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Aging is the greatest problem of the human kind, as some of the oldest literary works show it, depicting the feelings of despair and horror people experience when they face it, as well as the pursuit of eternal life and youth as the only hope of defeating it. In the Ancient times, a dangerous and violent period of our history, death could have a lot of causes, but the ultimate cause of it was aging, which gave no chance to any human being.

Then, most of the time, the solution was seen as residing in magic and the supernatural. But now, it comes to modern science, the real and powerful wonder weapon, is the only one which can provide a viable solution. Maybe solving aging is the most important scientific challenge, although most medical researchers do not think it is possible, and aging is not even considered a disease, but a natural process embedded in our genes. Some researchers even propose a putative genetic program of aging. Any treatment must be more or less palliative, not addressing the ultimate roots of aging.  

Unfortunately, we are not traversing a period of challenging nature, but submitting to her mysterious laws. In order to submit to nature's laws, we have to know them.

Aging has intrigued me since childhood. I was in 3th grade when I decided what I wanted to do in my life: to solve aging. Being born in a country where the first institute of gerontology and geriatrics, as well as the first anti-aging product was created, encouraged me and made me think this endeavor was worth pursuing. Beyond any therapeutic and scientific value, this product and this institute inspired me believe that a cure for aging was possible, but first of all, a scientific approach of aging was very close to me. Ana Aslan, who founded that institute around an empirical discovery of some therapeutic effects in age-related diseases of a local painkiller (procaine, chemically related to cocaine), would have done so much for gerontology, even if her only success was to transform aging into a medical problem (and business).

I studied biochemistry in order to become researcher and study aging. Biochemistry was ideal, because it is about life's deepest mechanisms, I thought. After I graduated and got a master degree in neuroscience, I got a job  at the “Ana Aslan” institute and started to follow my dream. Since then, every day of my life I have not stopped thinking of aging and its mechanisms, trying to understand it.

But in order to understand aging, one has to understand life. And the backbone of life is evolution. Life is, first of all, evolution.

Starting from the study of aging, knowing the effects of caloric restriction, I came to the idea that this diet could have been an evolutionary force, at least during human evolution. I developed a new hypothesis of human evolution, based on a complex analysis of the physiological, genetic, biochemical differences between Homo sapiens and the most related species, Pan troglodytes and Pan paniscus. In 2007 I published a book that presents this hypothesis, The Civilization of Famine/The Human Evolution Seen from Another Angle.

Homo sapiens suffers from age-related or degenerative diseases that are rare or absent in the most related species (Pan troglodytes and Pan paniscus),which are type II diabetes melitus, cancer, autoimmune disorders, psychiatric disorders, autism, Alzheimer's disease. A hypothesis able to explain human evolution should also be able to explain the incidence and development of these disorders in humans.

One of the most important biochemical pathways altered by caloric restriction, (which also can be involved in human evolution, including the appearance of some specific human traits), IGF1 (insulin-like growth factor 1)-insulin pathway, is also altered in these disorders.

Human evolution is just a species' evolution. But the principles of evolutionary changes,  in biochemical terms, if verifiable, could be applied to any species. Aging is an evolutionary process, obvious in some species, but slow or negligible in others.

Based on these ideas, in 2015 I published a new hypothesis of aging, on evolutionary bases. although I developed it in 2012. This book is reflects my vision on aging. It is based on some articles I published during my PhD study. but not only. It starts with the intriguing facts related to aging I noticed in my lab, the developing of the new hypothesis of aging, which I called the biochemical hypothesis of aging, continuing with its theoretical predictions and implications related to other aspects of aging. This hypothesis was also experimentally exploited. New treatments targeting longevity, but also some degenerative disorders, were tested. A longevity study in mice had promising results. Some substances able to change the pace of aging in mice, could have anti-aging effects in humans and a patent based on these results could be filed.  Another experiment I conducted suggests that the fertility in old mice could be restored.

But this book is only the beginning of a process of developing new experiments, new theoretical implications and maybe new applications. Aging, beyond its scientific aspects, has huge social and economic implications. A solution for prolonging life and delaying aging is mandatory, taking into account the economic burden of the aging population. Although most politicians are not aware of this problem, a cure of aging is the best solution for this problem.
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Introduction

Since ancient times, as recorded in the Epic of Gilgamesh, people have been trying to find a solution to counteract the aging process. Here we will offer a critical analysis of some important data and hypotheses related to aging, as well as present our own hypothesis.

What is aging? How can we prevent it, and can we reverse it? There are a lot of hypotheses of aging (e.g., the free radical hypothesis, the hypothesis of neuroendocrine phenomena, the collagen hypothesis, and others), but none of them has a great predictive power. The experimental data available are often contradictory when it comes to supporting one or another of these hypotheses. The best known is the free radical hypothesis, and it is also the hypothesis on the basis of which most experiments were conducted and the largest amount of data was collected. It is a ‘gift’ of radioactivity, in the sense that it was radioactivity that inspired scientists to come up with this hypothesis. After the harmful effects of free radicals on health became known, it was presumed that free radicals, which appear in the course of some cellular reactions (such as mitochondrial respiration), but whose production is intensified in conditions such as inflammation or even obesity, might be responsible for the phenomenon of aging as well. But even this hypothesis has contradictory predictions. If free radicals are responsible for aging, then subjecting an organism to massive irradiation should result in accelerated aging. Indeed, radiation does affect cell division and the effective functioning of some tissues and organs, and it is responsible for grave illnesses and mass genetic mutations.

Exposure to radiation for therapeutic purposes leads to the acceleration of some processes that can be blamed on aging. For example, photoaging (the action of UV rays on skin with a low

amount of melanin) is responsible for fast skin aging in Caucasian people. Melanin has an antioxidant effect, it protects against UV rays by the nature of its structure. Exposure to radiation, for instance used in therapy, accelerates some aging processes in mammals such as humans, but the freshwater hydra (an organism composed of stem cells), when irradiated to the total destruction of its capacity for cell division, still regenerates, as from an irradiated and severed hydra results a smaller hydra, through cell redifferentiation [1].The hydra has a type of regeneration that is different from that of vertebrates, but this experiment shows that aging does not depend only on an organism’s capacity for cell division, but also on other biochemical processes.

In addition, although there are data that suggest that some antioxidant systems (antioxidant enzymes like catalase, superoxide dismutase, and glutathione peroxidase) are affected in the aging process, which would allow free radicals to attack, there is no correlation between the lifespan of a species and the efficiency of its antioxidant systems. Birds, a class of animals with high life expectancy, do not have powerful antioxidant systems, in all probability precisely because these organisms do not produce large quantities of free radicals, for instance as a result of mitochondrial activity [2]. Even more interesting is the fact that this situation holds for mammals that live for a long time, taking into account body weight. Naked mole rats (Heterocephalus glaber), rodents the size of a mouse which live for up to 20 years, have less efficient antioxidant systems than other rodents with a lower life expectancy [3]. Given these data, one may ask if, even considering the idea that the production and action of free radicals rises as an organism ages, their level can be so elevated as to produce the known phenotypic effects. Recent data weaken more and more the connection between free radicals and aging. In Caenorhabditis, the mitochondrial mutations connected to a reduced capacity to counteract the action of free radicals are actually associated with a longer lifespan [4]. Moreover, Paraquat, a toxic herbicide with a high capacity to produce oxidative stress, increases the life duration of these worms, whereas antioxidants appear to curb these effects [4]. The superoxide overproduction present in these mutants contributes to the increase in their life duration, through a different path than others involved in longevity. Aside from being the main source of free radicals, the mitochondrion is the source of cellular energy. Numerous data suggest that affecting the mitochondrial function leads to accelerated aging. Recent findings show that some old and obsolete drugs used for treating AIDS especially in third world countries produce accelerated aging by affecting the mitochondria [5]. Mitochondrial mutations accumulate on a large scale, but it seems this is just a faster turn-over of the mitochondria, which through poly-cloning, leads to a proliferation of already existing mutations. Still, stimulating mitochondrial activity in Drosophila through overexpression of the homologue of the mammal transcription cofactor PGC-1 (dPGC-1) in intestinal stem cells leads to an increase in life duration and slows the effects of aging [6]. A mitochondrial mutation associated with the alteration of the functions of this organelle in Caenorhabditis, Mit, produces an increase in life duration [7]. This mutation leads to a special metabolic footprint, distinct from aerobic growth. When the respiratory chain is affected, alternative energy sources are sought.

What is more, when energy production is affected by removing an enzyme that is important for energy metabolism (fumarate reductase), a new increase in life duration is observed. All these contradictory data on the effects of free radicals in aging and on altering the mitochondrion’s function as a cell power plant are interpreted in what follows in light of the new hypothesis of aging.
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What modifies the aging rhythm?

In order to build an image of aging as such, we will discuss some of the most important experiments on this process. The puzzle of aging could be solved if we take into account the conditions that favor accelerated aging, slow aging, or the disappearance of this phenomenon.

Rapid aging syndromes, under the generic term progeria, are genetic conditions given by mutations that often affect the integrity of genetic material, codifying enzymes involved in the architecture and repair of said genetic material [8]. Still, the genetic defect in the most spectacular Hutchinson–Gilford progeria, in which the aging rate is 8–10 times bigger than normal, is a protein in the nuclear membrane, lamin A [9]. A point mutation of the gene responsible for codifying this protein leads to a deficiency in its processing and its accumulation in the nuclear membrane, which takes on the appearance of a blebbing. The connection between these blebs and the modifications similar to aging they generate is not currently known. What is certain is that this protein does not appear to have a significant survival role, as KO mice for this protein exhibit normal embryonic development [10]. Also, it seems that lamin A accumulates in normal aging as well, even if this accumulation has a slower rhythm than in progeria. What is interesting is that some studies suggest that lamin A may be responsible for genetic modifications associated with aging, such as DNA defects, defects of the methylation of histones, which influence heterochromatine, and others [11]. The mutant version of lamin A also appears in cells from young, healthy patients, after several passages, and its accumulation in the nucleus in older healthy patients that is not accompanied by a rise in the mRNA responsible for its synthesis suggests that the protein processing apparatus of the cell might be to blame for this accumulation. In other words, we may speculate that the abnormal functioning of other proteins may lead to this phenotype in the case of aging.

The way in which the aging process is slowed in a wide series of phylogenetically distant organisms (from yeast to worms and even mammals) is caloric restriction (CR). CR represents a diet with all the necessary nutrients, but with a reduced caloric intake (for example, 60% for rats). The main target of CR is the signaling pathway insulin/IGF1 (insulin-like growth factor 1). Blocking a receptor equivalent to the mammalian insulin receptor boosts the life duration for Caenorhabditis worms by 50%. Recent data show that CR also acts on a nuclear receptor, NHR-62, with implications on lipid metabolism, which is modified in conditions of CR [12]. CR would also be involved in autophagy, which is likewise important in life prolongation. Until recently, CR was considered to be the only way to prolong maximum and average life expectancy for a large number of phylogenetically distant organisms. However, more recent experiments show that there also exist substances that could lead to similar results. Rapamycin, an immunosuppressant (actually an antibiotic), given to 600 day old mice – an age at which mortality touches 90% – lead to an increase in survival rate of 13% for females and 9% for males [13].

A different study suggests that the effects on life duration would also appear in mice that are given this drug at 270 days, when mortality reaches 51% in females and 68% in males. What is interesting is that rapamycin seems to modify the phenotype of progeria-affected patients, reducing those blebs on the nucleus [9].

Its target, m[TOR], is a protein that regulates cell growth, survival, proliferation and motility, protein synthesis and transcription. It







A model of aging













Predictions and explanations of aging-related phenomena offered by this model  
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