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Abstract: According to our conception, the aging process is caused by cell proliferation restriction-induced accumulation 
of various macromolecular defects (mainly DNA damage) in cells of a mature organism or in a cell population. In the case 
of cell cultures, the proliferation restriction is related to so-called contact inhibition and to the Hayflick's limit, while in 
the case of multicellular organisms, it is related to the appearance, in the process of differentiation, of organs and tissues 
consisting of postmitotic and very slowly dividing cells. It is assumed that the proliferation of intact cells prevents accu-
mulation of various errors in a cell population. However, the continuous propagation of all the cells in a multicellular or-
ganism is absolutely incompatible with its normal functioning. Thus, the program of development, when it generates 
postmitotic or slowly dividing cells, automatically leads also to the onset of the aging process (mortality increase with 
age). Therefore, any additional special program for aging simply becomes unnecessary. This, however, doesn't reject, for 
some organisms, the reasonability of programmed death, which makes possible the elimination of harmful, from the spe-
cies point of view, individuals. It is also very important to emphasize that increase or decrease of an organism's lifespan 
under the effects of various external factors is not always necessarily related to modification of the aging process, though 
the experimental results in the field are usually interpreted in just this way. I called the experimental-gerontological mod-
els similar to the Hayflick’s model "correlative", since they are based on some correlations only and not related necessar-
ily to the gist of the aging phenomenon. So, for the Hayflick's model, it is the relationship between population doubling 
level and donor age, between population doubling potential and species lifespan, between some cell changes in vivo and in 
vitro, and so forth. If the rationale of the "Hayflick phenomenon" is used, we can't explain why we age. Nevertheless, 
many authors virtually put a sign of equality between aging in vitro and aging in vivo, which generates conclusions that 
are of quite doubtful accuracy. A classic illustration of this is the telomere concept of aging. Originally, the principle of 
shortening end-segments of DNA (telomeres) during each cell division was formulated at the beginning of seventies by 
the Russian scientist Aleksey Olovnikov and used by him to explain the limited "proliferative" lifespan in vitro of normal 
cells. Subsequently, the existence of this phenomenon was confirmed by the results of many research reports, the culmina-
tion of which was a publication in which the authors demonstrated the possibility of increasing the proliferative potential 
of normal cells by introducing the enzyme telomerase to them, thus restoring the lost telomere segments. At the moment it 
looks like the telomere shortening contributes to aging in vitro only, but not to aging in vivo because an organism never 
realizes the full proliferative potential of its cells. Besides, the most "responsive to aging" are the organs and tissues con-
sisting of postmitotic cells, for which the concept of proliferative potential loses any meaning in practical terms. We de-
veloped another "correlative" model–a model for testing of geroprotectors and geropromoters – the "cell kinetics model." 
It is based on the well-known correlation between the "age" of cultured cells (age of their donor) and their saturation den-
sity. The model allowed us to perform preliminary testing of a lot of different compounds and factors that are interesting 
from a gerontological point of view, but it revealed no information about the real mechanisms of aging. However, the sec-
ond model we use in our studies – the "stationary phase aging" model – obviously, is a "gist" model. It is based on the as-
sumption that in the cells of stationary cultures various intracellular changes similar to those of an aging organism can be 
observed. The proliferation restriction in the case is provided, as a rule, just by contact inhibition. Many experimental re-
sults confirming this assumption were obtained. "Age-related" changes that are well known from organismal studies were 
shown to really occur in our experimental stationary cell culture model. Besides, such experiments can be carried out on 
nearly any type of cells from various biological species. Thus, the evolutionary approach to analysis of the data is pro-
vided. Moreover, the changes in the stationary cell cultures become detectable very soon – as a rule, in 2 to 3 weeks after 
beginning the experiment. All this allows us to suppose that the "stationary phase aging" model should provide a very ef-
fective approach to testing of different substances and their cocktails on their activities in terms of accelerating or retard-
ing aging – of course, if their effect is realized on the cell level only. 
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INTRODUCTION 

 Because the paper is based on my lecture on The Fifth 
Stromboli Conference on Aging and Cancer (June 13-19, 
2010, Sirenetta Park Hotel, Stromboli Island, Aeolian  
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Islands, Messina, Sicily, Italy), I decided to follow the same 
sequence and style used for the presentation of the material. 
 First, I'd like to dwell on the definition of aging (se-
nescence). It should be emphasized that almost all my 
experimental studies belong to cytogerontology. Slightly 
modifying the classical definition of Leonard Hayflick, I 
would say that cytogerontology is the science of the in-
vestigation of aging mechanisms using experiments on 
cultured cells [1, 2]. It is only a part of gerontology in 
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whole (without the "cyto" prefix) and therefore has no 
right to exist without proper generally accepted geron-
tological ideas and definitions. Unfortunately, there is a 
great deal of confusion in modern gerontology about the 
main definitions that should form the basis of the science. 
In the first place, the confusion concerns the ideas about 
what aging/senescence is. The classical definition sounds 
more or less similar in all the basic manuals and hand-
books on gerontology or the biology of aging: aging is 
the complex of age-related organismal changes leading 
to an increase in the probability of death (rate of mortal-
ity) [3–7]. Actually, the main point here is that of death 
probability, without which the definition of aging be-
comes senseless. I will try to illustrate this proposition 
with the help of two figures (Fig. 1 and 2). At present, one 
can check whether probability of death actually changes 
over time only in population studies. To do this, it is nec-
essary to obtain a survival curve of the cohort of the or-
ganisms studied (i.e. of the group of individuals born at 
the same moment). Fig. (1) shows three curves, the first 
of which describes so-called "aging according to Gom-
pertz," which is common to all aging organisms existing 
under good conditions, that is, "normal" aging. In this 
case, the rate of mortality, beginning at a definite age, 
increases exponentially. Under the mild influence of ion-
izing radiation, we observe a shift in the first curve to the 
left with its form (specified by skewness and kurtosis) 
conserved – this is radiation-induced premature aging. 
The rate of mortality also rises exponentially, but the 
process begins much earlier. It is the unchanged form of 
the curve that allowed gerontologists to consider this kind 
of dying out as a good model for investigations of the 
mechanisms of natural aging. Actually, this similarity of 
curves leads to the idea about highly probable identity of 
macromolecular damage arising during normal and radia-
tion-induced aging. Finally, the third curve in the Fig. (1) 
illustrates the extremely high dose radiation-induced "ex-
ponential" dying out with no aging at all, that is, with a 

constant (and very high) rate of mortality throughout the 
experimental period. In this last case, we can also esti-
mate the average and maximum lifespan values for the 
population but with no sense of gerontological progres-
sion. 
 Recently, in experimental gerontologic literature, any 
data about lifespan increase or decrease under the influence 
of various factors have been unambiguously interpreted as a 
modification of the aging process. I consider this approach to 
be absolutely incorrect. Fig. (2) represents our calculations 
of survival curves of three virtual (conventional) organism 
populations that do not age, that is, their rate of mortality (R) 
doesn't change with time. Nevertheless, its value increases 
several-fold from cohort to cohort. It is obvious that both the 
average and maximum life spans for the three populations 
vary significantly, but without question, there is no aging in 
this case. 
 To summarize, I would like to emphasize that classical 
gerontology has been investigating aging mechanisms exclu-
sively in the context of the increasing probability of death 
with age. In other words, the "true" gerontologists should try 
to understand why the rate of mortality increases with age 
and how this increase can be retarded, even while realizing 
that theoretically a complete victory over aging-related mor-
tality has the potential to increase the average lifespan only 
up to 700–800 years, because people will continually be dy-
ing out exponentially — through diseases, catastrophes, ac-
cidents, etc.  
 Cytogerontology should therefore study the mechanisms 
underlying the increase in the probability of death with age 
(that is the meaning of the term "aging" as I will use it here) 
in experiments on cell cultures. Unfortunately, the more than 
100-year history of the science has resulted in drawing ger-
ontologists away from the essence of aging and toward sec-
ondary manifestations of aging that play no key roles in its 
basic mechanisms. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (1). Survival curves of aging organisms: normal aging and survival of the organisms exposed to various doses of ionizing radiation. 
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Fig. (2). Effect of the rate of mortality (R) on the shape of the survival curves of non-aging organisms. 
 
 The basics of cytogerontology were laid by August 
Weismann as far back as the end of the nineteenth century 
[8, 9]. Many review papers can be found concerning Weis-
mann's gerontological convictions (see, e.g., [10–12]). In the 
reviews, a detailed history of his ideas about the mechanisms 
of aging as well as the evolutionary aspects of the phenome-
non’s appearance in animate nature is described. The key-
stone of Weismann's ideas is the proposition about the exis-
tence of the mortal soma and the immortal germ line (Keim-
plasma). It was Weismann who for the first time contrasted 
the germ-line cells, a cell population that is in principle im-
mortal, with the somatic cells, which age and die. It is neces-
sary to emphasize, however, that he did not clearly define 
what cellular aging is. Perhaps this accounts for the conclu-
sions made by Alexis Carrel [13, 14], who created the ex-
perimental basis of cytogerontology at the beginning of the 
twentieth century. I have followed extensively the history of 
the origination and progress of the science in several previ-
ous publications [2, 15-17], so here I will just briefly list the 
basic stages of the process. I want to especially emphasize 
that the main focus of gerontologic studies on an organism's 
isolated cells has avoided any effect of the central nervous 
system and hormones, which could falsify the true picture of 
cellular and subcellular age-related changes, on the data ob-
tained. 
 Carrel decided to test whether isolating somatic cells of 
higher animals from the organism will render them unable to 
indefinitely proliferate and, because of this, "age" and die. It 
was he who elaborated the method of cultivation of animal 
epithelial or fibroblast-like cells in glass flasks, and the ap-
proach is still used, in practically unmodified form. How-
ever, the results of Carrel's experiments did not fit the mortal 
soma theory. He successfully cultivated some strains of cells 
isolated from chick embryos practically indefinitely without 
any signs of culture degradation. Because of this, in the 20th 
century gerontologists have considered for almost 50 years 
that somatic cells can be propagated indefinitely. Only in the 
50th-60th experiments by Swim and Parker [18] and, after 
them, by Hayflick [19-21] made it possible to understand 
that Carrel's data appeared to be an artifact. It turned out that 

almost all the normal animal cells possess a limited ability to 
proliferate in culture – for no more than 100-120 divisions 
(corresponding to roughly 50 cell population doublings).  
 A lot of theories trying to explain the gist of Hayflick's 
phenomenon and attribute it to aging in vivo were elaborated. 
However, all of them were later rejected after discovering 
the telomere "counter" [22] which determines the limited 
proliferation ability of normal cells. It initiated a new wave 
of aging theories explaining the phenomenon only by te-
lomere shortening in dividing cells. At the same time, actu-
ally, most researchers had ignored the fact that the most im-
portant organs of higher animals consist of postmitotic or 
very slowly dividing cells, and because of this the prolifera-
tion potential definition of aging does not make sense for 
them. As regards the proliferating cells, they almost never 
realize their full potential during the organism's life. This 
was convincingly demonstrated by means of the comparison 
of the index for fibroblasts obtained from children and from 
healthy long-lived persons [23]. Thus, the attempts of some 
gerontologists to represent the mechanism of telomere short-
ening as “driving” the program of aging no longer seem rea-
sonable [24]. 
 It is necessary also to emphasize that there is no direct 
cause-effect relationship between Hayflick's phenomenon 
and the aging of a multicellular organism [2, 15-17, 25]. The 
evidence for the gerontological significance of this phe-
nomenon is based merely on such correlations as the re-
duced proliferative potential of fibroblasts isolated from 
progeria patients, direct correlation of this index with species 
lifespan, or an inverse correlation with the age of the cell 
donor. 
 In this connection, some years ago I introduced the no-
tions of correlative and gist models of aging [16, 26]. The 
former, like the Hayflick’s limit, have no direct relation to 
actual mechanisms of aging, but, nevertheless, can help in 
obtaining data very useful for both experimental and theo-
retical gerontology. Our cell kinetics model for testing of 
geroprotectors (factors retarding aging) and geropromoters 
(factors accelerating it) [27, 28] also belongs to such models. 
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The model has been based only on the well-known correla-
tion between the saturation density of a human diploid fibro-
blast culture and the age of the cell donor. That is why it is 
purely "correlative." When we found that a substance under 
study increased the saturation density of a cell culture, we 
concluded that it was a geroprotector, although we did not 
know how it would influence the survival curve of a human 
cohort. 
 At the same time, the second model we have elaborated 
intensively for the last several years [2, 15-17, 25, 29-36] 
and called the "stationary phase aging model" is, in my opin-
ion, a "gist" model because it is based on our conception of 
aging of multicellular organisms. The theory, which is a con-
tinuation of the concepts proposed by Bidder, Minot, and 
Schmalhausen [37-39] in the beginning of the 20th century, is 
shown in diagram form in Fig. (3). It suggests that the for-
mation of postmitotic (cardiomyocytes and neurons) or very 
slowly proliferating (hepatocytes) cell populations during 
development and differentiation results in the accumulation 
of harmful changes at different levels. This, in turn, leads to 
impairment of the normal functioning of tissues and organs 
and then of the whole organism, which eventually causes an 
increase in its death probability. The damage (of DNA, 
membranes, proteins, etc.) can arise spontaneously in any 
cell, but in the proliferating cell population the defects are 
constantly "diluted" because of the continuous appearance of 
fresh cells containing no such damage. It should also be 
noted that the presence in an organism of tissues and organ-
ism consisting of non-dividing or very slowly dividing cells 
makes normal regeneration impossible. If the conception is 
correct, the same accumulation of macromolecular defects 
should also occur in stationary cell cultures. As it was dem-

onstrated in our numerous experiments [2, 15-17, 25, 29-36], 
cell culture proliferation restriction because of contact inhibi-
tion really leads to cell changes analogous to those in the 
cells of an aging macroorganism – accumulation of DNA 
single-strand breaks and DNA-protein crosslinks, DNA de-
methylation, changes in spontaneous sister chromatid ex-
change level, nuclear structure modulations, plasma mem-
brane changes, decrease of the rate of mitogen-stimulated 
cell cycling and of cell colony-forming ability, accumulation 
of the well-known biomarker of aging 8-oxo-2’-
deoxyguanosine in DNA, and inhibition of poly-ADP-
ribosylation of chromatin proteins. The most significant 
among the changes is DNA damage because all the other 
macromolecules in principle could be synthesized de novo if 
the template (DNA) is intact. Thereby, in our theory the pos-
tulated mechanism leading to an accumulation of harmful 
defects is the same both in our "stationary phase aging" 
model and in the macroorganism. 
 A classical illustration of the functionality of our theory 
is the existence of organisms like freshwater hydra [2, 40] in 
which continuous proliferation of all cells makes the indi-
vidual practically immortal, that is, non-aging. 
 It should be noted that within the scope of the "stationary 
phase aging" model we defined cell aging as the accumula-
tion in a cell population of various types of damage identi-
cal to the damage arising in senescing multicellular organ-
isms. At the same time the classical definition of aging in-
cluding death probability has been ignored. Unfortunately, 
nobody who watches how cultured cells "age" in the station-
ary phase of growth, evaluates how their death probability 
changes with time. Until recently, we also did not concen-

 
Fig. (3). The theory of proliferation restriction as the main cause of the accumulation of age-related macromolecular changes that induce 
aging. 
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trate our attention on what the pattern of dying out our "sta-
tionary-phase aging" cells follow. This is not because in this 
case we were not interested in the form of their survival 
curve. First, cells can divide violating the integrity of the 
cohort. Second, to correctly record the cell death moment is 
very difficult. At present, a great variety of cell viability 
probes exist but, unfortunately, they each provide widely 
differing results. In other words, frequently the same cell is 
considered alive by one test and dead by another. The 
method of evaluating the colony-forming ability of cells [41, 
42] is effective only in the case of proliferating cells (you 
cannot measure viability of neurons or cardiomyocytes in 
this way). Therefore, “stationary old” cells need to be sub-
jected to the injurious operation of cloning, which many 
weakened “individuals” simply may not survive. 
 We currently carry out comparative studies of several 
methods for testing the viability of cultured cells, trying to 
understand if it is possible, with the help of a non-
cumbersome battery of tests, to get a survival curve for "sta-
tionary-phase aging" cells with rather high signifi-
cance/objectivity. The preliminary data obtained allowed us 
to consider that in most cases such cells die out "under 
Gompertz," that is, age in the classical sense of the term.  
 The theory described in Fig. (3) also makes it possible to 
state one more proposition concerning the discussion about 
programmed or non-programmed aging, which has recently 
become popular again among gerontologists [5, 43-55]. If 
our conception is true, the aging program automatically 
ceases to be necessary. I have provided a detailed analysis of 
the problem in a recently published paper [56]. Here, I will 
just briefly note the following: because populations of post-
mitotic or very slowly dividing cells appear for all purposes 
"automatically" in the process of development and it is their 
presence in organism that initiates the aging process, we can 
consider the latter process just a "byproduct" of the devel-
opment program. The lifespan differences (including spe-
cies-specific ones), in my opinion, are determined only by 
the differences in the programs establishing reliability of the 
systems (cells, organs, tissues) of the specific organism. In-
cidentally, it is the low reliability of female germ cells that is 
responsible for so called "maternal age effect" manifested in 
an abrupt increase with age of the probability of formation of 
abnormal offspring after the maternal age of 35 years. In 
fact, female gametes effectively represent a stationary cul-
ture – but one existing inside the organism. Egg cells in most 
mammalian species behave as a stationary cell culture. When 
a female is born, she has a limited number of the egg cells 
(in case of women – roughly 300-400 thousand) that are in 
the dictyotene stage of meiosis. No new oocytes will appear 
later. The fact that children are nevertheless born young is 
determined by the existence of quite a number of special 
barriers [2, 57], commonly preventing appearance of off-
spring from the oocytes with “senile” defects.  
 In the process of "stationary-phase aging" of cultured 
cells, we recently found that a classical biomarker of age-
related changes (within the scope of the free radical theory of 
aging), 8-oxo-2’-deoxyguanosine, had accumulated, as it 
does during aging in vivo. Because the compound is a prod-
uct of DNA oxidation by reactive oxygen species, it seemed 
logical to assume that, if the free radical theory of aging is 

true, suppression of free radical production should lead to 
retardation of cell culture "stationary-phase aging". V.P. 
Skulachev proposed the idea of "mild" uncoupling (MU) of 
respiration and oxidative phosphorylation [58] when the rate 
of free radical production is considerably reduced but ATP 
synthesis is still possible. In quite a number of studies a posi-
tive effect of MU on lifespan has been demonstrated (see, 
e.g., [59]). In particular, the well-known uncoupler 2,4-
dinitrophenol (DNP) behaved, in "mildly uncoupling" con-
centrations, as a geroprotector (anti-aging factor) in experi-
ments with mice, drosophilae, and yeast. However, it re-
mained unclear whether the anti-aging effect of MU be-
comes apparent at the organism level only, or whether it 
could be demonstrated even at the level of cell population. 
Therefore, we investigated [60] the effect of DNP on growth 
and "stationary phase aging" (during one passage) of Chi-
nese hamster transformed cultured cells of the B11-dii 
FAF28 line. Surprisingly, it turned out that DNP at mildly 
uncoupling concentrations had no effect on the kinetics of 
the cell culture growth and subsequent dying out in the sta-
tionary phase. In other words, the true (real), at this time, 
control and experimental survival curves of the cultured cells 
were essentially the same. Besides, at none of the concentra-
tions used, did DNP increase cell viability as evaluated by 
the colony-forming ability of the cells. At the same time the 
compound, as we already knew, had prolonged the life of 
experimental animals, significantly shifting the survival 
curve to the right. It looked like the geroprotector did not 
influence cell aging, although it did influence animal aging. 
Similar results used to be obtained rather often in experi-
ments investigating the effects of various antioxidants on 
"aging" of cultured cells [2, 61]. 
 Naturally, we found it quite conceivable that the problem 
was in differences between the working DNP concentrations 
used in vivo and in vitro. It is possible that (1) the DNP con-
centration in our experiments could be "non-mild-
uncoupling" or (2) DNP induced MU but had no effect on 
cell aging in the model system used. However, one explana-
tion still remained that, in general, cast doubt on all our for-
mer experiments on cell cultures. 
 A very important goal was pursued through introducing 
cell culture experiments into the practice of experimental-
gerontological studies, and this was (among others) the in-
vestigation of "age-related" cell changes without any effects 
from the macroorganism and, particularly, from the neuro-
humoral system. Basically, the idea was to proceed from the 
assumption that in any cell harmful changes arise, leading 
subsequently to the malfunction of tissues and organs and, 
finally, to an increase in death probability for the whole or-
ganism, that is, the aging process. Thereafter, if some prepa-
ration suppressed the accumulation of the harmful defects, it 
could be expected that it will behave as a geroprotector in 
experiments on animals. But what if the compound has no 
effect on cell aging? Does it mean that it will have no effect 
(either positive or negative) on macroorganism aging as 
well? Perhaps, numerous age-related changes (not necessar-
ily "bad" in terms of cell viability) in cells just trigger some 
mechanisms manifesting only at the organismal level and 
leading, eventually, to an increase in death probability, i.e., 
aging. A recently published "lunasensor" theory by A.M. 
Olovnikov [62, 63] fits the assumption very well. According 
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to this theory, the gravitational variations defined by the lu-
nar cycle (because of the moon’s movement) induce some 
changes in epiphysis (pineal gland) cells (via so called “brain 
sand”). However, these changes are not harmful to the cells 
and have no effect on their viability. They just lead to release 
of neuromediators (neurotransmitters) moving toward the 
hypothalamus and “switching on” the processes inducing the 
aging of the whole organism. 
 Thus, by eliminating the effects of the central nervous 
system and hormones on cultured cells, we, very probably, 
made a serious mistake. The data obtained in cytogeron-
tological experiments should be double-checked on labora-
tory animals and, if it complies with ethical regulations, even 
on humans. Unfortunately, this will greatly postpone the 
potential for a significant gerontological breakthrough, but 
this will ensure accurate conclusions.  
 In summary, 100 years of cytogerontological studies 
have shown us that:  
1. The classic definition of aging is ignored very often.  
2. To all appearances: 

• ALL cells of an organism change during aging 
(with no exception). 
• The notion CELL AGING is still very vague. 
• At the moment we cannot explain the aging of 
multicellular organisms at the cellular level only. 
• And those explanations are not needed – aging 
proceeds AUTOMATICALLY being determined by 
consequences of the development program. 
• If all the above-mentioned statements are true, then 
it seems that to fight aging is possible in one way 
only – improving the functioning of the systems ei-
ther preventing appearance of harmful defects or 
providing their repair. 

3. And maybe God does exist? 
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