
The whole history of ideas and concepts in biology of

aging may be shortly characterized as the history of a

search for the biological “clock” of aging. Selection of the

“clock” determined approaches for treatment of a mech�

anism of this clock that could increase longevity and

operative effectiveness of this “fragile” mechanism. The

existence of a large number of theories and hypotheses

explaining mechanisms of aging reflects the disappointing

fact of the absence of a generally established universal

theory [1]. L. Hayflick was right stating [2] that any theo�

ry of aging should answer at least three questions.

1. Why are living organisms subjected to progressive

and irreversible reduction of physiological functions at

the last (declining) part of their life?

2. Why do intra� and interspecies differences in

expected duration of life or aging rate exist?

3. Why do such experimental treatments as nutri�

tional calorie limitation attenuate the onset of numerous

physiological and pathological changes and increase aver�

age and maximal duration of life of experimental ani�

mals?

Since genetic and environmental factors may influ�

ence aging processes several additional questions are

quite reasonable.

1. Do the factors which influence aging and age�

related diseases operate independently from each other?

2. Do age�related changes in the organism increase

susceptibility for diseases or do diseases develop inde�

pendently and “create” a certain background for acceler�

ation of aging?

The latter question is especially important because a

correct answer would link cell immortalization (i.e., fac�

tors of external and internal media leading to cancer

development) and aging of the organism.

Finally, there is the other principal question: Can we

influence the aging process in man?

The recent decades are characterized by the intro�

duction of molecular biology and gene engineering meth�

ods into life sciences. This resulted in cardinal changes in

our knowledge on the nature of aging and the appearance

of theories of aging based on late and the latest experi�

mental data. In 1971 using new data on principles of

DNA synthesis in cells A. M. Olovnikov proposed a

hypothesis of marginotomy [3], which represented a basis

for the telomere theory of aging. Olovnikov suggested that

during template synthesis of polynucleotides DNA poly�

merase is unable to reproduce the whole stretch of the lin�

ear template and the resultant replica is always shorter in

its marginal part. Thus, each cell division is accompanied

by shortening of cellular DNA and this phenomenon lim�

its proliferative potential of the cell and acts as the

“counter” of number of cell divisions which determines

life span of the cultivated cells. In 1985 telomerase, the

enzyme adding nucleotides to shortened telomeres in

infusoria, sex cells, and tumor cells (and imparting

immortalization to them) was discovered [4]. This discov�

ery gave a “new life” to Olovnikov’s hypothesis and stim�

ulated numerous studies. These studies revealed many

fundamental facts of the biology of a cell and its individ�

ual life span. These studies also stimulated hot discussions

on the role of telomeres and telomerase in basic process�

es underlying the fate of cells and whole organisms in

terms of aging and death and also malignization (immor�

talization). Some authors even question the correctness of

extrapolation of in vitro data to in vivo processes and

extrapolation of data obtained on experimental animals

(e.g., mice) to processes occurring in man [5, 6].

Now we are offered a new hypothesis of aging which

appears to answer all six key questions required to be

answered by universal theory of aging. The set�point of

Olovnikov’s new hypothesis [7] consists in a reasonable

notion that some control function for biological time
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coupled to aging process still remains terra incognita,

because structures underlying biological time of living

organisms still remain unclear (we will consider this point

later). The paper begins with well�written principles of

molecular and cell biology suitable for students of the

School of Biology. However, soon the reader desperately

wants to look for literature references in Internet on the

unknown structures which are so brightly described by the

author. I was very surprised to learn complete absence of

any reference for any unknown structure. Finally, I real�

ized that Olovnikov developed some model of genetic

structure which contains “unreal personages”. Being

involved into collaboration with serious mathematicians

working on mathematical imitation modeling of process�

es involved in aging of various organisms (from yeast and

nematodes to man and population of whole countries) I

have become adapted to their language, which is too for�

malized for me, medical doctor by specialty and biologist

by occupation. So I decided to continue this fascinating

reading and made a break only at the list of references.

Moving among fantastic description of unreal (or it

is better to say undiscovered) organelles and mechanisms

of their work within the cell, I gradually distinguished

some contours of slightly recognizable structures. During

subsequent reading I found some familiar “guides” and

became more confident in that different fantastic World

opened by the author without any warning.

What does this new work by Olovnikov represent? It

represents well formulated description of hypothetical,

i.e., completely unknown in modern science microstruc�

tures of the cell nucleus. These structures have bright and

well�sounding names: redusome, printomere, protoprinto�

mere, chronosome and chronomere with pro�

tochronomere, acromere, and acrosome. Olovnikov pro�

poses clear description of some hypothetical mechanisms

responsible for interaction of these structures. This results

in a logic system containing contours of known or possi�

ble principles. The introduction ends by clear definition

of biological time, which (according to Olovnikov) repre�

sents span of sequentially changed events of individual

development and this span is measured and controlled in

higher animals by the organism itself on the basis of

changes of genetic composition of shortened

chronomeres. At this moment introduction of a new

organelle (chronomere) does not cause deep intrinsic

protest. Two other postulates do not cause any objections,

because the referee completely agrees with them:

“Biological time is characterized by stepwise rather than

gradual run. Biological time and astronomical time run

independently.”

In the next part Olovnikov introduces a course of this

new science. He describes in detail his hypothetical struc�

tures and their properties and activities. I call this course

the “glass�beads game for beginners” which was brightly

described by Herman Hesse in his novel. The key role in

this new structural and functional organization of a living

cell belongs to a “printosome”–“chronomere” couple.

According to Olovnikov’s hypothesis they are involved in

control of biological time and aging, but printosome and

chronomere play different roles and their (printomere

and chronomere) DNAs undergo different time�depend�

ent shortening. At this moment a reader not very well

familiar with Hayflick’s limit problem might conclude

that Olovnikov begins to exploit again his good old mar�

ginotomy theory in attempts to omit accumulated contra�

dictions in this theory. However, as one character of

Russian history said the reader won’t be right again,

because at this moment Olovnikov begins an advanced

course for the “glass�bead game”. He introduces certain

principles for the interaction of structures which should

be formulated even if these structures do not exist,

because these principles are related not only to the hypo�

thetical structures, they involve into the sphere of interac�

tion known structures and principles, which still exist as

“beliefs” and require better understanding and interpre�

tation. (Here I use the term “belief” to describe simple

lack of knowledge rather than the religious attitude to

some fact. Known Russian biologist Aleksandrov describ�

ing translation process indicated that “messenger RNA,

enters cytoplasm” and he indicated that the word

“enters” hides “the abyss of our lack of knowledge” [8].)

So, Olovnikov explains to his readers what printo�

somes and chronosomes are doing and how they function.

For example, the “mission of printomeres consists in

solution of problems of interpretation and memory of

position information during morphological differentia�

tions”. Dealing with the mission of printomeres the read�

er naturally comes to idea that it cannot be otherwise,

because the telomere system of the cell (like the

Ptolemaic system) is not entirely logical (harmonic).

In the next part Olovnikov deals with basically bril�

liant idea of chronomere, which measures time of the

individual development by a “chronomeric ruler” local�

ized in neuroendocrine cells. According to Olovnikov the

chronomere is responsible for directed flow of biological

time during eternal repeat of individual development of

organisms. He describes further principles of chronomere

organization, its functioning and why (at least at the level

of the neuroendocrine cells) biological time is character�

ized by a stepwise run (because of stepwise loss of

chronomeric genes). Olovnikov suggests that the rate of

chronomere shortening may be reduced in a senile peri�

od. This is consistent with modern notions on slow down

of aging processes in the senile period [9].

According to Olovnikov viewpoint the central nerv�

ous system (CNS) is the initial substrate for aging and

within CNS cells DNA is the primary substrate for aging.

This is a principally important viewpoint which is sup�

ported by experimental results. For example, Akifiev and

Potapenko [10] demonstrated that incorporation of 5�

bromo�2′�deoxyuridine (BrdUrd), a synthetic analog of

thymidine, into DNA caused mutations. Aging related to
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BrdUrd�induced damage of hypothalamic structures was

demonstrated in rats and mice [11, 12]. Addition of

BrdUrd to a cell culture also accelerated cell aging [13].

Data on tissue�specific differences in age�related accu�

mulation of mutations do not contradict this hypothesis

[14, 15].

Olovnikov believes that age�related changes in ener�

gy homeostasis are ultimately important for life span. In

the seventies of the last century V. M. Dilman [16] sug�

gested that gradual increase in the threshold of sensitivity

of the hypothalamus–pituitary system to homeostatic sig�

nals from peripheral endocrine glands is a basis for aging.

Olovnikov draws our attention to recent and very impres�

sive studies in modern gerontology. Experiments on C.

elegans revealed that mutations in genes encoding pro�

teins involved in insulin signaling in neurons significantly

increased life span of these nematodes [17, 18].

Olovnikov suggests that this effect cannot be attributed to

unfavorable changes in free radical formation because

their production in wild�type cells should be maximally

equilibrated by the functioning of antioxidant defense

system(s). Nevertheless, he leaves unanswered the ques�

tion on mechanism(s) underlying the positive effect of

mutations in neurons on life span of C. elegans. In other

words, the key question why changes in energy metabo�

lism of C. elegans reduce the aging rate still remains.

Recently, it was shown that addition of 1�butyl�biguanide

increased life span of C. elegans by 23.4% [19]. Earlier it

was found that anti�diabetic biguanides increased tissue

sensitivity to insulin and decreased threshold for sensitiv�

ity of hypothalamus to homeostatic signals in rats and

mice [20, 21]. Anisimov et al. studied age�associated

allele distribution for the apolipoprotein C�III gene T�

455C polymorphism [22]. The latter (T�455C) is located

in the apoC�III 5′�untranslated region within a function�

al insulin�response (IRE) element. These authors found a

correlation between frequencies of the mutational event

in IRE of human APO CIII gene and life span [22]. This

suggests that the mutation in insulin signal transduction

system located below daf�16 gene is directly linked to

longevity [22]. In this part of the paper, using proposed

mechanisms regulating new (hypothetical) structures

Olovnikov gives plausible explanation of possible reasons

for interspecies differences in life span.

A large section of his paper Olovnikov reserved for

analysis of the role of biological rhythms in measurement

of biological time. He suggested so�called T�rhythms,

and infradian biorhythms of neuroendocrine system

activity are the best candidates for the role of these

rhythms. Emphasizing the special role of changes in

energy metabolism for the rate of aging, Olovnikov sug�

gests that T�rhythms should be based on rhythmic hor�

monal activity of the GH/IGF�I axis and the existence of

such rhythmic secretion of growth hormone and IGF�I

has been already recognized [23]. The authors suggest

that oscillation of calcium ions, second messengers in sig�

nal transduction from hormone�activated receptors of

plasma membrane inside cell, may regulate gene tran�

scription. Certain frequency characteristics of hormonal

bursts operating in T�rhythms and acting via intracellular

oscillation system may be involved into arrangement of

superintensive transcription of certain genes. Olovnikov

illustrates this idea by convincing evidences that demon�

strate the existence of such (or similar) mechanisms.

Olovnikov’s idea on chronomere localization in

CNS regions does not cause objections and dogmas on

the role of hypothalamic structures and their age�related

mechanisms of aging are rather correct and consistent

with the framework of the whole hypothesis. Olovnikov

reserves an especially important role to the pineal gland

which is generally considered as “aging clock” and to its

hormone, melatonin, the main hormone regulating cir�

cadian rhythms in the body [24, 25]. To support his

hypothesis Olovnikov cites data on the involvement of

calcium ions in mediating melatonin action and its oscil�

latory synthesis and secretion [26] and melatonin�

dependent expression of genes regulating calcium release

in cells [27]. Subsequent development and deepening of

Olovnikov’s hypothesis should include data on circadian

and other oscillations and their genetic control in all cells

of an organism which function even in vitro [28�30] and

reevaluation of the key section in the hypothesis on the

regulation of T�rhythm. In this connection it is relevant

to mention that one chapter of a recently published

review on coordination of circadian rhythms in mammals

was dedicated to so�called nuclear timesome [31] and

protein complexes mCRY–mPER–CKIε/CKIδ associ�

ated with transcriptional factors CLOCK and BMAL1,

regulating transcription of circadian rhythm genes seem

to play the role of this timesome [32]. This might repre�

sent a reasonable appendix to Olovnikov’s chronosomes!

Within the framework of his hypothesis Olovnikov

considers further such important problems of modern

gerontology as mechanisms of in vitro aging of nonprolifer�

ating cells, Werner’s syndrome, and the role of telomeres

which may serve as a witness rather than direct participant

of cell immortalization. The author gives very interesting

interpretation of data on reduction of life span in transgenic

mice with excess of overexpressed telomerase [33]. (This

paper induced very vivid and still continuing discussion in

the literature.)

The chapter entitled “How can the notion of redu�

somes help to overcome the main current difficulties in

the biology of aging?” is very interesting, because readers

meet a whole firework of suggestions. Olovnikov suggests

that a principal feature of his “program of aging” operat�

ing on the basis of interaction between T�rhythm and

chronomere DNA consists in dynamic changes of mate�

rial carrier of this program and lack of any special genes

responsible for realization of the aging program. This sug�

gestion does not contradict modern concepts on candi�

date aging genes in man [34, 35] and the latest data on
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age�related time�course of transcriptome expression in C.

elegans [36, 37].

The new hypothesis may explain some “problemat�

ic” points of Hayflick’s concept and the intriguing fact

that telomere length does not correlate to species longevi�

ty. Some of Olovnikov’s notions correspond to known

tenets in science and therefore can be interpreted as their

subsequent development. For example, Olovnikov indi�

cates that “impairment of extracellular environment pro�

motes impairment in effective functioning of cells during

aging of the organism, and the quality of environment

deteriorates in dependence on chronomere shortening in

CNS and hormonal and neurotrophic supply to all target

cells deviates more and more from optimum which was

achieved in youth”. As Olovnikov mentions there is anal�

ogy with the “law of homeostasis deviation” formulated

by V. M. Dilman [16].

Within the framework of his hypothesis Olovnikov

also considers the exponential age�related increase of fre�

quencies of cancer incidences. Discussions on the role of

telomeres and the role of cell senescence in cancer

became especially hot in recent years [5, 38, 39].

According to Olovnikov, “Cell senescence does not repre�

sent a mode for anticancer defense (as it may be suggest�

ed here) via slowing cell divisions, apoptosis, etc., as it is

often suggested in the literature. Moreover, cell senes�

cence itself is obviously the main factor provoking (even

in the absence of exogenous carcinogens) appearance and

developments of neoplasms.” I agree with this viewpoint

and am its supporter. Skeptical position of the author on

the effectiveness of treatment with antioxidants as gero�

protectors is also supported [40]. At the same time I am

not confident to analyze Olovnikov’s explanation of one

of the oldest mystery of genetics, the non�accidental gene

linkage in chromosomes. However, the schemes within

his speculative hypothesis seem to be rather logical.

The final section before conclusion deals with facts

obtained in certain studies (particularly cytogenetic ones)

which may support possible existence of redusomes. Of

course examples given in the paper require independent val�

idation and only single�minded search may confirm or

refute their reality. Some aspects of this hypothesis expressed

as suggestions are now well known and therefore they may be

interpreted as arguments for support of this hypothesis.

Slow down of aging processes in the senile period

reflecting the reduction of mortality rate is considered as

one of the most intriguing discoveries of demographic

studies of longevity [9, 41]. However, it remains unclear

why reduction in the mortality rate observed in older ages

is also observed in yeast, worms, and drosophila [41, 42].

Olovnikov suggests that the reason for this phenomenon

might consists in a decrease of chronomere transcription

rate and, consequently, in more economic consumption

of their remnants in very old humans. During the last 160

years expected human longevity in the most economical�

ly developed countries has increased by three months per

year [43]. This is related to radical changes in style of life

and achievements of civilization and medicine. However,

how can we explain increased life span of some laborato�

ry animals [42]? Interestingly, a tendency for reduced

mortality was noted in male mice maintaining under

standard condition of the same animal house during a ten

year period (from 1988 to 1998); at the same time mortal�

ity of female mice increased in spite of stable weight of

male and female animals [44]. It would be interesting to

know Olovnikov’s interpretation of this “challenge” from

demographers. Another important problem which still

requires exhaustive explanation is the nature of the

increase in longevity induced by mild stresses [45].

Hypothesis pretending to be a universal should also pay

some attention to plant aging especially in terms of the

biological time of plants.

It should be noted that the redusome theory provides

a definitive answer on very old (but still unsolved) ques�

tion whether a program of aging exists. According to

Olovnikov, the program of organism aging not only exists

but represents a part of wider species strategy directed to

protection of gene pool of the whole species [46, 47] and

aging of organism as a part of sequential events of its

development proceeds on the basis of universal mecha�

nism of chronomere shortening.

In conclusion, Olovnikov summarizes his hypotheti�

cal constructions of beautiful in its harmony hypothesis

into simple dogmas, which do not seem to be so fantastic

and do not look like the glass�bead game at the end of

reading. Perhaps Olovnikov’s manuscript looks like a text�

book for biology which we mysteriously received from the

far future. I have read this manuscript “on a single breath”

as I used to read my favorite books by Asimov and

Shackley. I enjoyed reading this manuscript which is

excellent in deepness of analysis of material, in clear com�

positions and fine writing. Unquestionably this manu�

script may by published under the heading “Hypothesis”.

I do believe that Olovnikov is one of the few distinguished

scientists who has undoubted right to publish such manu�

scripts in the submitted version. Some comments or (more

correctly) specifications and additions which I have made

may be used for subsequent work on this hypothesis,

which gives great stimulus to look for this wonderful and

beautiful world opened for us by A. M. Olovnikov. 

How long will it take to confirm this hypothesis?

Which questions should Olovnikov answer for us? Which

new problems appear in medicine? What can the scientif�

ic community do for accelerated verification of this

hypothesis in order to avoid a quarter of century waiting

which passed since the first publication of marginotomy

hypothesis in 1971 up to its verification at the end of XX

century? This period of waiting significantly reduced our

telomeres and as we know now redusomes as well. (The

latter is even more important.)

I think that limits of a paper in a scientific journal are

too narrow for Olovnikov and his hypothesis should be
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published as a monograph. I do believe that any scientific

journal would by happy to publish this paper by

Olovnikov. His work was supported by a grant from

Russian Foundation for Basic Research (RFBR). This

also suggests high level of this theoretical consideration

made by Olovnikov, but vice versa this work increases the

authority of RFBR by “a feedback mechanism”.

Astronomic time (which as we known now is independent

from biological time) will show whether this hypothesis

will be verified or not. If yes, we will get a key to control

biological time.
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