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There are no fundamental biological reasons why a living organism has to age. Several examples of non-senescent organisms can be found among primitive animals. However these organisms age when they are not in optimal environmental conditions. It is reasonable to suppose that the same simple reason for this may also be the basic cause of senescence in human beings and some other complex organisms with a life history that incorporates repeated reproduction. Firstly, the somatic stem cells of mammals exhibit the properties of potentially non-senescent systems. Secondly, the Strehler-Mildvan correlation between the parameters of mortality statistics for people living in different countries/conditions is exactly the same as the mortality pattern for hypothetical populations of potentially non-senescent organisms, which do, however, experience senescence as a result of functioning in living conditions that to varying degrees prevent the total self-maintenance of the organisms.
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Introduction


Both the causes of and processes involved in aging remain unclear. A heterochronic parabiosis reveals that senescence is an actively regulable process [4]. Together with this finding the biological age problem has elucidated variability in the rate of age-related changes connected with senescence [26,35]. But until now principles which would make possible an evaluation of theoretically attainable minimal rate of senescence realizable in conditions, which induce organisms to function optimally have not yet been elaborated. At the same time a preliminary analysis of the facts taken as a whole shows that they are compatible with the hypothesis that living conditions exist which are conducive to a significant deceleration (theoretically to a rate of zero) of the human aging process.


Cellular background of non-senescence


Famous Hayflick’s effect - the gradually loss of the proliferative capacity in fibroblasts and other cells in vitro may be a manifestation of cellular maturation and terminal differentiation but not of the true senescence of cells [2,13,18,31]. The limitless proliferative potential which somatic stem-like cells are thought to possess [13,18] is clearly revealed by means of in vitro restoration of the stem cell supporting microenvironment [33], or by removing differentiating stimuli from the cell culture [21], or by adding differentiating inhibitors to cultural medium [23], etc. The same effect can be achieved by the constitutive expression of proto-oncogenes, which encode the nuclear immortalization proteins of the MYC type [29] and some others. The important function of these proteins is the blocking of cellular differentiation [7,9,25]. The decade later there are the same results, obtained by means of telomerase constitutive expression [3,34] and the same plausible explanation of it via differentiation blocking [19,28,38]. The foregoing proves that anti-aging processes [8,11] can, in principle, successfully counteract cellular deterioration and shows the essential futility of attempting to search the aging primary causes by purely cytological methods at the cellular level. 


This conclusion takes us to the position of Carrel [5], who has suggested many years ago that in certain conditions a cell population can exist outside an organism for an unlimited period, and that the primary causes of organism senescence are located outside cells. Some researchers agree with the view that the aging of the whole animal is more a function of breakdown in integrative mechanisms than of changes in individual cells [27,30]. Even age-related changes of non-dividing long-life cells, such as neurons or cardiomyocytes, not connected with their maturation and differentiation, may be a consequence of senescence, and not its primary cause.  Why, in this case, does an organism hypothetically composed of potentially non-senescent cellular population age?


An organism-environment interaction and aging


A number of scientists have tried to answer above-mentioned question from different standpoints [22,27,36].  My view is, that  the answer might be found by taking into account the influence of all external factors that induce organisms to function in one physiological regimen or another, because the effectiveness of self-maintenance may depend not only on the structural and/or functional peculiarities of an organism but also indirectly on the external conditions in which it exists. Exactly as an enzyme activity has a bell-shaped dependence on temperature, pH etc. Therefore, one can assume that the control system of a potentially non-senescent organism is able to sustain a physiological regimen of complete self-maintenance not in any circumstances but only within a certain range of changes in the total external conditions known as «environmental pressure». Outside the zone of optimal environmental pressure self-maintenance will be incomplete. The reserve capacity of organism will start to diminish, and it will begin to age. In support of this chain of arguments are the following facts. It is common knowledge that reducing below a critical level the values both in the concentration of nutrients in the habitat of amoebae and the water temperature in an aquarium with hydras leads to the senescence of these potentially non-senescent creatures [6,20]. That is to say that by changing external conditions one can cause primitive non-senescent organism to age [6,20]. Therefore, the possibility that the same cause may lie at the base of human senescence should not be discounted; the more so because it is supported by the correlation between parameters of mortality statistics for different countries, the populations of which live in varying climatic, social and economic conditions  (Fig.1).


Strehler-Mildvan correlation as a key regularity of non-senescence concept


Aging appears as a progressive increase in frailty and in the death likelihood from randomly distributed causes [6,13,20,32]. We can estimate of it statistically, upon population as a mortality rate growth. The demonstration of such an increase in age-related vulnerability and frailty is a necessary condition for demonstrating aging [6,13,20,32]. For this reason the data of mortality statistics are virtually essential to test any pertinent aging theory. It can be see (Fig. 1) that the inverse correlation between the parameters of death statistics [32] fit our working hypothesis.


In Fig.1 each point represents one human population in particular year. As a rule, in the top left position are found populations of the under-developed countries; and in the bottom right position are populations of the developed countries. The arrow indicates the trend of population changes throughout the course of civilization. A - men of different countries [32] and some human populations [14,15]. Dotted line - the pattern of mortality statistics for potentially non-senescent human beings in «non-senescent» (a=0) and «senescent» (a>0) conditions. A linear approximation of this correlation is characterized by two constants: the point of intersection with the ordinate axis (0.05 year-1) and the degree of the incline of the line (68.5 years) [32]. B - men of Finland 1931-1971 after removing possible influence the background mortality rate not related to age [12]. Solid line - the Strehler-Mildvan correlation with constants 0.05 year-1 and 68.5 years [32]. This conformity is confirmed by data for other countries over a range of different years, which was published in the Gavrilovs’ papers cited in their monograph [13].


The total environmental  pressure is expressed in this mortality pattern in generalized terms by the level of the initial mortality rate Mo. Organisms «strive» to occupy positions in ecological niches with minimal environmental pressure so as to minimize the initial mortality rate and to maximize survivability and life expectancy, despite the onset of senescence, an age-related increase in mortality rate and fall in longevity records. So lowering environmental pressures beyond the critical threshold must result in senescence, which is statistically expressed in age-related rise in mortality rate [6,13,20,32]. As this takes place the relative rate of the increase (kinetic parameter a in Fig.1, which is connected with a rate of aging) is greater the farther real environmental pressure is from the critical threshold at which senescence is not yet observed. This Strehler-Mildvan correlation is similar to the mortality pattern for populations of potentially non-senescent organisms, which age in conditions preventing, to varying extents, the complete self-maintenance of the organisms.


It should be noted that Strehler and Mildvan support another interpretation [32] of this important correlation, which is undeservedly so little used in gerontology. The Gavrilovs claim that it is a false correlation arising from variations in the background mortality rate not related to age [12,13]. However, after having removed the possible influence of this factor they became convinced that the pattern is stable [12] (Fig.1B). Furthermore, the same authors have demonstrated that there is a similar correlation for fruit fly Drosophila melanogaster [Fig.24 in ref.13]. So, the regularity is true both for man [32] and for Drosophila melanogaster [13]. It can be see,  in this correlation pattern, that the increasing in the value of the initial mortality rate parameter Mo in the transition to more unfortunate populations or to more hard environmental pressure is compensated by a decrease in the relative rates at which it grows with age (aging rate parameter a). The extrapolated value of the Mo, at which a=0 (absence of aging), is about 0.1 day-1 for D. melanogaster [Fig.24 in ref.13] and 0.05 year-1 for man [32] Fig. 1. That is, the inverse values, or their life expectancies in the hard natural hypothetical non-senescent conditions, must be about 10 days for fruit flies and about 20 years for men. It can be see, that these life expectancies are long enough for the successful reproduction of its populations. That is to say that the Strehler-Mildvan correlation is compatible with our hypothesis. Unfortunately, this very important correlation is undeservedly little used or even misused in gerontology. 


Long-living lens proteins


The weak spot of this potentially non-senescence conception is the lack of protein synthesis in the differentiated lens fiber cells [17,24]. Since these lenticular cells are never shed, the lens core contains cells as old as the organism itself [17,24]. In contrast to the rapid rate of protein turnover in many organs, the proteins in lens exist for decades [17,24]. In this connection they must be undergone inevitable post-translation modification and denaturation. However it doesn’t happen in norm, because the lens proteins - crystallins are not only passive structural entities, but are functional components of long-living self-maintaining multi-molecular system. Some kinds of crystallins are very like a protein S of bacterial spore coat [1,37]. This protein is very long-living and saves the spore practically for ever. Another kinds of crystallins are examples of the recruitment of enzymes, chaperones/heat shock proteins and other functional polypeptides to a new structural role [16,17,24]. The functional activity of the crystallins in optimal humoral conditions may protect them against denaturation, photochemical damage and other undesirable modifications. That is to say, the features of crystallins are consistent with our working hypothesis about the origin of aging.


Conclusion


There is certainly a strong environment component to aging in most organisms. The solid evidence that aging is susceptible to environmental and genetic modification opens up the distinct possibility that human aging could be significantly retarded by appropriate genetic and environmental intervention [10]. A lot of researchers have explored genetic intervention. In this paper I offer the simple model of total environmental influence on the aging rate. This model is mainly based on our interpretation of the Strehler-Mildvan correlation. The interpretation suggest, that the human body and some other potentially non-senescent complex organisms, with a life history that incorporates repeated reproduction, experience senescence in conditions preventing the total self-maintenance of organisms due to inadequate control system regimen. The individuals «strive» for these mild conditions in order to minimize the chances of instantaneous death. Both realization of this fact and an understanding that the human body consists of telomerase-positive potentially non-senescent somatic stem-like cells, make it possible to embark on a search for living conditions, physiological regimens and some pertinent means which reduce aging as far as desirable.
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LEGEND


Fig.1.    Mortality statistics pattern for potentially non-senescent organisms in varying conditions and the inverse correlation between the parameters of human beings mortality statistics - the Strehler-Mildvan correlation. Abscissa - kinetic parameter a (year-1), connected with a rate of aging. Ordinate - a logarithm of the extrapolated initial mortality rate logMo (year-1). 
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Влияние окружающей среды на паттерн смертности потенциально нестареющих организмов. Общий подход и сравнение с реальными популяциями
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Удовлетворительные фундаментальные причины для объяснения старения до сих пор не найдены. Среди примитивных одноклеточных и многоклеточных видов имеются примеры нестареющих организмов. Однако и они начинают испытывать старение, находясь в неадекватных внешних условиях. Есть некоторые основания полагать, что эта же простая причина может лежать в основе старения и более сложных организмов, для жизненных циклов которых характерны повторные репродукции. Во-первых, соматические стволовые клетки проявляют свойства потенциально нестареющих самоподдерживающихся систем. Во-вторых, корреляция Стрелера-Милдвана между параметрами статистики смертности людей, живущих в разных странах (условиях), совпадает с картиной смертности, ожидаемой в гипотетических популяциях потенциально нестареющих особей, которые, тем не менее, должны испытывать старение из-за функционирования в условиях, в разной степени, препятствующих полному самоподдержанию организмов.


Ключевые слова: первопричина старения, темп старения, влияние среды, замедление старения 
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