are condi-

* The American pathologist F. Ludwig (1980)
considers that the ecological model is not the
main model but the only model of modern medi-
cine, which gives the following answer to the
question, Why do diseases spring up?: because
organisms are damaged by external factors.
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tioned by disturbances in the chromosomes.
For example, there are genetic defects
in the complex mechanism of synthesis,
transport, and utilization of lipoproteins,
which are the carriers of triglycerides and
cholesterol that cause premature develop-
ment of atherosclerosis (see Chapter 9).
In particular, so-called familial hyper-
cholesterolemia is one such case in which
the genetic defect is associated with the
absence (or decrease in the number) of
receptors of low-density lipoproteins on
the cell membrane. Atherosclerosis and
other diseases can also emerge prematurely
when there are genetic defects in the struc-
ture of the carrier-proteins of cholesterol
and triglycerides (apoproteins) or when
genetic disturbances cause a deficiency in
lipoprotein lipase, an enzyme responsible
for the catalysis of lipoproteins and removal
of fatty complexes from the blood. In other
words, inborn defects are possible in any
physiological system and may cause the
emergence of diseases in the absence of
unfavourable ecological influences and long
before the age at which diseases with similar
symptoms are found in people not suffering
from the corresponding genetic defects.

. Thus, a genetic model of disease develop-
ment exists alongside the ecological model.
Certainly, each individual genetic break-
down occurs quite rarely, but the sum total
of all such defects is a significant number,



280 The Grand Biological Clock

For example, approximately 10% of pre-
mature atherosclerosis in any large group
of people is conditioned by various types
of inborn disturbances in metabolism.
Therefore, if the models of disease develop-
ment are not differentiated, confusion is
inevitable when assessing the role of age in
the development of atherosclerosis. And
conversely, the idea of ecological and gene-
tic models assists in seeking the concrete
cause in each case of premature develop-
ment of the disease.

Table 6 shows that for all the major
(noninfectious) human diseases there are
diseases related to them by their clinical
symptoms, and the ecological and genetic
factors are of key significance in their de-
velopment. But the specific feature of all
the major diseases, or, to be more precise,
the feature responsible for their being domi-
nant is the fact that it is not accidental but
obligatory processes that form the major
diseases irrespective of the genetic -and
ecological influences.

Concrete data on the regulatory shifts
that cause the development of the major
human diseases have been given in the
respective chapters. In general, it is pos-
sible to state that the major diseases in
this system of views are a by-product of
the mechanism of development of the
organism (ontogenesis). In compliance with
the latter, it is necessary to distinguish
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the third model of development of diseases,
the ontogenetic model (Table 6).

Of course, some of the major diseases,
e.g2., atherosclerosis, develop very slowly
under favourable ecological factors. Con-
versely, the rate of emergence and the
pronouncement of atherosclerosis (and other
similar diseases) increase so greatly under
unfavourable environmental conditions that
many major diseases are today considered
to be the diseases of civilization. But
though this notion is widespread, it is
incorrect because it restricts the mechanisms
of disease development to only external
factors, which, in reality, just accelerate
or decelerate the emergence of the major
diseases by influencing the physiological
basis of the disease. In addition, the classi-
fication of major diseases based only on
the ecological principle does not cover such
states as the climacteric and aging, while
the major diseases are characterized most
of all by the fact that they represent a
group of interrelated diseases. The latter
property is most important for understand-
ing the origin of the major diseases as
a whole and for distinguishing them as a
separate category of the ontogenetic model
of their formation.

Actually, there is an individual cause
for each disease in the ecological and genetic
models, e.g., for atherosclerosis it is over-
eating and a disturbance in the production
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of lipoproteins in the liver. Corresponding-
ly, different measures for the prevention
and, frequently, the treatment of diseases
are necessary in accordance with the various
causes of their origin.

Conversely, in the ontogenetic model,
all the diseases are interrelated. For exam-
ple, there is profound “intertwining” in
the mechanisms of the climacteric, hyper-
adaptosis, and mental depression, which
is conditioned by the role of the decreasing
concentration in hypothalamic neuromedi-
ators in the development of these diseases.
Likewise, the role of surplus insulin is
retraced in the mechanisms of age-related
obesity, prediabetes and type II diabetes
mellitus, metabolic immunodepression,
atherosclerosis, and even cancrophilia. This
mutual interpenetration of the major dis-
eases significantly erases the boundaries
between them, while all the earlier classi-
fications of diseases are based on an opposite
principle, viz., delimitation of each disease
from all the others.*

And what is more, it has been necessary
to isolate three new diseases (i.e., earlier
unnoticed ones), viz., hyperadaptosis, met-
abolic immunodepression, and cancrophi-

* The concept of the “intertwining” of many
diseases with one another and, as a result, the
errors in modern classifications of a series of chron-
ic diseases is developed by L. Stoddard (1980)
based on other considerations,
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lia, in the process of establishing links be-
tween the major diseases of humans in con-
formity with their ontogenetic model of
origin, while the climacteric and aging were
ascribed to the category of “normal dis-
eases”. (Arguments and data concerning all
that stated above are given in the re-
spective chapters of this book.) Without
new diseases it would be impossible to re-
trace the relations between the major dis-
eases with the completeness ensured by the
ontogenetic model. Apropos, the diverse
pathogenic role of overeating (or obesity)
is just the consequence of the real relation-
ships between the major diseases that are
revealed in the ontogenetic model of their
development.

The ontogenetic model establishes con-
nections not only between the major diseases
but also between the latter and certain
mechanisms of aging. Within these mecha-
nisms, one and the same elements are re-
vealed that lie at the base of each of the
ten major diseases. This indicates the
absence of definite boundaries between aging
and the major diseases, or, speaking in a
more general form, between what is normal
and what is pathologic. Therefore, aging
- is not simply a factor contributing to the
development of certain diseases, e.g., the
development of atherosclerosis, as is ex-
plained in traditional gerontology (see
Chapter 11); rather, it bears elements that
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are necessary for the development of athero-
sclerosis. A similar conclusion can also be
drawn in regard to the other major diseases.

Thus, in summary, it is possible to say
that the major diseases exist because their
presence is determined by the mechanisms
of development of the organism, and is, in
essence, a by-product of the activity of
this mechanism. Let’s stress once more that
it is not the disturbance of the law of con-
stancy of the internal environment of the
organism but precise realization of the law
of deviation of homeostasis that determines
the appearance of age-related diseases. If
the diseases do not emerge at a certain
period of life, this points to a deviation
from the norm. In this sense, all the major
diseases are “normal diseases”.

In many aspects natural death is regu-
latory death: in many, but not all aspects.
At the same time, there are factors that
induce various types of damage to the
cells, tissues, and regulatory systems them-
selves. The role of these factors in the de-
velopment of diseases has been previously
discussed (Chapter 11) in the examples re-
lating cancrophilia and cancer, and the
mechanism of aging. Certainly, the effects
of the external and internal impairing fac-
tors partially coincide, owing to which,
it would seem, there is no need to distinguish
them in different models of disease develop-
ment. Thus, for example, a carcinogenic
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chemical that penetrates the organism from
the outside and free radicals that originate
as a result of normal metabolism may
cause, in principle, impairment of the ge-
netic apparatus of the cell with similar
consequences that lead to the development
of a malignant tumour. But the notion of
a model of disease development includes
not only a classification of the causes, but
also a classification of the measures of pre-
vention, which in these cases are principally
different.

According to the ecological model, the
external damaging factors must be elimi-
nated. This method of prophylaxis is, how-
ever, of limited significance in decreasing
the influence of the internal impairing
agents. It is possible to strive for a rational
diet, to eliminate its excesses (this reduces
the rate of metabolic formation of internal
damaging factors), yet a certain level of
accompanying side reactions is inevitable.
Other sources of internal damage are also
inevitable. For example, impairment of
the internal layer of the blood vessels (en-
dothelium) is periodically caused by vor-
tices in the bloodstream, which contributes
to the development of atherosclerosis.

* Naturally, the amount of damage due to
internal factors increases, and unfavourable
consequences accumulate in the course of
time, i.e., in the process of aging. Therefore,
even if one were to imagine an unrealistic
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situation in which all the unfavourable
external factors are eliminated, defects
would continue to accumulate in the organ-
ism in various tissue, cellular, and sub-
cellular systems, and consequently diseases
would develop. It is now believed without
a doubt that the internal damaging factors
can and do play an independent role as
causative agents in the mechanism of de-
velopment of cancer, atherosclerosis, and
aging itself.* ‘

Let's assume that we have learned to
eliminate these diseases and. their conse-
quences but are unable to completely elim-
inate the accumulation of-damage in
each structure of the cell and in each cell.
This damage and its consequences then in-
evitably accumulate during aging. One of
them, viz., the accumulation of age-related
pigment, lipofuscin, has been mentioned
in the chapter on the mechanisms of aging.
Theoretically, the accumulating lipofus-
cin should have a most deleterious effect
in nondividing cells, e.g., muscle and nerve
cells. The functioning of these cells should
worsen with the accumulation of lipofuscin.

* And what is more, the damaging effect can
proceed from the physiological (biochemical) pro-
cesses per se (Chapter 11). Thus, for example,
female sex hormones (estrogens) can damage the
cells of some hypothalamic nuclei, which, in turn,
can induce a certain type of benign tumour of
the pituitary gland with age.
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For example, it has been found that up to
50% of the cell volume in old drosophilas
may be occupied by lipofuscin, and it is
possible to imagine the situation that arises
when a cell simply stops functioning and
existing owing to the ballast contained
inside.

Certainly there are other variants of ac-
cumulating damaging effects or substances,
e.g., an accumulation of cholesterol in cell
membranes (Chapter 9) and, corresponding-
ly, new symptoms of pathologic processes,
i.e., the emergence of new diseases. The
features of such “future diseases” can be
partially foretold, but they can hardly be
accurately described because the character
of their manifestation will preserve the prob-
abilistic principle of accumulating damage.

But, in essence, the mechanisms of the
fourth—involutional—model of development
of diseases are just as real as the existence
of organisms with their metabolic and other
physiological processes that gradually create
an accumulation of damage in the organism.
Therefore, involutional pathologic factors
function alongside the pathogenic factors
described in other models of development
of diseases. The following example is quite
illustrative in this respect. Atherosclerosis
usually originates in young people against
the background of a high level of cholesterol
in the blood, which is conditioned either
by genetic defects, or an irregular way of

19—-0394
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life. Here we are dealing with the genetic
or ecological models of development of
atherosclerosis.

The case is different however, when the
clinical symptoms of atherosclerosis, e.g.,
myocardial infarction, appear between the
ages of 60 and 65 or later. There may be no
difference between the cholesterol content
in the blood of the patient and in a healthy
man of the same age. Sufficiently pronounced
changes have already accumulated in
the vascular wall, which contribute to the
development of atherosclerosis irrespective
of the cholesterol content in the blood.
Therefore, the existence of the fourth ac-
cumulational, or involutional, model of
disease development can be substantiated
today though medicine is yet unable to
assess in each concrete case the relative
contribution of the mechanisms of this
model in the development of diseases. But
later, with increasing liberation from the
mechanisms of age-related diseases, that
emerge by the ecological, genetic, and onto-
genetic models, the pathologic influence of
the involutional model of the formation of
diseases increases. A new stratum of prob-
lems, tasks, and solutions directed towards
overcoming the “future diseases” per se will
obviously spring up in the forthcoming
period of overcoming the major diseases
and prolonging the maximal lifespan of
humans.
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Thus, we have four different approaches
to understanding the origin, prophylaxis,
and treatment of the major human diseases.
For example, the development of athero-
sclerosis due to overeating is consistent
with the ecological model; in the case of
familial hyperlipidaemia, it corresponds to
the genetic model; impairment of the in-
ternal layer of the arteries corresponds to
the accumulational (involutional) model;
and age-related disturbances in fat and car-
bohydrate metabolism correspond to the
ontogenetic model. This approach elimi-
nates the confusion which is often observed
in investigations on atherosclerosis, when
some authors attribute this disease to
aging, while others, to a pathologic process
that is unrelated to aging. Certainly, in a
real situation, the factors that relate to
each of these models act jointly, and deter-
mine, in particular, an individual choice
of diseases (or group of diseases).

In addition to common diseases, there
may exist separate diseases for each of the
four models of development that are charac-
teristic particularly of one or the other
model. Thus, the spectrum of major human
diseases may alter depending on the preval-
ence of the model of disease formation. This
will first of all relate to the accumulational
model, when prolongation of the maximal
lifespan will make the involutional diseases
predominant. This period will start in

19*
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full measure when medicine learns to con-
trol the processes at the basis of the onto-
genetic model of disease development.

F. Ludwig (1980) writes that medical
treatment will remain in an infantile stage
until it is able to avert the internal causes
of diseases just as effectively as the exter-
nal ones. He adds further that to start
progressive movement away from treatment
focussed on ecological causes towards treat-
ment focussed on the human being per se
means to lay the fundamentals of scientific
medicine to come.

In this respect there is much to be done,
but, evidently, it will first be necessary
to overcome the psychological barrier to
understanding what the age-related norm
represents, if given this, it is considered
that normal diseases also exist.



Chapter 13

What Is the Norm?
or The Grand Biological Clock
and the “Certificate of Health”

The harmony of rhythm is a necessary
condition for the free existence of an orga-
nism. Therefore, the idea of an age-related
norm is a myth. It is not enough to feel
well, it is necessary to strive to be in an
ideal norm.

If the changes occurring in the organism
are strictly programmed, and at the same
time are subjected to fluctuations, if they
are the result of the interaction of numerous
internal and external factors, then the fol-
lowing question naturally arises: how are
the influences that determine the lifespan
of each individual summed up?

The organism “considers” time in a short
interval, using, in principle, the same fac-
tors as Homo sapiens, who introduced the
notion of an astronomical day. This count
is expressed by the daily periodicity of the
organism’s functions, of their rhythm. Al-
most all the rhythms are coordinated with
the alteration of day and night. However,
many rhythms continue in prolonged dark-

- ness.

There are also purely internal rhythms
owing to the fluctuations of the processes
in each cell, tissue, and, correspondingly,
physiological system. All together this
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has been called a biological clock in the
scientific literature. But only limited
stretches of time are measured by this clock.
It resembles a sand-glass that measures one
cycle but does not sum up a succession of
measured periods. Cycles with a greater
periodicity than the 24hour one, e.g.,
alteration of moon phases and seasons, are
not summed up with the previous count,
i.e., there is no successive recording of
periods in an organism.

Nevertheless, there undoubtedly exists a
peculiar calendar that reflects the total
changes from the beginning of life and up
to death. This calendar can reasonably be
called the Grand biological clock. Like the
common biological clock, it is based on
the same principle of changes in the rhythm,
but it possesses an important feature, i.e.,
the Grand biological clock does not mea-
sure the rhythm, it measures the loss of
rhythm. Naturally, its mechanism is “built-
in” in the hypothalamus (Fig. 8).

The clock works irregularly. It can slow
down, or speed up, but it always runs in
one direction, that of the gradual loss of
rhythm, and the reserve of the winding
decreases continually. However it is pos-
sible to measure quantitatively the spent
reserve of winding in the Grand biological
clock. The loads that determine the sen-
sitivity threshold of the central hypothalam-
ic regulator to the regulating signals
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Fig. 8. The Grand biological clock.

characterize how far the Grand biological
clock has gone. The more the reaction to a
load has changed, the closer the finite time,
or complete loss of rhythm in the function-
ing of the homeostat. Thus, the Grand
.biological clock measures the rhythm of the
main homeostatic systems of the organism.

The theoretical situation can be imagined
when the Grand biological clock runs so
slowly that the aging process essentially
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slows down. For this to happen, the func-
tioning rhythm of the main homeostatic sys-
tems of the organism must be preserved. In
turn, the latter can be attained by deter-
mining the concrete factors that cause the
loss of rhythm and by finding means that
prevent or reliably eliminate these dis-
turbances.

The condition of the Grand biological
clock can be judged more roughly by the
changes in a series of summary indices re-
flecting the functioning of the main home-
ostats. Thus, the greater the body mass, or
the cholesterol content in the blood, the
greater is the risk of development of athero-
sclerosis, and, correspondingly, the less is
the expected lifespan.

The total run of the Grand biological
clock, i.e., the maximal lifespan, is deter-
mined not only by the regulatory processes
of aging, but also by the local changes oc-
curring at the cellular level as well as the
activity of the systems that counteract the
onset of these local changes. In turn, a cer-
tain correlation has developed during evo-
lution between all these factors and the
actual lifespan of each species in the natural
habitat, which, in the final end, determines
the so-called species specific limit of life.

But many factors of the environment in-
crease the speed of the Grand biological
clock. For example, deviation from the
optimal food ration and an essential in-
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crease in the body mass cause a disturbance
in certain important rhythms in the or-
ganism and untimely changes in metabol-
ism that are characteristic of normal dis-
eases. As stated above, time passes faster
for obese people. All this convinces one of
the necessity of establishing an ideal that
one should strive towards and to determine
what is the norm in a continually changmg
organism.

This is not simple because fundamental
notions are the most difficult to define. For
example, what is the normal body mass
for a human? A simple index is often used
to calculate the body mass. This index is
obtained by deducting 100 from one's
height in centimetres. Thus, according to
this index the normal mass at a height of
180 cm is 80 kg. But, besides the simplicity
of this formula, there are absolutely no
serious arguments to substantiate it.

As is known, with age humans put on
mass. Taking into consideration the age-
related changes in a series of physiological
indices, many researchers find it necessary
to establish a body mass norm for each
decade of omne’s life. According to this
approach, the body mass of a population
is measured, and then the mean mass for
different age groups is calculated. This
averaged mass is accepted as the standard
for each individual age group. In other
words, a mean statistical age norm is estab-
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lished, and it is assumed that an age-
related change in the physiological index
is normal. It is considered that only indices
of body mass that substantially exceed the
averaged indices for the given age group
represent a deviation from the norm. Thus,
the myth hascome to life of the “permissive-
ness” of an age-related increase in body
mass within certain limits, and the latter
limits are calculated by the principle “to
be like everybody”.

But as was stated earlier, although age-
related changes in the body mass occur
practically in everybody, this does not
mean that this phenomenon is normal,
Quite the contrary, in this case it can be
said that what happens to everybody is
dangerous for everybody. After all, the
fact is tacitly ignored that the higher the
body mass, the greater the probability of
death.

Thus, the growth of the organism ceases
between the ages of 20 and 25. The death
rate due to all the major diseases is minimal
at this age. Hence, it seems most reason-
able to accept the indices that are charac-
teristic of this age as a norm, especially if
the subject is not ill at this time. In essence,
each human being is unique, therefore a
norm is strictly individual and it is im-
possible to manage without averaged data.

The norm that is characteristic of every-
one hetween the ages of 20 and 25 can be
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arbitrarily designated as an ideal norm
because it is the starting point from which
the path towards age-related pathology
begins. It is the ideal that one should
strive to preserve. Any stable deviation
from the individual norm at this young
age is an advancement along the path to
age-related pathology.

Indeed, deviation from the norm is nor-
mal in systems subordinated to the law of
deviation of homeostasis because the norm
is lost at one or another rate with age. This
leads to the development of normal diseases.
But, naturally, the rate of this loss can
vary depending on many reasons. If the
process occurs more intensively thau on the
average for the whole population in the
given region, or country, then we are
dealing with premature aging and the pre-
mature development of age-related diseases.
Conversely, if the process of deviating from
the norm is slower than usual, then we are
witnessing “delayed” aging, which is char-
acteristic of long-lived subjects. Thus,
the biological age of a human may not cor-
respond to his chronological age.

Obviously, it is impossible to measure
all the conceivable physiological indices.
And this is unnecessary. The majority of
physiological indices are protected by the
law of constancy of the internal environ-
ment and, therefore, are not subject to
essential changes. It stands to reason that
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accidental breakdowns that cause various
diseases may occur in the organism with
age. However, it is not these diseases but
the ten normal diseases that characterize
the process of aging. Therefore, when deter-
mining the biological age and the corre-
sponding regular deviations from the norm,
the set of indices is not so great as to be
beyond consideration.

The relatively small set of indices is also
determined by the fact that uniform dis-
turbances in regulation that are stipulated
by the law of deviation of homeostasis
cause similar finite shifts if the aging pro-
cess is occurring normally. Hence, it is
possible to judge the activity of the entire
system as a whole on the basis of these
finite integral indices without knowing much
about the plurality of intermediate stages.

Thus, for example, it is natural that the
energy homeostat and the processes occur-
ring in it are very complicated. But if the
body mass that formed at the age of 20 to
25 remains stable, it is clear that the dis-
turbances are not very great at any level
of the energy system.

Considering that the law of deviation of
homeostasis functions in the three basic
homeostatic systems of the organism the
parameters of the state of these systems at
the age of 20 to 25 should be determined.
The minimal number of these parameters
is five:
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1) body mass, or, to be more precise, the
content of fat in the body (which can be
calculated indirectly from the height, mass,
and measurements of the thickness of the
skin-folds), taking into consideration the
topographic specific features in the dis-
tribution of fat;

2) level of pre-p- and P-lipoproteins and
triglycerides in the blood;

3) level of cholesterol and a-cholesterol
(cholesterol in high-density lipoproteins);

4) fasting blood sugar level and sugar
level two hours after the intake of 100 g o
glucose *; :

5) arterial pressure**.

The “Certificate of Health” can be drawn
up by the totality of these indices.

Indeed, the untimely development of
normal diseases is practically ruled out if
the initial level of the five indices listed
is optimal and if their age-related dynamics
are not present up to a certain time. The
essentially prognostic significance of these
parameters is conditioned by the fact that
they reflect the state of the energy, adapta-

* If possible, with simultaneous determination of
cortisol, insulin, or C-peptide content in the
“ blood. .

** The equivalent of the ideal norm is the opti-
mal norm, i.e., the level of physiological indices
at which the incidence of diseases (the develop-
ment of which is determined by the deviation
from these indices) is minimal.
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tional, and partially, the reproductive,
homeostat. The stability of these indices at
repeated examinations, e.g., once per an-
num, would indicate that the “Certificate
of Health” is not overdue.* Conversely,
changes would serve as a signal to take
certain measures, including medical treat-
ment.

We focus special attention on the fact
that the “Certificate of Health” system pre-
sented here is not simply an additional
system for recording certain medical in-
dices; rather it is a reflection of a new ap-
proach to understanding the causes of
development of the major diseases in
humans, an approach based, in particular,
on the principle of a “stable norm”. It is
precisely this principle, which, though
lacking in all other schemes of prophylactic
medical examination of the population, is
decisive when assessing any system because
it determines indices for medical inter-
ference. This should be fully comprehended,
especially today when elaborating measures
for the complete prophylactic medical exam-
ination of the population in any country.
The principle of a stable and individual
norm can play a tremendous role in this

* It is interesting to cite data indicating that
over a period of 32 years of observation of healthy
men, the initially higher level of cholesterol pre-
determined an earlier age-related shift of this
parameter.
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undertaking to prolong a happy active
life for everyone.

But, when speaking about the future, it
becomes necessary to learn how to determine
earlier changes, i.e., at the time when the
value of the final indices has not yet in-
creased and the rhythmic functioning of the
basic homeostatic systems just levels out.

Naturally, there is a “second series of
tests” for each homeostatic system that
makes it possible to assess more correctly
the state of regulation in the system. These
tests have been discussed in part in Chap-
ters 4, 6, and 7. Certainly, the individuality
of the norm demands standardization of the
methods of examination. The higher the
requirements for individualization, the high-
er the requirements are for standardiza-
tion, But, this can be done and must be
done because too much depends on it.

A norm is unanimous and this thesis is
of more profound significance than it seems
at first sight. The formation of an optimal
norm in the next generation is directly
dependent on the preservation of the norm
in the potential parents, just as the preser-
vation of the standard of normalcy in the
entire population depends on a normal
-pregnancy in each particular case.

Therefore the chain of causes and con-
sequences that determine the specifications
of an ideal norm will be discussed in the
next chapter.



Chapter 14

Age-Related Norm
and Accelerated Development

The accelerated development is the accel-
eration of age-related pathology.

Human life starts from the moment of
fertilization, but the fate of the future
organism is to a great extent determined
long before the beginning of pregnancy. We
have discussed in Chapter 3 how metabolic
disturbances develop in the maternal or-
ganism during pregnancy and ensure con-
ditions for the development of the fetus
and, in particular, for the increase in its
cell mass.

Table 7 presents data on some shifts in
metabolism during normal pregnancy. One
can see that during pregnancy the glucose
level in the blood increases above the norm
after a glucose load, i.e., a diabetes-like
condition develops. Meanwhile, the sur-
plus glucose in the blood stimulates exces-
sive secretion of insulin, which causes an
accumulation of fat in the organism of a
pregnant woman and results in an increase
in the free fatty acid level in the blood. As
a consequence, the utilization of free fatty
acids as a source of energy increases. This,
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Table 7. Metabolic Shifts in the Blood During
Normal Pregnancy (after Yen, 1978)

Before During

Index pregnancy pregnancy

Fasting blood sugar
level, mmol/1 4.440.1 3.84-0.1
“Glucose square” (af-
ter glucose loading) 81.84+17.7 | 210.61:28.7
Fasting blood insulin

level, mmol/1 70.34:7.9 | 116.2+14.4
Relation of insulin/glu-

cose “square” 41.0+9.9 | 122.0£20.0
Concentration of free

fatty acids, pmol/1 62544 725421
Triglycerides, mmol/l1 | 0.874-0.1 2.07+0.1
Cholesterol, mmol/l 4.240.2 6.5+£0.3
p-lipoproteins, conv.

units 118+5 185+9

in the final end, increases the synthesis of
triglycerides and cholesterol in the liver.
All these metabolic shifts are necessary
for the growth of the fetus (see Chapters 3
and 9). First and foremost, the glucose,
which is not used in the maternal organ-
ism, is supplied to the fetus as the basic
energy source for the latter. At the same
time, if the glucose concentration in the
-blood of the fetus increases above what is
required, then the mechanism of accelerated
development comes into existence. Let’s
examine some details of this mechanism.
The higher the content of glucose in the

200394
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blood, the more insulin is secreted by the
pancreas of the fetus. The higher the con-
centration of insulin in the blood, the
greater the increase in the formation of
fat cells, and the higher the content of
fat in the latter, because both processes
are stimulated by insulin. Therefore, an
“obese fetus” develops in the mother’s ute-
rus and the mass of the newborn child can
reach 4 kg and more. A large fetus is, in
essence, an older fetus because all the
energy processes run more intensively under
these conditions. Hence, the mass of the
fetus characterizes its biological, and not
its chronological, age. R. Klimek, a Polish
gynecologist, noted that an obese fetus
begins to age fast before being born.

Thus, if the child’s mass at birth is 4 kg
or more, then accelerated development has
already commenced. Moreover, the greater
the child’s mass at birth, the faster is the
rate of fat accumulation at a later time.
As a result, a powerful source of energy
appears, which is spent in the process of
body growth. It is characteristic in this
respect that the periods of intensive growth
in childhood are preceded by the accumu-
lation of fat. Hence, the higher the mass
of the fetus, the more probable is the in-
crease in the growth rates. An increase in
the linear dimensions of the body is the
next element of accelerated development.

At the same time, the sooner the body

.
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mass reaches a certain critical level, the
earlier the reproductive cycle switches on.
This is another specific feature of accelerat-
ed development. According to R. Frisch,
an American researcher, the body mass of
girls 125 years ago was 48 kg at the age of
16 years, while currently this mass is reached
at the age of 12 to 12.5 years. Thus,
accelerated sexual maturation commences.
Certain hazards are concealed in this phe-
nomenon.

It is currently known that women in whom
the reproductive function switches on ear-
lier later fall ill more often with breast
cancer and cancer of the uterus body. At
the same time, in patients ill with these
types of cancer the age-related switching off
of the reproductive function—menopause—
starts on the average 2-2.5 years later than
usual, and it is often preceded by long
periods of dysfunctional uterine bleeding.
This can all be explained as follows. The
earlier switching on of the reproductive
cycle is associated with more intensive
hypothalamic shifts, and the later switch-
ing off is due to increased synthesis of
female sex hormones in the adipose tissue
(see Chapter 5). As a result, menopause
.starts at a later age but the excess female
sex hormones have an excessively stimulat-
ing effect on the target tissues of the re-
productive system, which contributes to
the emergence of cancer (Chapter 10).

20#
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But the deterious consequences of acceler-
ated development are not restricted to the
reproductive function. The greater the body
mass of the child at birth, the higher the
concentration of cholesterol in the blood.
Correspondingly, a trend towards an in-
crease in this index has been observed in
many countries in the recent decades. Thus,
for example, Czechoslovakian researchers
noted that between the years 1959 and 1962
the mean concentration of cholesterol in
the blood was 144 mg% (3.62 mmol/l) in
boys and 154 mg% (3.98 mmol/l) in girls
that were between the ages of 3 and 6.
But between the years 1970 and 1972, these
measurements were 181.5 and 192.3 mg%
(or 4.69 and 4.97 mmol/l), respectively.
A higher level of cholesterol in the blood
is a risk factor for earlier development of
atherosclerosis, metabolic immunodepres-
sion, and cancer. In particular, such chil-
dren demonstrate an increased incidence of
leukemia, and, according to some data,
children ill with diabetes mellitus are tal-
ler than healthy childen of the same age.

At the same time, the metabolic shifts
that lie at the basis of accelerated develop-
ment of a child reflect the higher probability
of certain adverse consequences for the
mother. For example, women, who gave
birth to children with an excessive body
mass, are themselves more likely to develop
obesity or diabetes mellitus, and women
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suffering from latent diabetes mellitus (or
even a state of prediabetes) more often
give birth to children who are overweight.
When considering the mechanism of ac-
celerated development, it becomes clear
why this phenomenon is manifested first
of all in industrially developed countries
with a relatively high living standard and
excess consumption of food. Alongside the
decrease in physical activity and the in-
creased social stress, these factors con-
tribute to substantial shifts in the concen-
tration of glucose in the blood during preg-
nancy, which forms a mechanism of accel-
erated development. Thus, disturbances in
metabolism during pregnancy represent a
“programmed” disease because the growth
of the fetus is impossible under conditions
of stable homeostasis. At the same time,
aggravation of the “normal disease of preg-
nancy” (surpassing the limits of the “nor-
mal disease” that is necessary for develop-
ment of the fetus) is, in essence, the disease
that results in accelerated development.
Apparently, a great role in the prevalence
of accelerated development in industrially
developed countries is played by the rela-
tively greater age of the women at the time
of childbirth. This is due to the necessity
of receiving an education and to the specific
style of life. As a result, the age-related met-
abolic shifts that have already accumulated
in the female organism are summed up with
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the metabolic shifts during pregnancy and
create the mechanism of acceleration.
Thus, observations in our laboratory have
shown that the skin-fold increment in the
area of the iliac bone was 3.8 4 0.8 mm
in a group of pregnant women up to 21 years
of age, while in a group of women aged 25
to 31 it was 8.5 = 0.7 mm. Hence, even
at the young age of 25 to 31 years, there
are certain disturbances in metabolism
that when summed up with the shifts
characteristic of the “normal desease of a
pregnant organism” cause more pronounced
accumulation of fat. Meanwhile, the more
mass a woman ‘gains during preghancy,
the greater the mass of the child at birth,
and so on. Therefore, the older the future
mother, the greater the shift towards a
fat-based energy source and the more pro-
nounced the stress influences, the more
probable is the reproduction of the acceler-
ation mechanism in the future generations.
For example, acceleration causes intensive
development of age-related pathology,
which is conditioned, in particular, by a
shift in the metabolism towards the fat-
based energy source. The presence of these
specific features in a woman during the
reproductive period increases the probabili-
ty of giving birth to a large child, i.e., the
offspring may repeat with greater prob-
ability the fate of the accelerated parent.
In other words, not every accelerated per-
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son descends from another one, but acceler-
ation is more probable if the mother ex-
perienced accelerated development. Hence,
if the age of a woman who is giving birth
for the first time is increased due to various
factors of civilization, if the factors of
civilization increase obesity among the
young generation, if stress situations are
less controlled, if, in short, conditions are
created that exacerbate the “normal disease
of a pregnant organism”, then the fre~
quency of accelerated development should
increase.

This illustrates how the chain of the
acceleration mechanism closes, which in the
final end causes an accumulation of acceler-
ated individuals in the population. The
example presented above shows how the
principle of uncertainty, which reveals it-
self in the diversity of variable factors of
the external environment, in interaction
with the principle of determinism, to which
the mechanism of development of the or-
ganism is subordinated, creates a situation
wherein accelerated development is direct-
ly transformed into acceleration of aging
and the development of age-related diseases.
Certainly, an increase in the number of
accelerated individuals in a region under
these conditions is not an index of changes
in heredity under the influence of external
factors; rather it is the realization of the
choice of extreme variants of development
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in the normal distribution of the specific
genetic features of the species.

From this point of view, the principle
of the ideal norm (Chapter 13) may be
unfounded in certain populations because
the norm may already be lost by the end
of the organism’s growth. Therefore, along-
side the notion of an ideal norm, the so-
called optimal norm is very important. It
is the value of the physiological parameters
at which there is minimal mortality (in-
cidence of disease) due to diseases associat-
ed with a disturbance in these parameters.
Hence, the optimal norm is useful to assess
the condition of people of any age.

It should be emphasized that there are
certain arguments that make it possible for
the author to assume the existence of a
second mechanism of accelerated develop-
ment that operates not in ontogenesis, i.e.,
during the life history of one generation,
but in phylogenesis, i.e., over the period of
several generations. The second type of
accelerated development and acceleration
of age-related pathology arises in regions
and countries with a low living standard
and high infant mortality due to shortage
of food resources, infectious diseases, and
poor medical services, i.e., in countries
with a low mean lifespan due to the high
death rate of individuals as a result of
external causes. The mechanism of the
second type of acceleration can be presented
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as follows if considering the comments to
Table 5 in Chapter 11. If infant mortality
is high, then women in whom the capacity
for childbirth matures at an earlier age
have the advantage, as a result of which
these women manage to give birth to a
greater number of children. But, as we
determined above, early sexual maturation
is a typical indication of accelerated devel-
opment, which, in the final end, causes a
decrease in the lifespan owing to accelera-
tion of the ontogenetic mechanism of the
major diseases. Gradually, the descendants
of women with an accelerated type of
sexual maturation and, consequently, with
an inherited tendency for accelerated de-
velopment begin to prevail in the region.
Therefore, in countries with high mortality
from external (ecological) adverse factors
the following demographic situation is
frequently observed: early sexual matu-
ration, predominance of young, physically
well-developed individuals, high birth-
rate, rapid aging, and short lifespan even
in the presence of sufficiently favourable
living conditions. If there existed a method
for determining the species specific (maxi-
mal) lifespan in such populations, then
" undoubtedly a decrease in the lifespan
would be observed.

It should be noted that accelerated de-
velopment of the organism is more danger-
ous for males owing to the specific features
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of the male organism and his role in repro-
duction. It is essential that this problem
be addressed in the next chapter because,
owing to the greater knowledge about cer-
tain features of the female neuro-endocrine
system and a greater frequency of certain
endocrine diseases in women than in men,
more examples concerning the female orga-
nism have been given in this book. This
may have created the false impression that
the male organism is less vulnerable to age-
related diseases.



Chapter 15

The Female and the Male:
Four and Three Stages of Life

The different roles of the female and male
organisms in reproduction have determined
that females live longer than males at all
the levels of the evolutionary tree of life.
The means supporting these differences vary
at different levels of evolution of the animal
kingdom. Male mammals have neither a stage
of stabilization, nor a mechanism for the
age-related switching-off of the reproductive
function. The absence of advantages that are
associated with stabilization is the price that
the male organism pays for the absence of
the male climacteric.

“Rejuvenation” of the development of age-
related pathology has been most vividly
manifested in males during the last decades.
This is partly due to the influence of certain
unfavourable factors of civilization. But,
the following question naturally arises:
why are these factors more dangerous for
men than for women?

The same situation exists in the animal
kingdom, i.e.,.the lifespan of the male is
shorter than that of the female. This points
to the decisive significance of biological
- factors in the formation of the mechanism
of aging and natural death. Therefore, we
shall discuss some accessible aspects of the
biological difference between the sexes and
try to determine how this difference in-
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fluences the rate of development of age-
related diseases.

It is known that both sides participate
equally in reproduction. But this equality
relates to the transmission of genetic in-
formation and not to the functioning of the
reproductive system.

The possibility of fertilization is limited
by the female organism owing to the fact
that the ova are cyclicly (as is known, ap-
proximately once a month) supplied for
fertilization. This process demands the
accurate and rhythmic operation of the
reproductive homeostat; therefore, its cen-
tral hypothalamic regulator must be highly
sensitive to the female sex hormones that
participate in the functioning of the feed-
back mechanism and maintain the strictly
rhythmic activity of the system. The second
requirement consists in creating optimal
conditions in the organism for procreation.

The reproductive homeostat of the male
organism performs quite a different func-
tion in reproduction. It must ensure the
continuous possibility of participating in
reproduction in order to overcome the
limits set by the cyclic appearance of the
female ova. This is achieved by the con-
tinuous maturation of male sex cells. There-
fore, the male organism is able to partici-
pate in conjugal union with many individ-
uals whose readiness for reproduction oc-
curs at different times.
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The permanent type of functioning of
the male reproductive system is provided
for by elevation in the sensitivity threshold
of the hypothalamic “sex centre” to inhi-
bition by the sex hormone testosterone with
increasing age. This creates deviation of
reproductive homeostasis that increases the
power of the system. It is interesting to
note that the high level of testosterone in
the blood that corresponds to the level in
young men is found sometimes in 80- and
90-year-old men. Thus, an increase in the
power of the reproductive homeostat main-
tains the necessary potency in the male
organism.

In accordance with these different re-
quirements, the influence of the female and
male sex hormones on the hypothalamus
and on metabolism is different. The male
sex hormone plays an important role in
the formation of the sexual characteristics
of the hypothalamus itself. An animal or-
ganism begins life with a “sexless” sex centre
which in both males and females preserves
the ability to function as a female, i.e.,
the rhythmic type of functioning. The “sex
centre” in the male organism becomes a
truly male one under the influence of the
- male sex hormone produced by the imma-
ture animal and begins to function in the
permanent, nonrhythmic mode.

This loss of rhythm is equivalent in a
certain sense to early aging in the male
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organism as compared to the female. Thus,
it has been experimentally established in
animals that if testosterone is injected into
an immature female during the first days
of the animal’s life, the hypothalamus will
function throughout the animal’s entire
lifetime according to the male pattern, i.e.,
in a nonrhythmic mode. In maturity the
incidence of tumours increases in these
animals and this reflects accelerated aging.

In accordance with the biological role,
aging occurs quite differently in the female
and male reproductive homeostat. In the
female, the rhythmic activity of the homeo-
stat continues from the age of 12 to almost
50. Cessation of the reproductive function
(menopause) occurs when the elevation of
the hypothalamic threshold disturbs the
mechanism- of self-regulation (Chapter J).
This automatically limits reproduction dur-
ing the period when the accumulation of
age-related changes causes deterioration in
the condition of the female organism and
increases the various types of risk that are
linked with pregnancy and the age-related
accumulation of mutations that are danger-
ous for the progeny.

The male organism 1is not directly taxed
by procreation, and only performs the male
part of the transmission of genetic infor-
mation. Hence, there is no climacteric in
the male organism, i.e., no mechanism of
age-related cessation of reproduction. How-
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ever, there is a gradual decrease in potency
in the course of aging, which limits the
ability to transmit genetic information. The
decrease in potency with increasing age is
strongly associated with a deterioration in
the general condition of the organism, which
is, first and foremost, a result of the lack of
a stabilization phase. The latter phase is
induced in the female organism by the
female sex hormones. What are the specific
characteristics of this phase?

In childhood the level of free fatty acids
in the blood in both the female and male
organism is much higher than in young
adults. The level of cholesterol in the blood
of children is also higher than at the age
of 20 when body growth ceases.

This shift to fat-based metabolism is
necessary to fulfill the growth require-
ments, and, in essence, it is a deviation of
homeostasis, which is an obligatory con-
dition of development. But according to the
character of metabolic disturbances, it cor-
responds to a “normal disease”, to a state
of prediabetes, i.e., to metabolic shifts
characteristic of aging. In light of this
interpretation, the following old observa-
tion becomes clearer: the deposition of fat
-and cholesterol in the aorta in early child-
hood creates islands of future atherosclero-
sis (though they are temporarily resolved
at a certain age). In truth, “the old are
like the young”. Therefore, the author calls
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this stage of growth as the stage of pre-
prediabetes.

The switching-on of reproduction in the
female organism stabilizes metabolism.
This is manifested by the fact that the
level of the free fatty acids drops during
sexual maturation, reaching a minimum at
the age of 16. It should be noted here that
the level of free fatty acids in the blood of
children whose sexual development is more
accelerated reaches values that are charac-
teristic of adults between the ages of 4
and 7.

Studies have shown that female sex hor-
mones prevent growth hormone from mobi-
lizing free fatty acids from depot sites and
perhaps therefore possess the ability to
reduce the cholesterol content in the blood.
Women between 30 and 39 years of age do
not demonstrate an -increase in blood in-
sulin or sugar levels, which corresponds to
the stage of stabilization. But the sex hor-
mones in the male organism do not give
rise to the stage of stabilization; therefore,
with an increase in age the concentration
of insulin in men increases more than in
women. On the whole, between the ages of
24 and 49 the postprandial increase in the
insulin concentration in men is 3 times
greater than in women,

As we remember, insulin is the major
risk factor in the development of athero-
sclerosis. It is possible that this is the reason
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why atherosclerosis develops almost 10 years
later in women than in men. This is a
significant difference in the times of onset
of “diseases of compensation” and may be
the reason for the 10-year advantage in life-
span that women have. A series of major
physiological indices remain practically
unaltered in women during the stage of
stabilization.

However, the reproductive cycle switches
off in women of a certain age in accordance
with the law of deviation of homeostasis.
Then the stage of stabilization is replaced
by another stage similar to the one in
childhood except that “normal diseases” of
aging form intensively at this new stage of
prediabetes in accordance with the program
of development. Correspondingly, removing
the ovaries from a woman before she has
reached the age of 40 leads to an increased
rate in the development of atherosclerosis. In
other words, the sexual advantages associ-
ated with the stage of stabilization are lost.

By the age of 70 the age-related increase
in insulin is similar in men and women.
This demonstrates the end of slowing down
of the Grand biological clock, which was
attained during the phase of stabilization
in women, and reflects the identical nature
of the programs of development in both
sexes. In accordance, the indices of mor-
tality from “normal diseases” level out in
men and women by the age of 70.

21-0394
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Nature, however, has presented the human
being with one more stage: the stage of
involution. Thus, data indicate that the
mean level of cholesterol in the blood of
men and women after 60-70 years of age is
slightly lower than in the previous stage of
prediabetes. It is assumed that this decrease
is associated with increased mortality (in
particular, from atherosclerosis) in people
with a high level of cholesterol. A real
decrease in hypothalamic activity may also
occur with age. Thus, climacteric neurosis
frequently rages for 5 to 10 years and then
disappears on its own. Apparently, the ac-
cumulation of shifts on the cellular and
tissue.levels and, in particular, ih the hypo-
thalamus, as in any other tissue, evens out
the specific changes in this system over the
course of time.

The storm of regulatory disturbances,
which induce diseases, calms down a little.
A relatively favourable stage of involution,
or aging, starts, and the rate of develop-
ment of age-related diseases decreases. If,
by this time, the major diseases have not
made an appearance, then those who have
reached the age of 70 have a statistical
probability of living an additional 15 years
or more. In this case, the body mass often
drops.

Statistical data indicate that fewer people
die of certain types of cancer during the
stage of involution and this is reflected
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equally in regions with a high mortality
rate from this disease (Finland) and in
those with a low rate (Portugal).

Hence in principle, the type of changes
in the energy and reproductive homeostat
in female and male organisms is the same.
However, the specific features of the female
organism that are associated with the switch-
ing-on of the reproductive cycle induce
the stage of stabilization. Thus, if the life
of a male conditionally consists of three
periods, i.e., growth and maturation (pre-
prediabetes), maturity (or prediabetes, when
age-related pathology intensively develops),
and, finally, the period of involution (when
the rate of formation of age-related pathol-
ogy slightly retards), then a female lives
through four stages, i.e., pre-prediabetes is
replaced by the period of stabilization,
which creates optimal conditions in the
organism for reproduction, and only then
do the stages of prediabetes .and involu-
tion commence.

Hence, the absence of the stage of sta-
bilization in the life cycle of the male organ-
ism probably predetermines the male’s
shorter on-the-average lifespan. However,
the stage of involution again evens out the
-potentialities of the sexes, and old age dis-
closes unexpected sides in the perception
of reality for those who have reached it.

21



Chapter 16

To Treat or Not to Treat?
How to Retard Aging?

We use life’s blessings every day, we age as
the days pass, therefore we must counteract
aging daily.

It is clear to the reader that these questions
are purely rhetorical: they are simply to
focus attention on the issue,

According to the ontogenetic model of
the major human diseases, their mechanism
is linked with the regulatory and, partially,
the metabolic processes of aging. There-
fore, in order to slow down the develop-
ment of these diseases of middle and old
age, it is necessary to learn to retard aging.
This conclusion is a direct consequence of
the ontogenetic model of medicine, and
clinical observations as well as statistical-
data empirically correspond to it. In partic-
ular, L.A. Gavrilov and co-workers (1978,
1983), who worked out the so-called life
tables for Sweden for the period from 1910
to 1978, found that the substantial de-
crease in mortality observed during this
golden age of medicine occurred on account
of the decreased mortality from diseases
that were not linked with aging. Thus,
one may conclude that new ways must be
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found for the prophylaxis and treatment
of the major human diseases via ontogenetic
mechanisms.

Meanwhile, there is a psychological bar-
rier in modern medicine that limits com-
prehension of the role that should be played
by gerontology in clinical medicine as a
whole and in the fight against the major
noninfectious diseases in particular. This
barrier is conditioned partially by the
belief that the aging processes are very
complicated and elude complete under-
standing at the current stage. It is also
widely believed that aging, as a physiolog-
ical process, has nothing in common with
the onset of the major diseases; rather, it
only forms the background against which
they develop. In addition, it is assumed
that because of the complexity of the
aging process it is impossible to create a
sufficiently practical system of antiaging
treatment. -

Finally, serious scientists are perplexed
by some hasty prognoses made by research-
ers who are not specialists in the field
but, nevertheless, assert that the secret of
immortality will be revealed in the nearest
future. On this basis, promising recommen-
dations are easily given but they are sim-
plifications of conclusions derived from
both orthodox and folk medicine. What
is more, from time to time extremists appear
who advocate radical measures; some of
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them prohibit the consumption of animal
protein, animal fat, vegetable fat, or car-
bohydrates, or they suggest a “zero diet”,
i.e., long-term periodic starvation. Others
find deliverance from the burden of age-
related diseases in maximum activity, still
others in peace of mind, or mental relaxa-
tion. Those who recommend such diets
usually pass through two peaks of popular-
ity: first because of the extreme charac-
ter of their recommendations; and then,
because of the harm caused by these ex-
tremes. Strangely enough it is usually forgot-
ten that none of these heralds of such fads
ever introduce anything new except the
heat of their conviction. This is all akin to
superstitions and prejudices while only
knowledge is power. Nevertheless, many
of these enthusiasts, owing to their per-
sistence and the fact that, on the whole,
their recommendations echo those of ortho-
dox medicine (“don’t overeat, don’'t smoke,
don't worry, and move more”) achieve
certain positive results. Therefore, let's
first discuss these recommendations from
the scientific point of view.

A surplus of animal protein and cholester-
ol in the food accelerates the development
of atherosclerosis and some types of tumours
(e.g., cancer of the large intestine and breast
cancer); a surplus of saturated (animal)
fat contributes to the onset of atherosclero-
sis, and a surplus of vegetable fat, to a
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decrease in immunity. In turn, decreased
immunity leads to the development of
atherosclerosis and cancer. But if all these
components are eliminated from the diet
and there is a surplus of carbohydrates,
obesity commences. It is the disease of all
diseases: type II diabetes mellitus, metabo-
lic immunodepression, atherosclerosis, and
cancer are all associated with it. Finally,
extreme dietary restriction, especially in
protein, also causes a decrease in immunity
in addition to an increased risk of mental
depression, which also contributes to the
development of the major diseases.

Since the entire energy base of the diet
is made up of carbohydrates, proteins, and
fats, both saturated and unsaturated (only
four components), it is clear that a surplus
(just as a shortage) of any one is dan-
gerous for one’s . health. Imagine that
a person is inside a square. Each side of
this square can be the source from which
carbohydrates, proteins, and saturated and
unsaturated fats are freely derived. But
this freedom limits the lifespan.

It may seem that in this description the
danger is exaggerated. This false impres-
sion arises because for many millenia
humans have battled with a shortage of
food resources. This problem is still acute
in many countries today. However, in
many cases it is not a shortage in food but
its surplus that is the factor causing un-
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timely aging and diseases that are linked
with it.

Let’s discuss the recent experiments car-
ried out by Robert Good, a well-known
American immunologist.

Certain strains of mice suffer from the.
same diseases as contemporary human be-
ings: cancer, arteriosclerosis, myocardial
infarction, kidney disease and hypertension,
obesity, diabetes mellitus, auto-immune
diseases, untimely atrophy of the thymus,
and a decrease in immunity. Naturally,
such strains of mice have shorter lifespans
than do ordinary mice. When the content
of protein was reduced in the diet of these
animals, there was a decrease in the in-
cidence of auto-immune diseases. A decrease -
in the caloric value of the diet, which was
nutritionally balanced, produced a still
greater decrease. The incidence of diseases
decreased so drastically in the animals that
their lifespan increased to normal values.

Other experiments showed that in strains
of mice characterized by high longevity a
decrease in the food ration, as compared to
what they picked themselves, also mcreased
the lifespan by 25%.*

* A large number of experiments carried out
since the 1940s have demonstrated that, by restrict-
ing the caloric value of the diet of rodents, the
duration of sexual maturation and, corresponding-
ly, the maximal lifespan are mcreased (see the
relationship between these processes in Chap-
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Thus, it is possible that humans can also
avoid many troubles, or, at least, choose
the least one from the lot by ingesting
only the required amount of food. In this
regard the ancient Greeks first made the
observation that a sense of proportion guar-
anteed a healthy body and spirit.

Let’s try to find this sense of proportion
though it is more difficult today than in
ancient times because civilization has creat-
ed new foods (e.g., sugar), while other foods
such as common vegetables have been de-
valued in the eyes of modern humans.

The following example clearly shows the
result of surplus sugar in the diet. If a
middle-aged adult eats a large quantity of
sweet food (equivalent to 50 g of sugar),

ter 11). It has been suggested that in the case of
primates and, especially, humans, this interaction
may be less significant because the period of
maturation is already- sufficiently long. How-
ever, the influence of optimal nutrition is realized
by many mechanisms. In particular, its favourable
effect has been demonstrated in animals when
dietary restriction is begun at the age of one year,
which corresponds to the late period of maturation
in humans. Finally, statistics derived from large
populations demonstrated that in humans a change
i “life-style”, including a decrease in the con-
§um£tion of animal protein and fats, an increase
inr the content of vegetable food in the diet, re-
duced smoking, increased physical activity, and
better treatment of hypertension reduced mortal-
ity due to ischaemic heart disease in middle-aged
adults by more than 30% in the period between
1950 and 1979,
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the concentration of insulin in the blood
two hours later increases from two to three
times. In addition, experiments have demon-
strated that 30 minutes later these incre-
ments of insulin increased the synthesis of
cholesterol in the aorta twofold.

It should also be remembered that the
evolution of humans as a species is infinitely
slow, while the evolution of our diet is
disproportionately fast. Vegetable food has
been a basic part of the diet for millenia,
but today it is impossible to return to it
because the change in the life-style and in
the pace of life, and the changes in the
digestive organs that occurred over the
course of these years demand the additional
inclusion of a certain quantity of animal
protein, and vegetable and animal fat.
For example, animal fat contains vitamin
D, which is indispensable for humans. Qur
closest relatives—the monkeys—who also
require it, receive it from other sources.
Living in the trees of the tropics, they are
subjected to intense ultra-violet radiation,
under the effect of which provitamin D
is produced from the initial food source.
This method is impossible for us today.
It is also impossible for us to eat a kilogram
of vegetables and then to fall asleep and
digest it for a long time in order to obtain
the required quantity of protein that forms
the foundation of our body. In general,
vegetables (except for soya) contain a
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relatively small quantity of the required
amino acids, which are the building blocks
of protein.

Nevertheless, the main part of the diet
should consist of vegetables. Moreover,
a certain quantity of rough plant food that
contains so-called nondigestible plant fibre,
i.e., cellulose, pectin, hemicellulose, lignin,
etc.,* should also be consumed. These foods
reduce the incidence of cancer of the large
intestine, retard the development of athero-
sclerosis, and decrease the incidence of
cholelithiasis and even varicosis.

This has all been well tested, and for
this reason wide-scale prophylactic mea-
sures are based on these conclusions. Thus,
it has been shown that by switching to a
diet with a lower content of saturated fat,
cholesterol, sugar and common salt and
a higher content of starch and undigested
vegetable fibre, a decrease in the incidence
of early myocardial infarction, stroke, hy-
pertension, diabetes mellitus, and cancer
results. It has been established that those

* A large amount of plant fibre is contained in
any variety of cabbage, apples, spinach, rutabaga,
and many other vegetables and fruits. The pro-
tective influence of vegetable fibre is manifested
most clearly in the presence of a large quantity
of fat in the diet. According to a series of data,
daily diet that contains 35 g of vegetable fibre
decreases the mortality from cancer threefold as
compared to a diet with a low content of vege-
table fibre,
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who adhere to this kind of diet live 8 years
longer on the average than those who don’t.
This “gain” will seem still greater if it is
considered that “losers” fall ill with serious
diseases not for eight but for many more
years.

.Table 8 presents a balanced diet that
contains about 1800 calories.

This diet is based on a low content of
cholesterol, limited amount of saturated
(solid) fat, a slightly larger amount of un-
saturated (fluid) fat, as well as a large
amount of roughage that contains a suffi-
ciently large quantity of vegetable fibre.
Four, or even five, meals should be con-
sumed in one day because only a relatively
small quantity of energy substances can be
“burned” at one time. For this reason, if a
person eats only once or twice a day, obesity
can begin to develop even in the absence of
a dietary surplus.*

* After obesity has developed, its stabilization
is attained with a smaller quantity of food than
that required in the active phase of fat accumula-
tion: this is because in obese people thermogenesis
does not increase with food intake. When a restricted
diet is indicated, e.g., in atherosclerosis, cheese,
whole milk, ice cream and cream must be excluded
but the diet should include more vegetable oil.
It is believed that it is better to break one's diet
once in two weeks than to permit slight deviations
daily. Nevertheless, one should remember that
one's appetite increases after overeating. Alcohol
is most gangerous when there is an elevated level
of triglycerides in the blood.
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Of course the effectiveness of applying
the same standard diet to everyone is limit-
ed for several reasons. A standard diet is
based on common principles, but frequently
an individual approach is required. For
example, if the content of cholesterol in the
blood is elevated, the consumption of choles-
terol, which is available in meat, eggs, and
butter (Ch-diet),* must be strictly limited.
If the content of blood triglycerides is ele-
vated, the content of carbohydrates in the
diet (C-diet) must be limited and body
weight lowered. If the content of cholesterol
and triglycerides is elevated, both must be
limited (C +4- SFA-diet) and vegetable fat
must be increased in the diet. In the final
analysis, a diet ensuring that the organism
maximally approaches the ideal norm is
the one that should be followed. To this
point, long-lived subjects show an elevated
level of high-density lipoproteins in the
blood (HDL, or a-cholesterol), while the
concentration of low-density and very low-

* Dietary cholesterol Elays an impértant role
in the organism when there is an increased quan-
tity of cholesterol in the blood. An excess con-
sumption of cholesterol (1000 mg/day) can ele-
vate its content in the blood by 30 to 60% within
3 to 4 weeks (the content of cholesterol in one
egg yolk is about 240 mg; in 100 g of butter,
220 mg; in 100 g of cream, 137 mg; in 100 g of
meat, about 60 mg; in 100 g of milk, about 13 mg;
and in 100 g of cheese, (30-40%) about 90 mg).
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density lipoproteins (LDL and VLDL) is
decreased.*

Let’s define more accurately what is
meant by the statement that obesity is the
disease of diseases. In a strict sense obesity
commences when the quantity of fat ex-
ceeds the ideal norm by 4.5 to 5 kg. There-
fore, the body mass should be maintained
at the level reached by a healthy person
at the age of 20 to 25. This requirement is
not extreme because muscle and bone tissue
decreases with age: thus, even if the body
mass remains the same between the ages of
25 and 70, the fat content increases by
approximately 30% (see Chapter 6). If it
is born in mind that a 25-year-old person
who weighs 70 kg has about 15 kg of fat,

* Currently, the concept of an optimal con-
centration of cholesterol in the blood ranging
between 174 and 212 mg% (4.5-5.5 mmol/l), at
which the incidence of myocardial ischemia is
minor (as compared to populations with a high
cholesterol content in the blood), has become
widespread. It should be noted that in middle
age the optimal level of cholesterol, which in
many aspects corresponds to the ideal norm (see
Chapter 13), can be achieved only through obser-
vance of a strict diet, or as a result of special
treatment. The decrease in blood cholesterol levels
through dietary manipulation has nothing in com-
mon with the genetically predetermined condition
characterized by low blood cholesterol levels and
its high excretion by the intestines: the latter
condition predisposes to the development of polypi
and increases the risk of cancer of the large intes-
tine.
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then this “inconspicuous” addition is equal
to the 4.5 kg that should be avoided.

Therefore, it is necessary to ensure not
only an ideal body mass, but also a certain
degree of physical activity that retards the
substitution of muscular tissue by adipose
tissue. A high degree of physical activity
also contributes to the establishment of a
favourable ratio of HDL to LDL and .
VLDL (see below).

‘The standard diet can also be ineffective
because it does not sufficiently consider
certain factors. This problem can be explain-
ed in various ways but let’s restrict our-
selves to the following cases. An individual
diet should be conditioned not only by an
ideal individual norm, but also by factors
reflecting the constitutional and family
predisposition to various diseases. For
example, it has been established that if
breast cancer has occurred among relatives,
then attention must be paid to preventing
obesity, and if this concerns girls who have
not yet reached sexual maturity, then
intensive physical activity approaching that
reached in professional ballet classes is
necessary.

If cancer of the gastrointestinal tract
has been registered among relatives, the
diet should contain more vegetables (vege-
table fibres) and vitamins A, E, and C. In
general, sufficient data currently exist in
favour of increasing the prophylactic dose

22—-0394
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of some vitamins in order to achieve an
_antitumoral effect. Vitamin A contributes
to the correct maturation of the epithelium
cells, especially of the gastrointestinal tract
and lungs; vitamin E protects the cells
against the damaging effect of the break-
down products of fat; vitamin C has the
same effect in addition to many others,
including an antistress effect. In the stom-
ach, the latter vitamin also inhibits the
formation of chemical carcinogens (nitro-
samines) from proteins and nitrous salts
that are added to many foods as preserva-
tives.* Vitamins By and Bj (nicotinic acid)
increase the content of serotonin in the
brain, which is one of the basic neurotrans-
mitters that improves one’s mood and
metabolism. As we currently know, one's
mood greatly depends on one’s diet, or, to
be more precise, on the sufficient supply of
tryptophan—an amino acid—to the brain.
This is ensured by increasing the content

* Vitamins A, E, and C have quite diverse
functions that relate significantly to antioxidant
systems. These systems counteract the damagin
influence of free radicals, which are associate
with many elements of metabolic aging (see
Chapter 11). In particular, vitamin E counteracts
damage to the membranes and DNA; vitamin A
(B-carotene) has an antitumoral effect in regard
to viral, chemical and radiation carcinogenesis,
and stimulates immunity. However, optimal doses
for vitamins as well as for selenium, zine, and
methionine, which possess the same effects, have
not yet been established.
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of protein or carbohydrate in the diet,
which supports the entry of this amino
acid into the brain. _

However, all these problems have not
been sufficiently studied. Therefore, when
something paradoxical is encountered, con-
fusion results among the ranks of some
gullible researchers who deny all the knowl-
edge that was obtained with great diffi-
culty about a rational diet. For example
it has been found that Eskimos, who con-
sume a large amount of meat and, corre-
spondingly, cholesterol, rarely suffer from
atherosclerosis and myocardial infarction,
although the connection between choleste-
rol and these diseases has been quite defi-
nitely established. It turns out that a certain
fatty acid, which possesses an antisclerotic
effect, circulates at a high concentration in
the blood of Eskimos, and the rate of ren-
dering the fatty acids harmless is increased.*

These two basic factors, i.e., the specific
individual features.inherent to each per-
son, which are not taken into consideration
in the general approach to the diet, and an

* The incidence of myocardial infarction, diabetes
mellitus, and auto-immune diseases is reduced in
Eskimos and this is associated with the specific
gerietic features that arise in a separate human
population that has been isolated from others for
almost 5000 years. Longevity, observed among
some nations (e.g., in the Caucasus), is also,
apparently, associated not so much with the life-
style as with the genetic (and biochemical) factors.

22%
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as yet insufficient amount of data, result
in the fact that the standard diet is not
a means that can help in all cases. But one
should not forget abouy the additional
years of healthy life that are provided by
a modern diet, or, to be more precise, by
a rational life-style.

It should also be remembered that the
standard diet is intended mainly to de-
crease the accumulation and utilization of
fatty acids as fuel. But not everything that
is useful for preserving one’s health is
determined by rational nutrition. The life-
style is just as important, because, as was
stated by the ancient Greeks, we eat to
live, but we do not live to eat.

An acrimonious person, who gets irritated
with or without good reason, may experience
greater shifts in metabolism than a good-
natured gourmet. And one who finds satis-
faction in the rational control of one's
requirements benefits the most. Once, a
philosopher who was visiting a friend whom
he found living in luxury said, “How many
things there are that I don’t need”.

But one who has been able to follow this
principle also requires satisfaction in work.
For this reason one should oot place so many
hopes on yoga: it is not only a system of
sensible exercises; it is also a philosophy
directed at the study of one’s self, and this
personal position is impossible in modern
society. On the other hand, sound auto-
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genic training, whose purpose is to teach
one to control one’s emotions, is undoubt-
edly useful if we recall the role of stress
in the development of diseases.

In addition to diet and mental hygiene,
physical activity, with emphasis on quality
rather than intensity, is the third require-
ment for counteracting age-related diseases.
There is a “limiting link” in metabolism
that cannot be overcome by physical activ-
ity alone, or by a rational diet alone: both
must be engaged in simultaneously.

One must engage in rather intense phys-
ical activity that ideally corresponds to
the training regimen of middle- and long-
distance runners: for this reason it is
rarely applied in everyday life. But many
modern systems of “physical training for
everyone”, which are based on walking or
running, are quite effective. It is amazing
that the metabolic index in a 70-year-old
man can be improved in four to five weeks:
this has been demonstrated by a series of
well-controlled studies.

At the same time, physical activity is
something that must be engaged in daily.
However, “running from infarction” should
be sanctioned by an experienced doctor.
“Running from infarction” is, apparently,
also equivalent to “running from cancer”
because the content of a-cholesterol (high-
density lipoproteins) increases during in-
tense physical activity: this is a factor that
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plays a protective role in regard to meta-
bolic immunodepression, atherosclerosis,
and, possibly, cancer.

Finally, the struggle with so-called harm-
ful habits, including passivity of thinking,
must also be addressed. One of the most
adverse effects of aging on the organism is
due to one’s idea of aging. Concepts about
aging from the last century continue to
haunt us in this respect. It is high time to
recognize that social progress has not only
extended the human lifespan, it has also
called for a reconsideration of what the
chronology of age and old age means.

In the past century a writer could write,
“An elderly man of fifty entered the room.”
In the twentieth century even an inexperi-
enced young writer would hardly find it
possible to write anything like that. How-
ever, in reality people who are between the
ages of fifty and sixty frequently consider
themselves to be old. This must be recon-
sidered! The extension of the active period
of life should be supported by a change in
the psychological ~assessment of the “age
labels”: this in itself will serve to extend
the lifespan.*

* The formation of one’s attitude toward retire-
ment also belongs in this category. This process
is more harmful and threatened more by the
development of diseases in men than in women,
especially after the second year of retirement.
Thus, it is necessary to psychologically prepare
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As far as harmful habits are concerned,
one very nice lady once said to this author:
“You doctors are mistaken when you try
to frighten us by saying that smoking
is dangerous and even life threatening.
People are brave by nature; therefore it is
better to say that smoking ruins the colour
of your face, or makes you less attractive.”

Nevertheless, there is something to fear
in smoking. According to 1980 statistics
from France, if the risk of cancer in non-
smokers and nondrinkers is taken to be
equal to unity, then in drinkers who do not
smoke, it is 1.23; in smokers who do not
drink, it is 1.53; and in smokers who do
drink, it reaches 5.71.

Almost 90% of the cases of cancer of the
lungs is attributed to smoking. (Certainly,
it does not develop in every smoker.
A high level of cholesterol in the blood
intensifies the harmful effect of smok-
ing.) Smoking also increases the incidence
of cancer of the larynx, pharynx, oesopha-
gus, urinary bladder, and liver. A nonsmok-
er inhales about 2.3 mg of ash per hour
when staying in a room with a smoking per-
son (this is called passive smoking).

Many people believe that smoking helps
to lose one's weight. Frequently, this

oneself for this period at the proper time by,
first of all, determining the possible types of
work (or occupation) that one could engage in
during retirement.
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is really the case, but the method itself is
faulty because nicotine intensifies the utili-
zation of fat as a fuel but does not prevent
the accumulation of fat, i.e., it has the
same effect as aging, increasing the “turn-
over” of fat with all the ensuing conse-
quences. Excessive coffee and tea render a
similar effect on the organism, though the
fat-mobilizing factor in this case is caffeine.

According to contemporary data, coffee
contains a series of carcinogens and muta-
gens (agents that induce mutations). There
are some preliminary data, though not yet
confirmed, that indicate that the incidence
of cancer of the ovaries, urinary bladder,
pancreas, and large intestine increases in
people who drink large quantities of coffee.

Smoking, or the act of smoking, how-
ever, calms down many people and this
aspect of the problem needs to be seriously
studied (with consideration of the role of
morphine-like hormones that partially form
in the brain from the fat-mobilizing hor-
mones of the pituitary gland).

Alcohol presents a more serious problem,
Apparently, ethyl alcohol stimulates the
formation of similar hormonal derivatives
in the brain, which exert a peculiar effect
on the nervous system. This is the first
hazard because alcoholism develops in some
people who are genetically predisposed to
an increased formation of these hormones.
Alcohol also contributes to the onset of
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cancer. There is a greater susceptibility to
cancer of the oral cavity, oesophagus, stom-
ach, larynx, and less of the liver. Alcohol
also reduces sexual potency in men. It can
cause mental and physical disturbances
in the development of the fetus during
pregnancy. It contributes to the de-
velopment of hypertension in many
people.

The author hopes the reader will not be
surprised by the fact that even excess sun-
light (e.g., in the South) can be harmful
because illumination intensifies hypothalam-
ic activity. A very obvious case is in-
cubator chickens, which are “accelerates”.
Excess sunlight accelerates aging, and in-
creases the incidence of cancer of the skin
and melanoma (especially in fair-haired
people).

To the point, the problem of acceleration
precisely helps to explain why one cannot
arbitrarily choose a certain age, e.g., 40-
45 years, as the time to start prophylactic
measures. In reality a full cycle of pro-
phylactic measures, beginning with child-
hood, and paying special attention to the
period of pregnancy and other periods must
be developed. And what is more, every-
thing that happens during pregnancy great-
ly depends on the state of the female organ-
ism prior to the onset of pregnancy, i.e.,
there is a closed cycle of causes and conse-
quences, consequences and causes, and the
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entire cycle should be the object of medical
observation.

It would be incorrect, however, to state
that at a certain age it is too late to carry
out treatment: aging is a disease of regu-
lation and, therefore, many aspects of it
can be subjected to treatment.

The measures recommended by modern
medicine to prevent accelerated aging and
the diseases linked with it are directed
mainly at preventing the surplus accumu-
lation of fat and its excessive utilization
as fuel. This is the role of the campaign
against overeating, insufficient physical
activity, stress, and overconsumption of
coffee, nicotine, and other stimulants of
fat mobilization.

Diet can limit the defects caused by dis-
turbances in regulation but it is unable to
eliminate them completely. For this reason,
it is extremely important to elaborate a
theory that would determine the search
for new ways and means of action.

In essence, a lot could be attained in the
light of the concept considered if it were
possible to ensure the use .of preparations
that would act only in certain ways: 1) raise
the sensitivity of the hypothalamus to regu-
lating signals; 2) decrease the production of
insulin and of the main stress hormone,
cortisol; 3) increase the production of such
hormones as etiocholanolone, dehydroepian-
drosterone, and androsterone by the adre-
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nal cortex; 4) decrease the cholesterol con-
tent in the cell membranes, and 5) suppress
the appetite by restoring the level of
neuromediators in the hypothalamus. It is
no joke that in the latter case everyone
would gain (we really all burn down in the
flame of our own fat). Society as a whole
would also benefit because the food require-
ments would decrease by about one-third,
and their production would be simplified.

All that has been stated above can be
illustrated by several examples.

The experiments of R. Good and co-work-
ers where a food ration for particular
strains of mice was reduced from 16 to
10 kilocalories per day were already men-
tioned. The incidence of cancer decreased
and the lifespan increased.

Similar strains of mice were used in
experiments at the laboratory of endo-
crinology of the Scientific Research Insti-
tute of Oncology in Leningrad. The initial
state of the animals in both laboratories
was practically the same. The maximal
lifespan of the mice in Good's laboratory
was 600 days, while in our laboratory it
was 641. While setting no restrictions on
the food ration, and by only administering
the .antidiabetic preparation phenphormin,
we were able to extend the average lifespan
from 450 4 19 days to 555 + 32 days, i.e., by
25%. The incidence of cancer decreased
from 80% to 20%, i.e., fourfold (Fig. 9).
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Phenytoin (an anticonvulsive drug),
which possesses the ability to reduce the
production of insulin and cortisol, also
extended the lifespan of the animals and
reduced the incidence of cancer. :
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Fig. 9. The effect of phenphormine on longevity
and breast cancer incidence: 1—control mice;
2—mice treated with phenphormine; 3—breast
cancer incidence in control mice; 4—breast cancer
incidence in mice treated with phenphormine.

A similar influence on the development
of certain age-related diseases and on the
lifespan of animals has been found in epi-
thalamine, which is extracted from the
pineal gland. The choice of these prepara-
tions is based on the fact that, according to
this author’s concept, the key mechanisms
of aging and the diseases linked with it are,
on the one hand, an elevation in the hypo-
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thalamic threshold to the regulatory sig-
nals, and, on the other hand, those second-
ary hormonal-metabolic shifts that in the
final end cause the intensive utilization of
fat instead of glucose as fuel. These prep-
arations act on the key mechanisms in-
dicated above*.

In addition, preparations that are deriva-
tives of protein hormones, i.e., “anahor-
mones” (“ana” indicates negation) were ob-
tained in the experiment. The author uses
this term to designate derivatives of pro-
tein hormones in which hormonal activity
has been eliminated by a chemical treat-
ment but one of the three properties of a
protein molecule has nevertheless been
preserved. The latter are: 1) the ability to
accumulate in the target-tissue, thereby
hampering the activity of the correspond-
ing natural hormone; 2) the ability to in-
duce the production of antibodies, which
neutralize the activity of the natural hor-

* Currently, the most interesting practical results
involve the possibility of improving immunity
by normalizing fat and carbohydrate metabolism
in middle-aged people (from 40 to 60 years of
age) who have an elevated content of triglycerides
and cholesterol in the blood and a decreased
utitization of glucose (which is observed in 60
to 70% of people of this age). The possibility of
detecting latent mental depression by means of
the dexamethasone test, and in some cases, of
reducing its adverse effect on the organism has
also arisen.
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mone; and 3) the ability to suppress the
production of the natural hormone by
negative feedback.

These three classes of anahormones have
been designated as anahormones-inhibitors,
anahormones-antigens, and anahormones-
competitors, respectively. In particular,
the former preparations inhibited the de-
velopment of cancer in the mice.

At the same time, there are good reasons
to anticipate better results if the diet and
means for normalizing the functioning of
aging mechanisms are combined. Alongside
“the ways stated above for normalizing the
regulatory (ontogenetic) mechanism of for-
mation of the major diseases, it is undoubt-
edly necessary to apply methods that
inhibit the metabolic element of aging and
the diseases linked with it (i.e., improve the
DNA-repair systems, decrease the probabil-
ity of impairment caused by free radicals,
etc.).

Thus, useful means of influencing the
aging process are gradually being found in
many specialized branches of medicine
irrespective of their current demarcation.
Nobody should be surprised by the fact
that medicines are transferred from the
sphere of pathology to the sphere of phys-
iology—aging—because “normal diseases”
are a continuation of development.

Also, one should not be surprised by the
fact that many of the preparations used by
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us have been known for a long time. Simply,
until the model of development and aging
that has been presented in these essays
was developed, pharmacology had never
been given the task of seeking for means
that could lower the hypothalamic sen-
sitivity threshold to regulatory signals.
But in medicine it frequently happens that
means are lacking until the goal is named
and the desired effect is formulated, and
then the necessary means are frequently
found among existing preparations that
have been used in medicine for quite differ-
ent purposes.

Certainly, it is difficult to predict how
effective the preparations used in an experi-
ment on animals will be in the case of
humans, and whether side-effects will be
revealed that prevent their systematic ap-
plication, although definite clinical results
are currently available. Work is still to be
done concerning this. However, we are
speaking here not of specific medical prob-
lems but of the possibility of rendering a
favourable influence on the course of age-
related processes.

Today, the significance of this problem
has increased owing to the progress of
civilization, which, having extended the
average lifespan, has simultaneously creat-
ed conditions for activating the inherent
mechanisms of aging and disease-formation.
We must interfere in this contradictory
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influence of civilization with no fear of the
unnaturalness of such an experiment. After
all for a century nature has been under-
taking its experiment on extending the
lifespan. During the years that have been
won back from death many people suffer
from serious diseases. Indeed, there is no
more time to wait, it is the time to act.



Chapter 17

On the Path to Integral
Medicine

To explain the identity of the metabolic
patterns observed in pregnancy, stress, nor-
mal aging and major diseases is the problem
that any theory of medicine is expected to
provide an answer to,

In science it is not the facts themselves
that are so important: it is their intercon-
nection, which establishes the causal and
consequential relations between them. In
essence, this is the beginning of scientific
generalization and of the integration of
uncoordinated facts into a system, i.e., not
simply the objects but the nature of the
objects and their meaning in the general
picture of nature are cognized.

It was comparatively recently that the
process of integration in medicine began.
In the nineteenth century the determina-
tion of individual diseases and their specific
features was a prevalent trend. This was
quite necessary because medicine could
not develop without understanding the
essence of each individual disease. Through-
out the previous centuries, dozens of
medical disciplines with the subsequent
subdivision of each one had developed
from the philosophy and medicine of the

23—0394
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ancients. The process of differentiation in-
tensified in the twentieth century. Special-
ists appeared who knew a lot about rather
limited branches of medicine but not about
the subject as a whole. This resulted in the
creation of specialized clinics. The whole
was lost in the plurality of details.

But simultaneously, along with differen-
tiation, arose the requirement for synthetic
ideas. One of them was the concept about
the leading role of disturbances in the
nervous system in the development of many
diseases. The classical works of I.P. Pavlov,
V.M. Bechterew, L.A. Orbely, P.K. Ano-
khin, and their followers made it possible
to determine the role of the nervous system
in a large group of diseases that are related
to disturbance of the nervous system, e.g.,
hypertension and ulcer.

At the same time, investigations under-
taken by A.A. Bogomolts and his school
introduced many new concepts explaining
the pathological significance of another
integral system of the organism: the reti-
culo-endothelial system, and then the im-
mune system. Based on such fundamental
studies, which cutlined the role of integral
functional systems in the development of
diverse pathology, it became possible to
search for a common system not based on
morphological indications but on the devel-
opmental mechanism of diseases with differ-
ent symptoms. For example, the hypotha-
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lamus combines the properties of nervous
tissue and an endocrine gland; therefore, to
understand hypothalamic pathology, it is
more important to determine how the func-
tional state of the hypothalamusis associat-
ed with the onset of a disease than to classify
it as a nervous or endocrine disease.

This functional association represents a
very important step forward in the develop-
ment of medical knowledge. Lang’s con-
cept of hypertensive disease as a certain
hypothalamic pathology had a significant
influence on the development of concepts
about many other diseases, including onco-
logical ones.

Another major generalization was made
by H. Selye on the diseases of adaptation
(see Chapter 2). Examining the organism’s
reaction to various infections and damages,
Selye focussed on the common symptoms
that are characteristic of many diseases
rather than on their specific features. The
common manifestations in diseases of vari-
ous origin led to the idea of searching for
common mechanisms of their origin. Thus,
it gradually became clear that the mecha-
nisms of protection (adaptation) against
damaging factors can lead to the onset of
diseases of adaptation. This group of diseases
is characterized by various manifestations
that are united by a common mechanism
of functioning and disturbance of the orga-
nism’s adaptational systems.

23w
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Today, however, even such a large func-
tional division seems insufficient. In addi-
tion, it attributes a dominating role to exter-
nal factors in the development of the major
human diseases, which in many aspects is
incorrect. More successful has been the
attempt to view the organism as a system
consisting of three supersystems that deter-
mine the basic functions of a living orga-
nism, i.e., the energy, adaptational, and
reproductive -homeostat, taking into con-
sideration the fact that these three super-
systems interact with one another. The
following example illustrates this by de-
scribing a series of events within the frame-
work of the integral model of interaction
of the three homeostats.

Let’s assume that a stress reaction emerges
as a result of a word or phrase. This
reaction, if it is sufficiently expressed, in-
volves all the systems of the organism, from
the brain to the genes in each cell of the
body. For example, a word said with nega-
tive emotion is perceived via the auditory
organ by the cerebral cortex. The infor-
mation is then transmitted by signals to
the subordinated departments: the limbic
system and the hypothalamus. The activity
of the hypothalamus increases and the orga-
nism’s metabolism changes: in particular,
the cholesterol concentration in the blood
rises. Thus, the process, which was initiated
by a word, consecutively involves the endo-
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crine system and the tissues of the body,
such as the liver where cholesterol is syn-
thesized. The surplus cholesterol that cir-
culates with the blood is supplied to the
membranes of the cells, i.e., the internal
environment, whose constancy as a con-
dition of life was stated by C. Bernard, is
disturbed. This thesis also applies to the
tissues, which require the same degree of
constancy as does the internal environ-
ment of the organism. But the surplus
cholesterol that enters the cells (initially
the plasma membrane), such as the lympho-
cytes, disturbs their functioning. In par-
ticular, it decreases their capacity for divi-
sion by limiting the synthesis of deoxyribo-
nucleic acid (DNA). In turn, this may in-
duce diseases such as metabolic immuno-
depression. This is an example of true
unity of “body and spirit”, an example of
the actual integrity (unity) of the orga-
nism, its physiology and pathology, normal
and disease states, which is inevitably
destroyed in the surpnsmgly fme special-
ization of modern medicine.*

In real conditions, the work of all the
systems of the organism is coordinated
* In light of this example, the mechanism of
.metabolic immunodepression (in which an essen-
tial role is played by the accumulation of choleste-
rol in the plasma membrane of lymphocytes) as
a variant of pathophysiological membrane shifts

that form the picture of aging and the diseases
linked with it must be considered,
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and their activity preserves the constancy
of the internal environment, i.e., homeo-
stasis. The concept of homeostasis itself
originated owing to the fundamental works
of C. Bernard and W. Cannon (at the end
of the ninteenth and beginning of the
twentieth centuries). They clarified the
conditions that are necessary for the exis-
tence of the organism, and explained the
mechanisms for maintaining stability
in it.

At the same time, owing to the fact that
development of the organism requires a
disturbance in the stability, mechanisms
that ensure deviation of homeostasis also
exist. But, since the side (undesirable) ef-
fects of this deviation accumulate very grad-
ually after the end of the growth, they are
most vivid in the aging organism. For this
reason, a new integral association has
appeared based on the study of the mecha-
nism of aging, though it is not restricted
only to the events occurring during this
period. At different stages of constructing
this integral model, various definitions of
its tenets have been suggested. Let us dis-
cuss them briefly in order to show that,
although much has been corrected in accord-
ance with the new data and the general
development of biology and medicine on the
whole, in actual fact the trend of thinking
has not changed.

This author first suggested that changes
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in the activity of the hypothalamus play a
certain role in the mechanism of aging,
especially as far as age-related diseases are
concerned, and these changes were deter-
mined to be due to an increase in the activ-
ity of the hypothalamic centres (V. Dil-
man, 1956, 1958). The proposition that
there is an age-related elevation in hypo-
thalamic activity preserved its significance
for the changes occurring in the reproduc-
tive homeostat (Chapter 5). In 1968, this
position was corrected based on the fact
that the elevation of the hypothalamic sen-
sitivity threshold was ascribed to the action
of regulatory homeostatic signals. This
more accurately characterizes the changes
in the adaptational and energy homeostat
(Chapters 4, 6-8).

Soon after, B. Stoll (1972) suggested that
the decrease in the concentration of neuro-
mediators directly induced the elevation
in  the hypothalamic threshold, and
C. Finch (1973) explained that the rate of
formation of one neuromediator—dopa-
mine—slowed down during aging. In 1976
this scientist made an interesting attempt to
explain this phenomenon by the impairing
influence of peripheral hormones, in par-
.ticular, hormones of the adrenal cortex,
on the central structures of the brain, in-
cluding the hypothalamus (cascade theory
of aging). Subsequently, the association
between the  decrease in the concentration
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of neuromediators in the hypothalamus,
first and foremost dopamine, and the ele-
vation in the hypothalamic threshold of
the reproductive system was established in
our laboratory by means of pharmacological
analysis. In 1974, G. Cotzios and co-workers
achieved an extension in the lifespan of
rats by administering L-dopa, the precursor
of dopamine. At the same time, L. Labori
(1975) made an attempt to combine the
regulatory theories of aging with cell theo-
ries, paying special attention to the role of
intracellular managers of hormonal activ-
ity, viz., cyclic adenosine monophosphate
(AMP) and cyclic guanosine monophosphate
(GMP), and in particular, to how the syn-
thesis of these mediators is dependent on
the metabolism.

Later, G. Roth (1982) demonstrated that
during aging the number of hormone recep-
tors, e.g., receptors of corticosterone (or
cortisol), decreases in different parts of the
brain, in particular, in the hypothalamus.
These changes cause disturbances in the
regulatory mechanisms, in particular, a
decrease in the sensitivity of cerebral struc-
tures to regulatory (hormonal) signals.

Thus, certain concepts about the factors
that alter the hypothalamic feedback mecha-
nisms during ontogenesis currently exist.
On the whole, however, the primary reasons
for this phenomenon are not yet clear;
therefore, it is necessary to operate with
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some fundamental propositions, which can
be summarized as follows.

Nature functions through common laws
whose dialectic essence is not always obvi-
ous. As applied to the. problem discussed
in this book, these are the laws of develop-
ment. On the other hand, the existence of
the organism itself depends on the mainte-
nance of equilibrium and stability at the
expense of both the inflow of energy and
building substances and the activity of the
systems in the organism that ensure the
regulation of this inflow. This thesis has
been reflected most fully in the law of
C. Bernard, according to which the free
life of the organism is possible only on
maintaining the constancy of the com-
position of its internal environment.

At the same time, this fundamental law
is incompatible with the developmental
requirements of the organism because con-
stancy prohibits development. Therefore,
if the condition of life is stability, then,
equally, the condition of development is
the programmed disturbance of stability.
Alongside the law of constancy in the orga-
nism’s internal environment is the law of
deviation of homeostasis, or, to be more
precise, both these laws reflect the unity of
opposites that ensures the development and
existence of a developing living system.

In other words, the law of constancy of
the homeostasis and the law of deviation
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of homeostasis are two manifestations of
one common law. After this author formu-
lated the law of deviation of homeostasis
between the years 1979 and 1981, the in-
tegral model of development, aging, and
age-related diseases obtained its modern
form, and the range of phenomena it de-
scribed greatly expanded. Let us now dis-
cuss some direct consequences that follow
from the new integration of facts. To do so,
we must imagine a situation that is not
very realistic.

A 56-year-old woman enters the clinic’s
reception room, which is divided into
several booths. Each booth is occupied by
a doctor, who is a specialist in only one,
although wide-ranging, medical speciality.
The patient has brought the results of
laboratory tests. The doctors have to deter-
mine whether or not she is ill, and if she
is, then with what. But although each of
these specialists knows everything in his
or her own particular field, he or she knows
very little about other fields. In theory,
this situation is not unrealistic if we take
into account the fact that one good book
on diabetes mellitus alone was written by
51 authoritative specialists. The division
or differentiation of science can reach even
such limits.

Thus, the patient enters the first booth
where she finds an endocrinologist. Accord-
ing to her test results the doctor determines
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that she is suffering from diabetes mellitus
and assigns her to the endocrinological
department for treatment (Table 9). But

Table 9. Cancer of the Uterus: an Integral Disease
Case

Type of disturbance

Frequency of occurrence

DO ==

10.

1.

. Dexamethasone

. Metabolic

. Auto-immune

. Hypertension
. Obesity (deviation of

body mass from ideal,
0,

Increase in triglyce-
ride and cholesterol
level in blood

A of menopause

(climacteric)

. Climacteric bleeding

test
(hyperadaptosis,
mental  depression,
cushingoid features)
immuno-
depression

pro-
cesses

. Birth of a large fe-

tus; 4 kg and more
(acceleration of de-
velopment)
Diabetes
(subclinical,
and obvious)
Decrease in blood
growth hormone level
after glucose load

mellitus
latent,

Approximately 40%
219-729%

64.19%

51.9 years (49.5 years
in controls)
27.7%-59% (14% in
controls)

18% decrease in blood
cortisol level (45% in
controls)

In majority of patients

259, (6.89% in controls)

50% (17.7% in con-
trols)

639%-73% (20% in con-
trols)

6% (11% in age-adjust-
ed controls, 50% in
young adults)
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since the patient had to be examined by
all the specialists, at the conclusion she had
received assignments to ten different specia-
lized departments.

The general practitioner insisted on treat-
ing hypertension and also recommended
metabolic therapy because of the patient’s
obesity, and treatment for heart problems
because of the high level of triglycerides
and cholesterol in the blood, which is a
risk factor for atherosclerosis. After a lot
of trouble the gynecologist discovered a
late climacteric in the patient (at the age
of 56, 6 years later than the average).and,
at the same time, early switching on of the
reproductive cycle. The patient was as-
signed to a gynecological clinic because of
climacteric bleeding (which in the course
of several years started and stopped sponta-
neously).

The psychlatnst quite reasonably suspect-
ed the presence of latent mental depression
(Chapters 4 and 11) after observing the de-
crease in sensitivity to the action of dexa-
methasone. An immunologist also participa-
ted in this perfect medical examination, and
immediately made two diagnoses: metabol-
ic immunodepression, and, possibly, auto-
immune affection of the thyroid gland.

The pediatrician was worried by the fact
that thirteen years before the woman had
given birth to a baby whose weight was in
excess of 4 kg. Having studied accelerated
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development, he had frequently observed
this phenomenon, i.e., the combination of
a late birth with a large fetus. He suggested
that the patient and her daughter should
consult a specialized pediatric department
for a diet for the girl that would prevent
obesity, which is one of the symptoms of
accelerated development and which in-
creases the probability of an earlier onset
of certain diseases (Chapter 14). In contrast
the gerontologist found indications of early
aging in the patient because almost all of
the test results exceeded the so-called age
norm.

In the final end, the patient was hospi-
talized with a diagnosis of cancer of the
uterus body, which was determined by the
oncologist. ‘

The oncological surgeon correctly decided
that an operation was necessary. But the
anaesthesiologist had to temporarily post-
pone the operation. Being a good specialist
he knew that obese patients (who also have
symptoms of diabetes mellitus) reacted
worse to surgical intervention. In addition,
the presence of hypertensive disease, the
changes in the ECG (indicating atherosclero-
sis of the cardiac vessels), and, especially,
the depressed mood of the patient (symp-
toms of mental depression) put the anaes-
thesiologist on guard. The postoperative
period is more difficult in such patients:
thrombosis of the blood vessels is more
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probable and complications frequently ap-
pear during healing of the surgical wound.
The level of prolactin also sharply rises
in the blood of these patients during the
operation and this may induce a progres-
sive tumorous process. For these reasons
a consultation was convened including all
the specialists.

Buyt, unfortunately, each specialist sug-
gested his own method of treatment. In
other words, each of the ten diseases found
by this thorough examination was consid-
ered separately. Just a glance through this
book will already have informed the rea-
der that this approach is highly incor-
rect.

The previous chapters dealt with mecha-
nisms that participate in the development
of all these diseases and have many common
features. This relationship is most clearly
revealed by the signs that characterize com-
mon normal aging. Knowing this the onco-
logist turned to the endocrinological labg-
ratory of the institute where they tried to
find everything that related the ten major
diseases with one another and with normal
aging of the organism. Let’s conditionally
call the doctors of this laboratory doctor-
integrators.

The head of the laboratory first of all
focussed attention on the test that demon-
strated an insufficient decrease in growth
hormone (the main fat-mobilizing hormone)
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in the patient’s blood after the intake of
glucose. There was an insufficient decrease
in the blood cortisol level (the basic stress
hormone) after the intake of dexamethasone
(Table 9).

The reasons why these disturbances in-
duce a shift in the organism towards in-
tensification of the fat-based supply of
energy and why this shift contributes to the
development of the major human diseases
was discussed in previous chapters. In
addition, a disturbance in the adaptation
system induces hyperadaptosis (which was
confirmed by the results of loading with
dexamethasone), as a result of which the
organism must endure the burden of anti-
stress protection, although it is not needed.
And to protect oneself without need means
to accelerate aging and to weaken the adap-
tation potential to real damaging factors
when it is required.

According to the doctor-integrator, these
disturbances were the initiating mechanism
that led to the development of the totality
of diseases in the patient. For this reason
he transferred the data from the bottom of
the. list in the table to the beginning. Sum-
ming up the contents of this book, let’s
examine the mechanism of disease inte-
gration by the example of our patient
(Table 10).

A change in the hypothalamic sensitivity
threshold in the energy homeostat system,
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Table 10. Hormonal and Metabolic Changes in
Pregnancy, Aging, Stress, and “Normal Diseases”

Index Nor-
,‘,’;ﬁﬁ; Aging | Stress rgiz;l.
Phenomenon eases”
Decrease in hypotha-
lamic neuromediators |- -+ + +
Cortisol -+ + + | +
Growth hormone +* | + +
Insulin + + - +
Glucose 4 + + +
Gonadotropins e | - +
Thyroid hormones -+ — - -
Fatty acids + + + +
Cholesterol 4 + + +
Triglycerides 4+ + + +
Thrombogenesis + + + +
Cellular immunity - — - -
Favourable effect of
phenphormin on fat
and carbohydrate me-
tabolism + + ? +

Note: 4 rise; — decrease; * placental growth hormone;
*# decrease as obesity develops; #*** chorionic gonadotro-
pin.

which was manifested by the insufficient
decrease in the growth hormone level in
response to the glucose load, is precisely
the disturbance that may cause decreased
glucose utilization by the muscular tissue,
i.e., prediabetes, and frequently type II
diabetes mellitus. The glucose that is not
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used by the muscular tissue transforms
into fat. Thus, diabetes mellitus is followed
by obesity, the second major human disease.

The absence of a decrease in the blood
cortisol level after dexamethasone loading
is also a result of hypothalamic disturbances.
It has been stressed many times in this book
that in the process of aging (alongside
general obesity), unusual adiposity of main-
ly the face (moon-like face) and trunk arises,
while accumulation of fat on the hands and
feet is less expressed. This type of obesity
is characteristic of a rather rare disease—
Itsenko-Cushing’s disease. But in a less
conspicuous form this complex is character-
istic of normal aging. Thus, another
(fourth) “normal disease” —hyperadaptosis—
develops (Chapter 4).

But, let us recall that the psychiatrist
also noticed the unusual results from the de-
xamethasone loading. These led him to con-
clude that a fifth disease was present: latent
mental depression. The fact is that the de-
crease in hypothalamic sensitivity to the
inhibiting effect of dexamethasone is con-
ditioned by a decrease in the concentration
of neuromediators (dopamine and serotonin)
in certain structures of the brain. This
.causes mental depression.

In addition, a decrease in the concentra-
tion of neuromediators increases the appetite
and, correspondingly, induces obesity. This
mechanism of the development of obesity

24—0394
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is taken into consideration by pharmacolo-
gists, who are working out ways of suppress-
ing the appetite on the basis of substances
that elevate the level of neuromediators in
the hypothalamus.

Finally, the mechanism of the age-related
switching-off of the reproductive function
in the female organism is also linked with
the decrease in the concentration of hypo-
thalamic neuromediators. Thus, the cli-
macteric—the sixth “normal disease” —devel-
ops in the integral mechanism (Chapter 5).
For this reason, the gynecologist also had
something to think about. The climacteric
had already started in the patient by the
time of the consultation. But since the
climacteric mechanism is associated with
an age-related elevation in the hypothalam-
ic threshold in the reproductive homeo-
stat, and patients with cancer of the uterus
body demonstrate intensified aging, it is
natural that in this disease the hypothalam-
ic shifts in the reproductive homeostat
are more expressed than usual. Indeed, it
turned out that the patient’s menstrual
cycle had started at the age of eleven, which
is an indication of accelerated development
conditioned by early hypothalamic shifts
(Chapter 14). There is also no contradiction
between this indication of accelerated
development and the fact that the reproduc-
tive cycle ceased functioning later than
usual in the patient. If the hypothalamic
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threshold to inhibition is elevated, then the
hypothalamo-hypophyseal system, which
is not held back by a reliable “brake”, in-
tensifies its activity. Indications of in-
creased stimulation of the sexual glands,
which is manifested in particular by climac-
teric bleeding, are found in the case of
cancer of the uterus body.

However, despite the fact that function-
ing of the reproductive system in the patient
was intensified, she did not conceive for a
long time after marriage. Thiscan apparent-
ly be explained by disturbances in ovul-
ation because the more clearly the hypo-
thalamic shifts are expressed, the worse
this mechanism functions (Chapter 5). Thus,
doctors have established that sterility (tem-
porary or permanent) occurs during the
reproductive years in 40% of women ill
with cancer of the uterus body.

A decrease in the concentration of hypo--
thalamic neuromediators occurs regularly
during aging and, therefore, aging combines
so easily with obesity, prediabetes (type 11
diabetes mellitus), the climacteric, hyper-
adaptosis, mental depression (in its obli-
terated form), and hypertensive disease
(or, more precisely, a gradual rise in arte-
rial pressure). The combination of all six
of these diseases can be truly observed in
60 to 70% of patients with cancer of the
uterus body; this.indicates that they show
signs of accelerated, intensified aging.

2%
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Thus, the factors that determine such a
complex picture of disease as in the case of
our patient integrate and gradually become
apparent. All the listed above deviations
are interrelated and united by one common
element: the hypothalamic changes that
are conditioned to a significant extent by
the increasing deficit in hypothalamic neuro-
mediators during aging.

But on the point of this “hypothalamic
pivot” there is a metabolic group of diseases
that is directly or indirectly strung. No
special explanations are required if we
recall the role of the hypothalamus in in-
‘creasing the appetite and, correspondingly,
inducing obesity (Chapters 6 and 7). The
shift to intensified utilization of fat as
fuel (which is characteristic of obesity) is
increased by changes in the adaptational
system, wherein the disturbances are re-
sponsible for the onset of hyperadaptosis.
Meanwhile, obesity as well as hyperadapto-
sis contribute to the development of diabetes
in obese people. This influence is easily un-
derstood if we recall that carbohydrates
burn poorly in the flames of fat (Chapter 8).

The initial stage of this type of diabetes
(as well as prediabetes asseciated with nor-
mal aging) is not characterized by a de-
crease in the blood insulin concentration; on
the contrary, it is distinguished by an in-
crease. The surplus of insulin in the blood
together with the surplus of glucose sup-
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ports the state of obesity, creating a vicious
circle from which the organism is unable
to escape without treatment.

As a result, patients often demonstrate
an elevated concentration of fatty acids,
triglycerides and cholesterol in the blood:
these are the same changes that are charac-
teristic of patients with atherosclerosis.
This is the reason why the cardiologist
established that disturbances in the cardiac
activity were developing in our patient,
while the anaesthesiologist apprehended
the onset of thrombosis of the vessels in the
postoperative period. Indeed, it is known
that an elevation in the blood cholesterol
level causes an increase of cholesterol in the
thrombocytes. This sharply increases their
capacity to aggregate with one another as
occurs during stress when the organism
shifts to the fat-based energy supply. When
the thrombocytes aggregate, they release
hormonal growth factors, and, if there is
an excess of these factors, the development
of atherosclerosis is stimulated (Chapter 9).
Thus, the seventh disease of the ten major
diseases arises: atherosclerosis.

Finally, all these changes in the con-
centration of glucose, insulin, fatty acids,
- and cholesterol suppress the cellular im-
munity (metabolic immunodepression).
Thus, the immunologist was quite correct
to insist on assigning the patient to a hospi-
tal because of the eighth disease (Chapter 9).
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As is known, humoral immunity is sti-
mulated (or distorted) with a decrease in
cellular immunity. This causes the accu-
mulation of antibodies against one’s own
cells as if the latter had become “foreign”.
Thus, with age there is an increased prob-
ability of the onset of the ninth major dis-
ease, which manifests itself in many ways
in the so-called auto-immune diseases that
either occur without any symptoms, or
affect the tendons and joints, or, as in the
case of our patient, reveal themselves by
the increase in antibodies acting against
the thyroid gland.

In addition, our patient suffers from the
tenth disease: cancer of the uterus body.
This is no surprise. The metabolic distur-
bances described above induce a state of
cancrophilia, which increases the prob-
ability of the onset and progressive develop-
ment of cancer (Chapter 10).

It is also quite probable that these meta-
bolic shifts (first of all, the increase in the
blood cholesterol level) prevent the repair
of DNA, i.e., the elimination of mutations
and other impairments of the genetic sys-
tem, which activate cellular oncogenes
(Chapter 10).

Thus, the same mechanisms are respon-
sible for all of the ten major diseases of the
middle-aged and elderly. These diseases are
so closely interrelated that it is natural
to ask the following question: are there
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really ten individual major diseases, or is
there one integral disease with ten major
symptoms?

It is precisely the latter circumstance
that created such an unusual situation when
different specialists examined our patient.
In reality, they met with manifestations
of the mechanism of disease development
that is uncommon in traditional medicine
and that this author has called the ontoge-
netic model (Chapter 12). In light of the
concept of the ontogenetic model of devel-
opment of the major human diseases they
should all, with a certain degree of expres-
siveness, arise with increasing age, creating
the multiplicity of age-related diseases,
because the mechanism of development of
the organism is at the base of each one,
and each major disease is a by-product of
the realization of this mechanism.

The integration of the major human
diseases is not something that researchers
have thought up: it lies at the very essence
of the phenomena. The researcher can only
study the mechanism of integration, or, if
captivated by individual profound problems,
may not observe their interrelationship.
But it is now clear that the integral ap-
- proach allows one to search for an explana-
tion of the interrelationship between all
these diseases, and that as a result of this
approach it is possible to indicate three
new diseases, i.e., metabolic immunodepres-
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sion, cancrophilia, and hyperadaptosis,
which earlier had been masked from medi-
cal analysis by the elusive borders of the
transitions from one disease to another.
The first consequence of the integral model
of medicine is the description of the inter-
relationship of the mechanisms of the
major diseases.

Certainly, for practical purposes it is
currently necessary and useful to isolate
“ten individual diseases from one integral
disease. But, to understand the essence of
the phenomenon, one should not forget that
this demarcation is conditional. The es-
sence is demonstrated most clearly by the
example of the most universal disease—
aging. To a certain extent aging is always
characterized by nine major diseases. In
addition, aging increases the risk of cancer.
In a certain sense it is possible to agree
with the statement that four out of every
five people simply do not live to the age
of their “own cancer” because other major
diseases claim their lives. Thus, aging can
be called the eleventh major disease: this
is the second consequence of the integral
model. But in the practical sense this
formulation is unnecessary, because if aging
runs normally, it does not cause any speci-
fic diseases and only exposes the major
ones.

In turn, the complex of phenomena that
are combined in the aging pattern is defined
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not only by the accumulation of impair-
ments caused by internal and external
factors, but also by the specific features
of the developmental mechanism of the
organism. In other words, not only the
major diseases, but also aging, is the by-
product of the developmental mechanism,
or, to be more precise, is the result of trans-
formation of the developmental mechanism
into the mechanism of aging and age-re-
lated diseases (third consequence).

At the same time, if the onset of the
major diseases should be related because
of unfavourable ecological and genetic fac-
tors to the class of random phenomena,
then the ontogenetic mechanisms inevitably
(because of a disturbance in homeostasis
which is characteristic of these mecha-
nisms) form the major diseases. Thus, in
the absence of random causes of diseases
and death, the onset of the major diseases
and the natural causes of death are the
result of regulatory disturbances. A very
important conclusion is comprised in this
fourth consequence: the possibility of coun-
teracting the factors that currently are the
cause of death in every 75 out of 100 people
who are middle-aged or older.

It would seem that objections could be
raised to this concept because not only
internal, but also many external factors,
are the direct cause of the onset of the
major human diseases, and it is possible
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to frequently observe the dominating influ-
ence of these external factors. But, as was
stated many times in this book, the exter-
nal factors that cause the major diseases,
in reality, accelerate the internal mecha-
nisms of their onset. For example, the
protection (adaptation) mechanism against
stressful and impairing factors of the exter-
nal environment can be realized if certain
hormonal and metabolic shifts are ensured.

In turn, these shifts can be maintained
during the time necessary to realize the
mechanism of protection only if the same
changes occur in hypothalamic regulation
that are also characteristic of the aging
mechanism. Therefore, accelerated aging
and age-related diseases are the price paid
for protection. On the other hand, the
factors that exert a similar effect on the
state of the hypothalamus, e.g., continuous
illumination, accelerate the aging process,
and, in contrast, any factors that increase
the hypothalamic sensitivity to the regu-
latory signals retard aging. The above dis-
cussion explains the fifth consequence of
the integral model and makes it possible
to combine the mechanisms of interaction
of the internal and external factors of aging
and age-related diseases into a single com-
plex.

When extending the list of consequences
of the integral model, it should be noted
that all the factors that contribute to the
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development of the major human diseases
also accelerate the development of the orga-
pism (Chapter 14). And what is more, if
accelerated development takes place in
a female organism and is not counteracted,
then aging is accelerated later on and the
earlier development of age-related diseases
is observed. In turn, there is an increased
probability that this woman will give
birth to a child with excess body mass,
which may cause accelerated development
in the next generation, and so on. In the
final end, this leads to an increased number
of people with accelerated development and
with untimely development of age-related
pathology in the population (Chapter 8).
This is the sizth consequence determining
the interrelationship in the integral model
between acceleration of age-related pathol-
ogy and accelerated development of the
organism.

Here we confront the following problem,
which is important from the practical
point of view. It is quite obvious that a large
fetus is a risk factor for the development
of cancer of the uterus body. Other risk factors
may include obesity, hypertension, and
diabetes mellitus: in essence, all the other
.indications characteristic of “normal dis-
eases”, especially if they do not arise isolated
but in combination with one another.
Based on these considerations, as far back
as 1973 this author substantiated the con-
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cept of metabolic epidemiology of cancer.
In particular, it is possible to gain a gener-
al idea about the anticipated incidence of
cancer in various regions by studying the
distribution of metabolic disturbances in
those regions of the country. As a result,
it is possible to elaborate measures to im-
prove the metabolism of carbohydrates,
cholesterol, and fat.

At the same time, in elaborating this
seventh consequence of the integral model,
attention should be focussed on the fact
that the same disturbances are also an
object of interest for the metabolic epide-
miology of atherosclerosis and diabetes mel-
litus. The incidence of these three diseases—
atherosclerosis, insulin-independent diabe-
tes mellitus, and cancer—increases grad-
ually with an increase in the influence of
various harmful factors on the human
organism (Chapter 11). Though the cardio-
logists, endocrinologists, and oncologists
still individually seek risk factors for these
three diseases, an attempt can be made to
determine their common risk factors on the
basis of the integral model.

This would be useful in many respects.
For example, cardiologists who study the
metabolic epidemiology of atherosclerosis
have progressed in comprehending the pro-
cesses more than other researchers. In
particular, they have paid attention to the
fact that an elevated level of a-cholesterol
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(or, more precisely, the level of high-densi-
ty lipoproteins) in combination with a
decrease in P-lipoproteins, protects against
the accelerated development of atheroscle-
rosis, which contributes to longevity. But,
it is advisable to determine these indices
in oncology as well. This becomes increas-
ingly obvious as epidemiological data accu- .
mulate on the role of surplus nutrition
and especially surplus animal fat and cho-
lesterol in the development of many types
of cancer.

At the same time, according to a series of
epidemiological studies, a low concentra-
tion of cholesterol in the blood (about
160 mg %, or 4.14 mmol/l) combines with
an increased incidence of cancer, especially
of the large intestine in males. On the basis
of these observations one can conclude that
there is some danger in decreasing the cho-
lesterol concentration by means of treat-
ment. However, it is not taken into con-
sideration that an initially low concentra-
tion of cholesterol after the age of 50 is in
itself an abnormal phenomenon because
there should be an age-related elevation in
the blood cholesterol level at this age. If
there is no elevation, it may indicate the
.presence of other (usually genetic) distur-
bances, which promote an increase in the
incidence of cancer (e.g., because of de-
fects in the immune system, or increased
excretion of cholesterol by the intestine).
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Similarly, an exceptionally high concentra-
tion of cholesterol in the blood (more than
350 mg %, or 9.05 mmol/l) is commonly an
indication of so-called familial hyperli-
pidaemia, a genetic disease characterized by
a lack of lipoprotein receptors that accom-
plish the transport of cholesterol into the
cell (Chapter 9). The incidence of cancer
can be reduced in these cases, apparently
because of the absence of metabolic im-
munodepression as a result of the insuf-
ficient transport of cholesterol into the
lymphocytes. In other words, according to
these criteria, one can divide the popula-
tion into three subpopulations, and the nor-
mal subpopulation (making up more than
85% of the population) is characterized by
a dependence between the age-related ele-
vation in blood cholesterol levels and the
onset of metabolic immunodepression, and,
consequently, an increase in the probabil-
ity of cancer development. Thus, for this
largest subpopulation it is necessary first
of all to attain an optimal concentration
of cholesterol in the blood with the help
of various methods (Chapter 16). In this
way, the -common risk factors and prin-
ciples of prophylaxis of the major human
diseases constitute the eighth consequence
of the integral model.

Examination according to the system
of the “Certificate of Health” is based on
this principle because only the ontogenetic
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model introduces the “counting-off point”
in the form of an ideal (or optimal) norm,
and a deviation from the latter leads to
the development of the major (noninfectious)
human diseases. This defines the ninth
consequence of the model under consider-
ation. Let’s return again to our patient. All
the specialists have assembled together at
the consultation, including the doctor-in-
tegrator. Currently, the hydroxyprogeste-
rone caproate-hormonal preparation is usual-
ly prescribed for treating cancer of uterus
body: it retards the division of cells in the
reproductive system and, at the same
time, transfers them to the path of normal
differentiation. However, a more complex
method of treatment has been chosen be-
cause the patient had not one, but a com-
bination of ten diseases.

At first, phenformin (or metformin) was
prescribed: it is an antidiabetic preparation
that improves the activity of the hypo-
thalamus, reduces the production of
gonadotropins, improves fat and carbo-
hydrate metabolism and, thereby, immu-
nological protection, normalizes coagulabil-
ity of the blood, and reduces the activity
of the adrenal cortex, which is high in
patients with cancer of the uterus. Then
‘hydroxyprogesterone caproate was prescri-
bed in conformity with the commonly
adopted scheme of treatment.

The tenth consequence of the integral
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approach is the use of preparations that
are commonly applied in other spheres of
medicine. The integral approach allows
the use of common means for treating var-
ious major diseases. The division into med-
ical specialities does not exist in the or-
ganism. There are common regularities
in the organism and they can be manifested
in various diseases. Thus, dietary restric-
tion and a proper diet are used when treat-
ing not only obesity, but also atherosclero-
sis, diabetes mellitus, metabolic immuno-
depression, and cancer.

Let’s now discuss the eleventh conse-
quence of the integral model. This con-
sequence is so important that it is first nec-
essary to consider some’ classical prob-
lems that emerged in gerontology almost
160 years ago. In 1825, B. Gompertz, a
British researcher, studied the dependence
between age and mortality. He found that
the probability of death with age rises
exponentially (i.e., in geometric progres-
sion). Contemporary statistics confirm this
dependence in the interval between the
ages of 30 and 80, wherein mortality
doubles approximately every 8 years. Figure
7 illustrates a typical situation, where the
most diverse reasons for death are subordi-
nated to a similar increase in the death
rate, first and foremost, death as a result
of the major (noninfectious) diseases. Nat-
urally, explanations for such a regular
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and vivid fact have been sought for
many years, including the modern period
of gerontology. Leaving aside the details
of this complex problem, which is com-
monly studied by mathematical methods,
we shall note only that it is usually ac-
cepted that Gompertz’s curve corresponds
to the situation when random variations
in the internal and external environment
of the organism are the direct cause of death.
This assumption is made to coordinate the
linear (gradual) age-related decrease in
the functions of the organism during aging
with the exponential (geometric) increase
in age-related mortality. It is believed
that death sets in when the homeostatic
systems in the organism are unable to re-
store equilibrium, which has been disturbed
by fluctuations in the internal and external
factors (B. Strehler, Time, Cells and Aging,
New York, Academic Press, 1977).

At the same time, it follows from the
ontogenetic model that the deviation of
homeostasis regularly increases and, there-
fore, random events (or fluctuations) can
define only the time, and not the cause, of
death. In addition, the exponential type
of mortality curve (which is commonly
-considered as an argument in favour of the
primary role of random factors in the
causes of death) can be defined in accordance
with the ontogenetic model by two cir-
cumstances.

25—-0394
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On the one hand, in any normal popu-
lation each physiological index, such as
the concentration of cholesterol (or low-
density lipoproteins) in the blood, is sub-
ordinated to normal (Gaussian) distribu-
tion. For example, one study demonstrated
that the blood cholesterol levels in school-
children between the ages of 8 and 16 range
from 120 mg% to 280 mg%. When ac-
cording to the law of deviation of homeo-
stasis, the gradual increase in this index
occurs, individuals with an initially high
cholesterol level will more quickly reach
the degree of disturbance in homeostasis
at which pathologic changes that are in-
compatible with life appear. Indeed, based
on observations carried out for many years
it has recently been established that the
blood cholesterol level in childhood large-
ly predetermines the value of this index
upon reaching middle age. Therefore, the
ever accelerating shift, at which the number
of individuals increases who reach the
limit disturbance in homeostasis, can de-
termine the nonlinear character of mortal-
ity increasing with age. Though the given
example considers the age-related “drift
of cholesterol”, it is -applicable for the
other indices of age-related deviation of
homeostasis, a deviation that induces the
major human diseases.

On the other hand, the increasing de-
viation of homeostasis and the development
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of hyperadaptosis in a greater number of
individuals (see Chapter 4) will lead to
inadequate (excessive) deviation of homeo-
stasis in the presence of a decreasing in-
fluence on the part of the external environ-
ment. In other words, the dependence of
mortality on external effects is defined not
only by the exponential distribution of
the fluctuations in the external disturbing
(impairing) factors from larger to smaller
ones in force, but also by the change in
the subject’s reaction from a less intensive
to a more intensive one, i.e., from a less
impairing reaction to an inadequate pro-
tective (adaptational) reaction that is in-
compatible with life.

These rather complicated concepts are
presented for the sole purpose of explain-
ing one of the most harmful prejudices that
has appeared in medicine as a result of
the incorrect interpretation of Gompertz's
curve. Let us return again to Fig. 7. Since
the probability of death doubles after the
age of 30 every 8 years irrespective of the
disease that caused it, the conclusion is
drawn that aging itself is the real cause of
death. This leads to the belief that if it
were possible to eliminate any one of the
. major diseases, this would negligibly reflect
on the average lifespan. For example, if
mortality as a result of tumours were elim-
inated, then the lifespan would increase
by two or three years. Indeed, if the mor-

25%
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tality due to tumours is deducted from the
total mortality, then the curve shifts slight-
ly to the right, which corresponds to a two-
or three-year increase in the average
lifespan.

Calculations indicate that the elimina-
tion of mortality due to atherosclerosis and
its complications extends the lifespan by
ten to twelve years, insofar as in this case
mortality increases as a result of cancer,
infections (because of metabolic immuno-
depression), stress (because of hyperadap-
tosis), traumas (because of carelessness, or
suicides associated with mental depres-
sion), or diabetes mellitus, in other words,
because of any other disease, as aging it-
self is the sum of diseases of homeostasis,
that reduce the resistance and enhance the
vulnerability of the organism.

But it follows from the ontogenetic
model of disease development that an in-
crease in the lifespan can be attained by
retarding the rate of the aging process it-
self because it is the ontogenetic model
of the development of the major human
diseases and only this model that links for
the first time the origin of the major hu-
man diseases with the organism’s devel-
opmental mechanism. This conclusion, ac-
cording to which it is necessary to slow
down the rate of aging in ordec to retard
the rate of development of the major dis-
eases, is the eleventh consequence of the
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integral model. In addition, the concept
of the ontogenetic model of the origin of
diseases explains why the successful treat-
ment of any one major disease, if it is
achieved, cannot greatly influence the in-
dex of age-related mortality and why it
is necessary to search for means that could
influence all or the majority of major dis-
eases as a whole group. This is the twelfth
consequence of the integral model.
Finally, let us address the thirteenth
consequence. As is known, the difference
between the average lifespan in industrially
developed countries, which is about 70 to
75 years, and the maximal lifespan of hu-
mans, which is from 110 to 120 years, is
quite large. This difference is conditioned
by the fact that the average lifespan main-
ly depends on the genetic and ecological
reasons for death, while the maximal life-
span depends on ontogenetic and accu-
mulational ones. The individuals in whom
genetic and ecological factors lie at the
basis of the major diseases do not usually
reach the age that is average for the entire
population, and the purely accumula-
tional mechanisms of development of the
major diseases are insufficiently pronounced
-by the age of 70 or 75. Hence, if we learn
to counteract the ontogenetic mechanisms,
the modern average lifespan can be made
to approach the modern species lifespan.
From this point of view it should be under-
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standable why any modern programs for
extending life are utopic if the regularities
expounded in this consequence are not
taken into consideration.

Thus, the ontogenetic model of develop-
ment, aging, and diseases is an attempt to
describe in one mechanism such externally
different physiological and pathological
processes as the metabolic background of
pregnancy, the growth and development
of the organism after birth, accelerated
development, the mechanism of switching
the reproductive function on and off, com-
‘mon regularities in the origin of specific
age-related pathology (“normal diseases”)
such as the climacteric, age-related obesi-
ty, hyperadaptosis, prediabetes, athero-
sclerosis, hypertensive disease, metabolic
immunodepression, auto-immune diseases,
mental depression, cancrophilia (condi-
tions contributing to the development of
cancer), and causes of natural death.

This mechanism lies at the basis of un-
timely development of specific age-related
pathology and accelerated aging under the
influence of such factors of the external
environment as acute and chronic stress,
overeating, excessive illumination, chemi-
cal carcinogens, and so on. Taking into
consideration everything that has been
stated above, this author believes that any
other theory on the origin of the major
human diseases should also address the
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question on the connections between all
these phenomena: it should explain the
reasons for the similarity between the met-
abolism during pregnancy, aging, stress,
and age-related diseases (Table 10). Ap-
parently, this is possible only within the
given ontogenetic model.

However, this does not mean that many
other facts and explanations are incorrect,
or have lost their significance. And what
is more, having described the ontogenetic
model, it becomes possible to demarcate
the data pertaining to the ontogenetic mo-
del and other “models” of diseases, i.e., eco-
logical, genetic, and accumulational (in-
volutionary) (see Chapter 12). And this
in turn, allows one to approach the develop-
ment of prophylaxis and treatment for the
major human diseases in different ways,
taking into consideration the various
mechanisms of their formation.

Thus, if the prophylaxis of any major
disease that arises under the influence of
ecologically unfavourable factors demands
measures for the elimination of these dam-
aging factors, or if a genetic predisposi-
tion makes it necessary to correct the avail-
able defect, then a disease that develops
- in accordance with ontogenetic regulari-
ties, especially if it arises prematurely, de-
mands means directed at retarding the
rate of aging (see Chapter 16). It follows
from the aforementioned that we are deal-
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ing not with various models of the onset
of diseases, but with various models of
medicine because they include not only
the mechanisms of disease development,
but also substantiation of their prophylaxis
and treatment. Hence, according to the
fourteenth consequence, integration is im-
possible in medicine outside the ontogenetic
model.

As far as other consequences of the in-
tegral model are concerned, it should be
noted first of all that natural selection
" influences the organism through ontoge-
netic mechanisms. Thus, in conformity
with this fifteenth consequence, a decrease
in mortality due to external causes re-
sults in an increase in the maximal species
lifespan, and vice versa (Chapter 11). In
the final result, the length of the maximal
lifespan is not invariable and, therefore,
it can be increased by retarding the rate
of realization of the ontogenetic and accu-
mulational mechanisms.

In addition, the integral model makes
it possible to combine stochastic and de-
terministic phenomena that form the mech-
anisms of development, aging, diseases,
and natural death. For example, according
to this sizteenth consequence, damage caused
by by-products of metabolism, in par-
ticular, free radicals, participates in the
formation of hypothalamic mechanisms of
ontogenesis.
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Finally, and this is the seventeenth conse-
quence, the integral model exposes and
illustrates the dialectic interrelationships
in the organism, as is shown in this book
first by the example of the interaction be-
tween the constancy of homeostasis and
the law of deviation of homeostasis. The
consequence of this interaction is the ab-
sence of a division between development
and aging, between aging and diseases,
and between the norm and the major dis-
eases. From this point of view, it is easy
to understand why the widespread method
of eliciting the causes of diseases, or their
risk factors, which is based on “case-con-
trol” comparison and is quite adequate
when studying the ecological or genetic
model of the onset of disease, is inapplica-
ble for the ontogenetic model. Thus, the
same state of immunity is observed in the
“case” group and the “countrol” group when
examining the reasons for the age-related
increase in the frequency of cancer. As
a result, the conclusion is drawn that the
decrease in immunity is not a condition
contributing to the onset of cancer. But
this conclusion is erroneous because an
age-related decrease in immunity in re-
.lation to the ideal norm has already oc-
curred in both groups (Chapters 9 and 13),
which may predetermine the age-related in-
crease in the frequency of cancer in the
population, but the onset of the disease
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in an individual depends on another ca-
tegory of phenomena, i.e., on accidental
damage to the genetic apparatus of the cells.

As a result, natural death limits the
lifespan of each individual, although this
limit is not imposed by natural laws. In
other words, nature, having in this case no
goal, nevertheless reaches it in the best way.

Thus, unity reveals itself through the
separate parts of medical knowledge and
destroys the borders between individual
specialities. And thought begins to return
to the lost integrity that existed in an-
cient medicine. But this synthesis is un-
thinkable without merging the individual
disciplines that transform the human body
into an artificial mosaic.

The necessity for integration in biology
and in science as a whole is widely felt.
The limited nature of a scientific approach
based on the principle of specialization
is obvious, but currently it is possible to
approach the creation of a model of inte-
gral medicine only by combining the onto-
genetic model of medicine with its other
models,

Hence, the integral model does not de-
mand repeal of that which is known, and
does not dispute anything that is a trust-
worthy fact, but it determines the borders
of applicability of the known facts and
conclusions, often making it necessary to
reinterpret them.



Epilogue

From dreams... to discovery.
H, Selye

And from discovery... to new dreams...

Let us imagine that it is the 21st century.
If anyone wished to compare the achieve-
ments of biomedicine in the 1980s with
those of the new period (for convenience
let’s call them the first and second pertiods),
one would see numerous ties between
them. Nevertheless, the changes would be
striking.

Already during the first period it was
hypothesized that if the duration of devel-
opment and maturation of the organism
were extended, it would be possible to
greatly increase the maximal lifespan
(Chapter 11). For example, R. Cutler stated
that if the maturation period were 50 years,
the average lifespan would increase to
250 years. For this reason, special methods
were applied to prolong the period of
sexual maturation. In addition, embrional
cells were examined during the early stage
-of pregnancy to detect defective genes. A
scientific school that investigated the pre-
vention of genetic defects arose. Followers
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of this school fertilized an ovum outside
the organism and then, after genetic exam-
ination of the embryo, transplanted it
into the organism of the future mother who
had been treated with the required hormones.
(Finally, a radical scientific school ori-
ginated from the concept that the entire
period of embryonal development should
take place outside the organism, but this
trend had few followers because of objec-
tions based on ethical grounds.) The state
of metabolism in the mother’s organism
was controlled very strictly during pregnan-
cy to fully prevent accelerated development
of the fetus.

Childhood and youth in the second pe-
riod have changed radically as compared
to our time. Under the new conditions
foreign languages are intensively studied
according to the so-called maternal mech-
anism and anyone can easily master them.
In addition, as is known, the aptitude for
physics, mathematics, or chess is usually
revealed at an early-age and prolongation
of the maturation period (neoteny) contri-
butes to the rapid development of the exact
sciences and, correspondingly, their ap-
plication. Retardation of the rate of ma-
turation slows down the rate of development
of the major human diseases in accordance
with the ontogenetic model. These diseases
start to develop mainly between the ages
of 180 and 200.
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But the described method of extending
the lifespan is neither the only, nor even
the basic, one. It follows from the ontoge-
netic model . that the development of dis-
eases can be sharply retarded if homeosta-
sis is stabilized at the level that is reached
when the organism’s development has
ceased. At the same time, this stabilization
should decrease the vulnerability of the
organism to any damaging (and patho-
genic) factors. In any case, according to
the calculations of R. Cutler, if it were
possible to stabilize mortality at the level
of the 30-year-old adult in developed coun-
tries in the first period, the maximal life-
span of humans would increase to 1246
years, and 50% of the population would
live more than 374 years.

It is natural, therefore, that studies on
the stabilization of homeostasis as well
as the elimination of random damages at
the cellular level proceeded at a fast pace.
Works of this kind have already appeared in
the first period. One of the cardinal distur-
bances in homeostasis, which is followed
by the succession of major human diseases—
obesity, type II diabetes mellitus, athero-
sclerosis, metabolic immunodepression,
-and cancrophilia—occurs because of a de-
crease in the sensitivity of the tissue to
insulin. In light of the genetic mode!l this
disturbance in people suffering from type
il diabetes mellitus was assessed as a ge-
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netic defect that is not detected immediate-
ly, but usually between the ages of 40 and
50. Therefore, the investigation, demon-
strating that only freshly obtained cells
(fibroblasts) from patients suffering from
the given form of diabetes mellitus (i.e.,
a disease similar, in essence, to that occur-
ring in the case of normal aging) are less
sensitive to insulin, was highly significant
for the development of concepts related to
the ontogenetic model of disease develop-
ment. When these cells are kept for several
days outside the organism in normal me-
dium, their sensitivity to insulin normalizes.
This means that it is not the genetic effect
that is to blame for the disturbance, but
the change in the internal environment of
the organism where the cells lived. When
this environment normalizes, there may
be no disturbances at the cellular level
that induce the development of diabetes
mellitus and related diseases.

Doctors have gradually learned to main-
tain homeostasis near the level characteris-
tic of the end of the growth period of the
organism. Certainly, it took some effort
to accomplish this goal, because methods
to preserve the internal environment of
the organism, and adequate regulation,
particularly, at the hypothalamic level,
had to be found. As was mentioned in this
book, the recovery of the cyclic function-
ing of the reproductive system in animals
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(Chapter 5) and of the adaptational sys-
tem in humans (Chapter 4) was proved
possible already in the first period by
pharmacological means; therefore, it is
no surprise that studies in this direction
have been successfully pursued.

Thus, it has gradually become possible
to control the ontogenetic mechanism of
disease development. However, certain
practical difficulties have remained be-
cause permanent medicinal counteraction
to the ontogenetic mechanism of disease
onset must be maintained. In principle,
means and methods for the steady stabi-
lization of the regulatory mechanisms at
the optimal level can be found (see below).
It should be noted that prejudices against
synthetic products and medicinal means,
in particular, gradually disappeared. Such
hormones as insulin and growth hormone
were already biosynthesized in the first
period. _

At first the amino acid composition of
human insulin was determined, and the
gene coding for insulin was artificially syn-
thesized. By clever manipulations this gene
was introduced into common bacterium,
Escherichia coli, myriads of which soon
- started to produce the insulin that was re-
quired for patients. Direct methods for
isolating the necessary genes from the set
of human genes were soon developed. In-
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sulin no longer had to be extracted from
the pancreas of animals.

Subsequently, it became possible to ob-
tain all required proteins in this way: an
unlimited quantity of the component parts
of animal food could be produced outside
the organism of “our smaller brothers”.
This achievement heraldéd a new era that
could be called the era of neovegetarianism
because one can eat products of animal ori-
gin since they are produced without
killing animals. Gradually, everybody
started to consider synthetic food as na-
tural, and the former food—natural prod-
ucts—as unnatural and below human dig-
nity. Therefore, prescriptions for various
biosynthetic drugs were easily accepted,
and those who wished to counteract the
ontogenetic mechanisms of development
of the major diseases started regularly
taking the necessary preparations.

But studies were simultaneously carried
out in the field of genetic engineering of
the hypothalamus in order to attain the
genetic (not medicinal) stabilization of
the hypothalamus (and associated nerve
centres) at the optimal level (see below).

It may seem strange, but the situation
remained much worse in the sphere relat-
ing to the involutionary, and especially
the ecological model of the onset of the
major diseases. The environment still re-
mained polluted to a significant degree
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because its decrease depended on a series
of social factors, such as a decrease in the
consumption of the “advantages of civili-
zation” (transport, microwave radiation,
etc.). This all served as a source of external
damaging factors that combined with the
internal (metabolic} damaging factors.
Certainly, in this period a new method has
been discovered for transforming normal
somatic (body) cells with a limited lifespan
into immortal ones, but this method does
not concern tumour cells.

This direction in research was also started
in the first period. In 1983 it was an-
nounced that the DNA structure of the herpes
simplex type II virus contains a fragment
that may introduce properties of immor-
tahty into somatic cells without transform-
ing the latter into tumour cells. -

As is known, already at the end of the
nineteenth century it was hypothesized
that germ cells, in essence, were immortal
because they were passed from one genera-
tion to another over many millennia. Im-
mortality is also characteristic of tumour
cells. Although it is commonly accepted
that biochemical processes inevitably dam-
age cells, thereby conditioning their meta-
. bolic aging (Chapter 11), the energy reac-
tions in cancer cells proceed still more in-
tensively, which does not prevent their
practically infinite existence in time (po-

1/ 26—0394
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tential immortality*). It follows from the
aforementioned that it is -more likely the
regulatory, and not the metabolic, mecha-
nism of aging that predetermines at the
level of the individual somatic cell the
finiteness of its existence. Thus, nature
“knows” the principle of avoiding irreversi-
ble consequences of cellular (metabolic)
aging but this principle is realized only in
the sex cells and malignant cells.
Taking all these prerequisites into con-
sideration, experimental animals were de-
veloped in whom each somatic cell was
immortal (this was achieved by intro-
ducing corresponding fragments of viral
DNA, or certain oncogenes (see Chapter 10)
during the early stages of embryonal de-
velopment). But the totality of all cells
still made up another “mortal body” for
which regulatory disturbances were the
cause of natural death. Nevertheless, this
achievement represented a step forward in
realizing the potential immortality of cells
in a human. Meanwhile, intermediate mea-

* It is possible to imagine that the repeating
division of cancer cells ensures a high degree of
“defect dilution”, or that randomly undamaged
cells are selected in the proecess of division and
it is these cells that are preserved. However, both
phenomena are unable to fully ensure the absence
of an accumulation of damage if it is born in
mind that cancer cells are “infinite” when trans-
planted from one animal to another, or in cell
culture.
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sures were applied in the second period.
The following are two examples of such
measures.

As is known, during the organism’s de-
velopment the nerve cells of the brain lose
the capacity for division. The “logic of na-
ture” is quite clear. Each nerve cell is con-
nected by its fibres with a plurality of other
nerve cells, which creates the “miraculous
network” of intercellular relations, which
lies at the base of cerebral activity. If
the nerve cells did not lose the capacity for
division, then at each division the neces-
sary connections would be broken. For
this reason, the neurons of a mature brain
lose the capacity for division. Defects that
are a result of damage accumulate in time
mainly in nondividing cells. This is clearly
illustrated by the accumulation of senile
pigment, i.e., lipofuscin, in the nerve cells
of the brain (Chapter 12).

Certainly, when it was possible to en-
sure that each somatic cell, including the
nerve cells, became “potentially immortal”,
the retardation of metabolic aging of the
neurons was induced. At the same time,
the mechanism that inhibited their divi-
sion was unravelled. The blocking of chole-

-sterol synthesis turned out to be an impor-
tant element in this mechanism.

It has been known for a long time that
mature nerve cells neither divide, nor syn-
thesize cholesterol (nor, correspondingly,

26%
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transform into cancer cells). The capacity
for division was renewed when it was found
how to unblock the synthesis of cholesterol.
This novelty turned out to be applicable
to certain hypothalamic cells whose activity
was not associated with the transmission
of a neural signal and with the production
of hypothalamic hormones.

As is known, hypothalamic cells are im-
paired, first of all, by the hormones of the
peripheral endocrine glands that function
in the feedback mechanism (see Chapter 11).
For example, impairment of the cells of
the hypothalamic arcuate nucleus by sex
hormones plays an essential role in the
changes that ensure the age-related switch-
ing-on and off of the reproductive function.
Now, the damages are eliminated in these
cells during the process of division*. As
a result, the mechanism of hypothalamic
regulation was recovered.

The second complex of measures for
overcoming local manifestations of aging
was associated with the solution of a series
of technical and biological problems. Bio-
prosthetics had already been developed in
the first period, in particular, it had been
demonstrated that a human could survive
with an artificial heart. Later, bioprostheses

* The author is grateful to S. Yu. Revskoy, a re-
searcher in the laboratory of endocrinology, for
the theoretical exploration of the probability of
this phenomenon.
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became widespread, as well as personal
computers, which had a special block for
recording all the information received by
the given individual. These blocks were,
in essence, a copy of the individual brain
per se. In case of the development of random
diseases of the brain, e.g., trauma, the
device ensured the preservation of every-
thing accumulated during previous life.

Burns and traumas, especially those asso-
ciated with moving at high speeds, have
remained and even increased, although they
were already the main reason for death in
young people during the first period. Na-
turally, the methods for treating injuries
have improved. In particular, biosynthetic
oncofactors are used on a wide scale to
stimulate tumour-like (rapid) division of
cells without transforming them into can-
cer cells, since these factors operate not
inside, but outside the cell via special
receptors on the cell membrane (Chapter 10).

Another direction in bioprosthetics is
based on the principle of cloning individual
cells for the reproduction of corresponding
organs if necessary. After fertilization of
the ovum and its first division, an individual
identical organism develops if the distance
-between the cells increases for some reason.
This is the origin of monozygotic twins.
But potentially, each somatic cell stores
genetic information, though blocked, which
is necessary for the reproduction of a whole
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organism. Already in the first period, rela-
tively complex organisms of some species
were reproduced from individual somatic
cells. The only problem was to ensure re-
production of individual organs, which
were necessary to replace the damaged
organs, in an artificial medium, and to
prevent the reproduction at once of all
the organs because it was impossible to
establish the border between the appearance
of a twin that was identical to its “vegeta-
tive forefather” and the biotechnology of
growing spare organs¥*.

It is impossible to describe here, even
in general terms, everything that concerned
the development of integral medicine. There-
fore, we discussed briefly the development
of studies relating to each model of med-
icine. Now let us discuss the major
diseases. .

These diseases gradually developed at
a later and later age and then they stopped

* As is known, this method can be applied, in
principle, to produce a practically unlimited
number of “vegetative” individuals similar to the
initial one. This idea seems tempting to many:
to “reproduce” at once 100 talented mathema ti-
cians (from a mathematician), or football players
(from a football star). But life demonstrates that
for progress in any field it is better to have 100
people with different talents than to have 100 iden-
tical geniuses. The latter case increases not only
the number of outstanding discoveries but also
the same errors and delusions.
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to play an essential role in the life of hu-
mans, since the intensity of their develop-
ment is conditioned, first of all, by the
rate of aging, which was greatly retarded.

It should be stressed that without solving
the problems discussed in this book, it is
impossible even to dream of extending the
limits of the human lifespan, though many
scientists are prone to this kind of prog-
nostication. The references these scientists
make to the effect that there are no funda-
mental laws of Nature that would prohibit
the creation of potentially immortal organ-
isms, and that “atoms do not age”, are
groundless bhecause even protein molecules
age (e.g., because of thermal effects). There-
fore, to expand the species limits of life,
a combined approach must be applied,
which takes into consideration the four
basic mechanisms of aging and age-related
diseases.

Obesity was the first disease to disappear.
Since it had been the disease of diseases
for centuries (if death due to external causes
did not take one’s life at a young age), the
development of prediabetes and type II
diabetes mellitus was retarded, as well as
metabolic immunodepression, metabolic
Aauto-immune disturbances, atherosclerosis,
and cancrophilia. This was the reason for
the sharp increase in the average and maxi-
mal lifespan of humans (see above). The
climacteric also no longer presented a sig-
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nificant problem because the reproductive
period was long and, which is most impor-
tant, it could be artificially prolonged.
Climacteric neurosis was reliably prevented
by medicines, as were mental depression,
hyperadaptosis, and age-related hyperten-
sive disease. The problem of cancer re-
mained (and partially atherosclerosis), but
did not present the problem it had been in
the first period.

There is nothing strange in the fact that
in the new period cancer remained a bio-
logical problem (as did atherosclerosis):
random processes (i.e., random damage to
the genetic apparatus, or the introduction
of oncogene viruses into it) could not (like
probabilistic events) be fully prevented
or, all the more, eliminated. In other words,
the possibility of the appearance of a cancer
cell, or impairment of the arterial wall and
proliferation of smooth muscle cells, which
induces the formation of the atherosclerotic
plaques, always existed. At the same time,
substantial changes for the better appeared
in all fields of oncology because development
of the tumoral process was prevented in the
majority of cases.

First of all, diagnostics was no longer
based on such insufficiently sensitive meth-
ods as examination, thermography, com-
puter tomography, accumulation of radio-
active isotopes in the tumour, etc. These
methods can detect a tumour when its
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mass is sufficiently large (more than two
million tumour cells). Instead, marker diag-
nostics was used, which is based on detecting
special substances (usually oncofactors, see
Chapter 10) that are released by the tumour.
To detect these specific proteins, methods
are used with a sensitivity of 1071° g. Pro-
ceeding from the calculation for the deter-
mination of the marker of a trophoblastic
tumour, i.e., chorionic gonadotropin (a hor-
mone which is secreted by the tumour cell
in a maximum possible quantity), it is easy
to calculate that each cell secretes from
10-% to 104 IU of this hormone daily.
Thus, for a concentration of 1 unit of the
hormone in one litre of blood, from 40 000
to 100 000 tumour cells (occupying a volume
of only 0.05 mm?®) are required. And this
is the testing limit for any marker.
Meanwhile, the natural immune system
of a human can simultaneously neutralize
about 10 000 tumour cells. At the same
time, medicines ensured reliable protection
in the rare cases when the immunological
barrier of the organism was overcome and
growth of the tumour focus occurred. But,
if formerly preparations were used to fight
the tumour cells, i.e., preparations that
either killed these cells, or sharply inhibited
their division (by facilitating favourable
conditions for the activity of the natural
protective forces, in particular, the activity
of so-called specialized killer cells that

27-0394
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destroy tumour cells), now the treatment
was determined depending on the mechanism
of malignant transformation (see Chapter
10). When activation of the oncogene was
caused by comparatively small changes in
the chromosomal apparatus, e.g., by dis-
placing the “resting” oncogene to another
area where it fell under the influence of an
activator (promoter), it was possible to
return the transformed cells to their initial
state by blocking the promoter. In other
words, the purpose of treatment in many
cases was not to destroy the cancer cell
with medicines but to return its normal
properties. In principle, such experiments
had been carried out during the first period
when it was demonstrated that the behaviour
of tumours of embryonal origin could be
normalized. It is interesting to note that
vitamin A (and its derivatives, the so-called
retinoids) played a major role in such treat-
ment of the malignant cell.

Viral therapy also became widespread.
As mentioned many times above, many
oncogene viruses are able to insert them-
selves into the cell genome, which causes
malignant transformation (Chapter 10). But
this property of viruses could be applied to
medicinal purposes only when it became
possible to change the structure of the
viruses as required. Viruses were created
that were deprived of oncogenic properties
but had the capacity to block the activity
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of cell oncogenes, or natural tumorigenic
viruses. Some “medicinal viruses” activated
“immunity genes” that sharply enhanced
antitumorigenic protection. In the majority
of cases, it was possible to prevent cancer
as a disease though it was impossible to
eliminate the malignant transformation of
cells.

Atherosclerosis was defeated, or, rather,
it became possible to turn it into a very
slowly progressing disease. The origin of
atherosclerosis is conditioned by the mech-
anisms of all the four models of disease
development, i.e., the ecological, genetic,
ontogenetic, and involutionary (accumu-
lational) models. It was most difficult to
correct the latter mechanism because the
element of impairment was inseparable
from the nature of the biochemical processes
(Chapter 11). Therefore, by the end of the
second period, the situation became a little
clearer with the involutionary (accumu-
lational) diseases conditioned, in particular,
by the accumulation of ballasts and chole-
sterol in undividing cells. When the debris
filled almost the entire volume of the cells,
it seemed that the natural dying away of
the organism occurred.

. But medicine was already on the threshold
of new discoveries and new dreams.

As we approach the end of the book, let
us return to current problems,

Medicine is entering a new stage that is

27w
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characterized by the extremely rapid accu-
mulation of knowledge and developments
in technology, primarily, biotechnology,
as well as by serious organizational changes.
The latter is most vividly illustrated by
the increase in prophylactic screening of
the population. But success is impossible
without solving a series of problems. One
of the most serious problems is the need to
change the common preconceptions that
people hold on the nature of the major
human diseases.

The modern views were formed under the
influence of victories over acute infections.
In the past when there were no specific
treatments, these diseases rapidly ended in
either death or recovery. Later, it became
possible to prevent the development of
many infections by such means as vaccina-
tion. Modern means for the treatment of
infections also render a relatively rapid
effect.

Based on this experience, there is every
reason to expect that medicine will develop
short-term measures for the prophylaxis
of the major noninfectious human diseases.
But the prophylaxis of these diseases is
similar to the prophylaxis ¢f infections only
within the limits of the ecological model of
the origin of diseases, and even in this
case, lasting efforts are required. In partic-
ular, such factors as an optimal diet, physi-
cal activity, and “control of oneself” should
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become permanent components of a rational
mode of life if one wishes to substantially
decrease the threat of disease.

As stated in the Introduction, the achieve-
ments in medicine in the last century create
the impression that it would be possible
to gradually extend the average human life-
span to 85 years or more by eliminating
the ecological causes of the major diseases.
Moreover, it is assumed that the period
of life occupied by diseases will greatly
decrease and that life will end with natural
death: in other words, death from old age
will occur without disease.

This author has already stated that de-
spite the external logic and certain attractive-
ness of such a situation, it is unrealistic
and incorrect. It does not take into consider-
ation that ontogenetic and accumulational
mechanisms form the entire complex of
major diseases in each person irrespective
of the ecological and genetic factors. If it
were possible to study the structure of the
survival rate graphs (see Fig. 1a and b)
the following picture would form (Fig. 10).
The principal causes of the major diseases,
primarily, tumours, are genetic defects in
childhood and youth; ecological causes of
death dominate during the period of matu-
rity, and then, if the ecological conditions
are favourable, the main causes of death
are determined by ontogenetic, and later,
accumulational, diseases.
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Fig. 10. Age ranges for various models of diseases
on mortality.

Certainly, the rate of development of the
diseases will retard with the elimination of
unfavourable ecological factors. However,
the “life thread” will still break, though
not from old age. Death will occur because
of the common course of chronic major
diseases. Therefore, if the goal is to preserve
satisfactory health up to the age of 85,
the rate of aging, or (which is practically
the same thing) the formation of ontogenetic
and accumulational mechanisms of diseases
must be retarded. These measures will
extend the average lifespan as well as the
maximal, i.e., the species specific lifespan.
As stated above, the average lifespan is de-
termined by ecological, and partially, ge-
netic, factors, while its maximal value is
determined by ontogenetic and accumula-
tional mechanisms. Hence, the limit for
a species lifespan is not a strictly fixed
value. It can change depending on the



0

Epilogue 415

evolution of these mechanisms. As men-
tioned before, a substantial extension of the
maximal human lifespan apparently occur-
red 200 000 years ago. It is believed that
at that time, over the course of 100 000 years
the maximal lifespan increased by 14 years.
This increase is usually explained by im-
provement in the systems of protection
against damage, which form the accumu-
lational model of aging and diseases. This
point of view explains the data that indicate
that the greater the species lifespan, the
higher the activity of the repair systems
(Setlow and Hart, 1974) and antioxidant
systems,

At the same time, it should always be
taken into consideration that the maximal
lifespan of primates, including humans, is
negatively correlated with the rate of sexual
maturation: the later the maturation of
the organism, the longer the maximal life-
span. This dependence reflects the role of
ontogenetic mechanisms in determining the
species lifespan (Chapter 11).

Thus, this author has attempted to show
that it is impossible to retard the appearance
of the major noninfectious diseases, and,
therefore, it is impossible to reach old age
without suffering from any diseases, and
moreover, it is impossible to increase the
maximal lifespan if these four models of
diseases are ignored when elaborating pro-
phylactic and medical measures.
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Currently, it is the ecological and genetic
models of diseases that determine the strat- -
egy and tactics of modern medicine. For
this reason the popularization of these prob-
lems is not required in a brief epilogue.
Studies on the accumulational model are
being carried out quite intensively. For
example, it has been shown in animals that
antioxidants retard the development of
diseases that are associated with aging
and increase the average lifespan (Harman,
1981), although the maximal lifespan does
not increase. Naturally, the latter circum-
stance troubles the adherents of the accu-
mulational model of aging. However, in
this case the influence of the ontogenetic
mechanisms of aging, which restrict the
effectiveness of the antioxidant prepara-
tions, is not taken into consideration.

Hopefully, the concepts that substantiate
the existence of the ontogenetic model will
become attractive when the theoretical
and practical consequences of this model,
which are summed up in Chapter 17, are
taken into consideration. It should be re-
peated once again that the ontogenetic
model makes it possible to reject ideas on
programmed aging and -natural death,
although aging and the major diseases
emerge with a regularity characteristic
of a genetic program because they are the
by-product of the organism’s developmental
program. It follows from the aforementioned
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that the maximal lifespan is not a constant
value, which means that the limits of the
maximal lifespan can be expanded on
account of the influence of the ontogenetic
mechanisms. It must be taken into consid-
eration that living nature has no need to
greatly prolong the period of life determined
by the requirements of reproduction. This
is a purely human problem because Homo
sapiens, as a social species, has established
additional goals beyond the requirements
of self-reproduction. New methods must be
elaborated to achieve the new goals. Certain
results have already been obtained, such
as retarded aging of animals through the
administration of preparations that improve
the metabolism of carbohydrates and fats,
or reduce the secretion of insulin (Chap-
ter 16)*.

However, this author foresees numerous
and various difficulties in regard to uti-
lizing the ontogenetic model associated with
the necessity of studying its mechanisms
and searching for new medicinal means (or
utilizing the available means with new
applications). Yet greater difficulties are
purely psychological, conditioned by the

* Data on the use of medical preparations in clin-
ical practice have been omitted. These aspects,
as well as more strict substantiation of the prob-
lems discussed in this book, are presented in this
author's monograph Four Models of Medicine,
Meditsina, Leningrad, 1987 (in Russian).
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necessity of rejecting many stereotypes.
A few examples are given below.

It must be recognized that the criteria
determining physiological norm in an adult
should be the same for people of any age.
This means that the age-related dynamics
of these indices do not characterize the
norm of aging but rather the degree of de-
viation from the norm, i.e., the rate of
formation of the major diseases.

It should be understood that the age-
related drift in the physiological indices is
an indication for therapeutic correction,
and when ecological means are ineffective
(proper diet, increase in physical activity,
rejecting harmful habits such as smoking,
etc., in general, a change in the life-style)
medical treatment must be administered.
Moreover, prophylactic treatment in many
cases (if not in all, though this is an indi-
vidual matter dependent on age) is always
required. The belief that medicinal inter-
ference is dangerous must be rejected be-
cause nature carries out its experiment under
conditions of decreasing mortality due to
external (ecological) causes, and the re-
sults are known: an increase in the lifespan
is accompanied by an increase in the inci-
dence of the major diseases.

The solution to these problems is greatly
dependent on psychological factors, i.e.,
on the information available to the society,
primarily, to its potential patients, and
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on scientific substantiation of prophylactic
treatment. The necessity of introducing the
notion of “cholesterol diabetes” is an exam-
ple of psychological reorientation, because
both the doctors and the population will
better then understand the necessity of de-
creasing the blood cholesterol concentra-
tion, analogous to the attempts now made
to decrease the content of sugar in the blood
of patients suffering from diabetes mellitus.
This is all the more important, since “choles-
terol diabetes”, i.e., the age-related in-
crease in the blood cholesterol content,
develops in practically everyone. Conver-
sely, the absence of this phenomenon char-
acterizes a deviation that demands special
assessment (Chapter 17). Hence, the pur-
pose of this book is to familiarize people
with a new approach to the development of
the organism, in particular, accelerated de-
velopment, the origin of major diseases,
aging, and natural death. At the same time,
the book introduces a new theory for the
consideration of specialists. Certain difficul-
ties exist in this respect because the special-
ization in medicine today hinders the
perception of integral ideas.

Concerning the practical realization of
these ideas, the following relatively simple
problems must be solved at the initial stage: -
first of all, the minimal number of physio-
logical parameters that are sufficient to
de.cribe the state of the energy and adapta-
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tional systems of the organism must be
determined (Chapter 13); second, the methods
of examination must be standardized and
their accurate reproduction over longitudi-
nal observations ensured; third, the practi-
cally permissible degree of deviation from
the ideal (or optimal) norm must be deter-
mined which establishes when it is advisable
to start prophylactic treatment; and finally,
a national program for the endorsement of
available methods and the development
of new ones for normalizing homeostasis
must be established.

The popularization of scientific knowledge
with the aim of rejecting some of the illu-
sions inherent to various projects on the
prolongation of life must also be under-
taken. One of these illusions is the belief
that there are adaptational and regulatory
mechanisms that are mobilized during aging
to preserve vital activity. This concept
again endows aging with adaptive features,
which do not exist in reality. Certainly it is
psychologically convenient to think that
something is continuously fighting against
aging in the organism. In reality, however,
certain compensatory mechanisms switch
on during aging not because they are mo-
bilized to fight against aging, but as a result
of the physiological design of the organism,
according to which each age-related devi-
ation of homeostasis causes a reciprocal
compensatory reaction, which itself is a



Epilogue 421

deviation of homeostasis, and so on. In
the final end, this creates diseases of com-
pensation (if assessed by the mechanism of
their formation), or, in other words, creates
an ontogenetic mechanism that terminates
the existence of the organism. Without new
scientific data and, moreover, without up-
dating scientific theories on the reasons
determining the average and maximal life-
span of humans, progress is obviously im-
possible. The data, opinions, hypotheses,
and models presented in this book demon-
strate that we all know enough to under-
stand where our knowledge is missing and
what is necessary to continue advancing
along the path to integral and effective
medicine.
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