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« Lifespan enhancement could lead to a society 
where having several consecutive partners, 
several professional careers, several lives would 
be considered normal. »

« When the rich will be able to extend their life and 
the poor will not, the trench between these two 
pools will get deeper. »
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Chapter 1

In Search of the Elixir of Youth
I. Gupta,  K. Kakalacheva,  E. Saponara

«Live everyday as if you were to die tomorrow»

M. Gandhi

What would it be like if we were 

not to die tomorrow, the day after 

tomorrow or even for the next 100 

years or more? What would life be 

like if we were immortal and could 

live forever? A recent poll asked 

American citizens whether they would 

like to live to be 120 years old. 

The results were striking: although 

these respondents were eager to 

extend their life expectancy by 

another decade or so, more than 

fi fty percent were ready to refuse 

a treatment that would extend 

their lives beyond 120 years of age 

(Pew Poll 2013). 

We asked the same question 

to Professor Yves Barral, whose 

research explores the processes of 

aging in yeast (S. cerevisae), which is 

a single-cell organism that is widely 

used as an experimental model in 

biology. He believes that any interfe-

rence with human aging might alter 

the beneficial aspects of this natural 

process: “Personally, I don’t think I 

would like to live for 120 years or more. 

I live now. I live in the present. (…) As 

we see in the case of yeast, aging is 

not only bad, but it also has some 

beneficial effects such as ‘memory’ 

and ‘experience’. By circumventing 

aging our cells might accumulate 

many more damaging effects.” The 

main purpose of Professor Barral’s 

research is not to find a cure for 

aging but instead to analyze nature’s 

complexities and elucidate the 

underlying mechanisms of why we 

age. 

 The results of the poll and 

Professor Barral’s perspective are 

surprising; however, throughout 

history, the yearning for immortality 

has set many philosophers, scientists 

and dreamers alike on the quest for 

the “Fountain of Youth”. With the 

current blinding speed of technolo-

gical progress, which has unquestio-
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nably improved the manner in which 

we live, we may wonder whether 

science and technology will one day 

advance to such an extent that they 

will radically increase our lifespan 

and (why not) even make us immortal. 

This scenario may resemble 

science fiction, but a quick examina-

tion into recent history illustrates how 

lifespan and human life expectan-

cy have considerably increased 

over time. Contrary to common 

assumptions, humans in the Stone 

Age did not have an extremely short 

lifespan. They did, however, have 

a much lower life expectancy. In 

contrast to the lifespan measure, 

which is the length of time for which a 

species lives and is determined by the 

biological specificities of a species, 

life expectancy is an average value 

that represents the number of years 

to which people may expect to live. 

Life expectancy in the Stone Age was 

heavily influenced by infant mortality, 

which was somewhat common at the 

time. Therefore, on one hand, although 

the inhabitants of the Stone Age had a 

life expectancy of only 30 years, most 

who survived childhood had excellent 

chances of living to 55 years of age. 

The Agricultural Revolution that 

followed, on the other hand, brought 

with it the problems associated 

with settled populations, including 

water contamination and epidemic 

diseases such as cholera, smallpox, 

polio and influenza. Life expectan-

cy during that period was approxi-

mately 38 years (Goscienski 2003). 

Despite the subsequent urbanization 

and development of the Medieval 

and Victorian periods, life expectan-

cy did not increase beyond 40 years 

of age primarily because of rampant 

malnutrition and epidemic diseases. 

Not until the medical advances of the 

1900s did life expectancy dramatically 

increase to 70 years. 

 The social and technological 

developments that have occurred 

over the last century have more than 

doubled life expectancy. A child born 

today in Japan – a country with one 

of the highest life expectancies in the 

world – is projected to live more than 

85 years. The current upward trend in 

life expectancy in most industrialized 

countries is estimated as the addition 

of 2.5 more years of life with every 

decade. If this trend continues at the 

same pace, it will take only 60 more 

years for our descendants to reach a 

life expectancy of 100 years (Bostrom 

and Roache 2008). 

 The  factors that have contributed 



14

to the last century’s dramatic increase 

in human life expectancy are linked 

to medical progress (mainly in the 

use of vaccinations and antibiotics), 

improved sanitation and hygiene, 

richer nutrition and better education. 

Such an enhancement of human 

life expectancy might therefore be 

considered as the result of technolo-

gical developments. If these are 

the factors that have contributed to 

increasing life expectancy in the past, 

one might wonder what will be the 

factors that sustain or even accelerate 

this upwards trend into the future.

 Chronic age-related diseases, 

including cardio- and cerebrovas-

cular disorders, cancer and renal 

failure, are the leading causes of 

death among the elderly (WHO 2013). 

Nevertheless, the aim of increasing 

life expectancy does not necessarily 

mean prolonging life with chronic 

age-related diseases. Instead, 

increasing life expectancy should aim 

at minimizing the effects of age and 

age-related diseases by increasing a 

person’s health span, which can be 

defined as the years during which a 

person is healthy. But how can we 

achieve such a goal? 

 Aubrey de Grey, a theoretical 

gerontologist, proposes that aging and 

everything related to it can be reversed 

by “engineering senescence”. 

According to his theory, “implemen-

ting a series of periodic medical 

interventions designed to repair, 

prevent or render irrelevant all types 

of molecular and cellular damages 

that cause age-related pathology and 

degeneration, may avoid debilitation 

and death from age-related causes” 

(de Grey and Rae 2007). Ending Aging: 

The Rejuvenation Breakthroughs that 

Could Reverse Human Aging in Our 

Lifetime. New York, NY: St. Martin’s 

Press, 416 pp. ISBN 0-312-36706-6]. 

 However, a study that estimated 

the additional years that curing 

age-related diseases would bring 

points in a different direction. Thom 

and colleagues discovered that curing 

the number one cause of death in the 

developed world – cardiovascular-re-

lated disease – would add only seven 

years to a person’s life expectancy, 

whereas curing all cancers would 

contribute only three additional years. 

Obliterating cardiovascular disease 

and cancer altogether would prolong 

one’s life expectancy by approxima-

tely nine years (Thom 2006). Hence, 

rather different strategies should be 

deployed to radically increase our life 

expectancy. 
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 One such strategy might be 

to find methods for slowing down 

the aging process as a whole. To 

achieve this objective, scientists 

first must better understand the 

most minute details of the biological 

process of human aging and pinpoint 

the molecular targets that can stop 

or even reverse these processes. 

Currently, gerontologists – scientists 

who specialize in studying aging – are 

divided between two theories of aging; 

however, no unequivocal answer to 

the question of “why we age” has yet 

been found. 

 The first theory posits that, after 

our reproductive and parenting years, 

organisms undergo progressive wear 

and tear in their elementary biological 

constituents. This theory postulates 

that this damage can be caused 

by environmental factors such as 

exposure to radiation, toxins, ultravio-

let lights, and infectious diseases, all 

contributing to functional errors and 

the accumulation of damage in the 

body that ultimately leads to aging. 

 The second theory is called 

“programmed longevity”, and 

it suggests that longevity – the 

maximum number of years an 

individual of a given species can 

live – is biologically pre-defined and 

genetically regulated. According 

to this theory, the aging process 

is controlled by the body, which 

switches on a particular biological 

program of senescence. Therefore, 

aging should be understood more as 

a natural, pre-determined process 

of programmed degeneration rather 

than as wear and tear on the body. 

This second theory thus considers 

senescence to be a necessary part 

of evolution. Without aging and 

eventual death, there would be no 

pressure on the individual to survive 

and reproduce and consequently no 

evolution of the species (Prinzinger 

2005). If science progresses to the 

point that it is able to counteract the 

biological mechanisms that underlie 

aging and that lead an organism to a 

state of “negligible senescence”, then 

a paradox of biology and evolution will 

have occurred.

 Although aging is to a large 

extent determined by our genes, 

which regulate the predetermined 

senescence of our bodies, genetics 

is not the only factor that influences 

aging. Our environment – including the 

food we eat, our physical activity and 

our exposure to harmful chemicals 

and infectious diseases, among other 

components – exerts an essential 
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influence on our biological functio-

ning and plays an important role in 

how we age. 

 Calorie restriction – or 

the reduction of food intake – is 

a lifestyle-dependent anti-aging 

strategy that has attracted conside-

rable attention recently.  In the 1930s, 

it was shown that food restriction 

could extend the lifespan of laboratory 

rats by as much as 40 percent (McCay 

and Crowell 1934]. A 20-year-long 

study completed in 2009 confirmed 

the benefits of calorie restriction for 

lifespan extension and the delayed 

onset of age-associated diseases in 

primates, suggesting the same might 

hold true for humans (Colman 2009). 

However, the applicability of such 

a diet as a therapy against aging in 

humans is questionable. Nonethe-

less, thousands of people around the 

world are currently practicing calorie 

restriction. One example is the strictly 

ascetic members of the Calorie 

Restriction Society in the United 

States. 

Are people prepared to follow 

a strict dietary program that is 

based on low-calorie intake to 

achieve the promise of better 

health and longevity?

 

Whereas laboratory animals 

can be confined to restricted and 

controlled food supply, one cannot 

expect that humans would be able – 

or simply wish – to resist the constant 

temptation of the surplus food around 

us. Furthermore, the concept of 

a calorie restriction diet not only 

entails eating the right type of food 

in the appropriate amount but also 

implies that protein, essential fatty 

acids, vitamins, and minerals would 

be combined to form a well-balanced 

diet. Therefore, the correct amount of 

calories must be calculated without 

ending up in a malnourished and 

vitamin-deficient state. Finally, it 

would also be interesting to determine 

whether the developed world culture 

of over-abundance and encouraged 

consumerism will allow us to 

undertake such a dramatic lifestyle 

change. Again, scientists might hold 

the answer to achieving this goal. 

Drugs that mimic the effects of calorie 

restriction are currently under study. 

It may not be long before we might 

be able to take a pill and enjoy a rich 

and unhealthy meal while tricking our 

bodies into healthy youth. Nonethe-

less, the ability to easily neutralize 

our misbehavior might challenge our 

will power and our capacity ability to 
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take responsibility for our lives. 

 In addition to attempting to 

reverse the aging processes of the 

body’s tissues, aged body parts might 

simply be replaced by completely new 

and compatible parts. Heart bypasses, 

artificial joints and organ transplanta-

tion have existed for years as means 

of repairing broken parts. However, 

they are frequently associated with 

poor compatibility or even rejection 

by the recipient organism. For this 

reason, scientists are current-

ly striving to characterize a special 

type of cells called stem cells, which 

are believed to be the fundamen-

tal units of regeneration. Stem cells 

are an undifferentiated type of cell 

with two remarkable properties: they 

can renew themselves through cell 

division and can also differentiate 

into a great variety of specialized 

cell types to constitute bodily organs 

such as skin and the heart. In many 

tissues, including the stomach and 

bone marrow, reservoirs of stem cells 

serve as an internal repair system. 

Is it possible that we may one day 

develop the ability to renew our 

bodies indeFInitely?

 Harnessing the potential of 

stem cells to renew malfunctioning 

organs is an objective aimed at by 

many research groups. However, 

research on stem cells has sparked 

some controversy. The use of 

embryonic material – which has been 

the primary source of stem cells – has 

raised fervent resistance in the past, 

mainly from religious and conserva-

tives groups. 

To overcome the ethical concerns 

related to the use of embryonic 

stem cells, scientists are studying 

methodologies to generate stem 

cells by reprogramming differen-

tiated adult cells. 

The idea is to take the patient’s 

differentiated skin cells, revert them 

back into stem cells (also called 

induced pluripotent stem cells or 

iPS) and program them to differen-

tiate themselves into specialized 

cells, such as hepatocytes, which can 

be injected into the person’s liver to 

repair its functions. Whereas rejection 

of foreign organs is commonplace in 

organ transplantation, one particular 

advantage of iPS therapy is that the 

recipient is not expected to reject the 

newly generated organ because it is 

made of his own reprogramed cells. 

 As a result of scientific technolo-

gies such as those discussed above, it 
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might be imagined that gaining 25 to 

50 more years of life could result not 

in the mere addition of these years to 

our mature age but in the extension of 

each individual stage of our lives. We 

perhaps would then have more time 

to enjoy childhood and more time for 

educational development. We might 

even be able to spend one-half of 

our lives engaging in one profession 

and the other half in a completely 

different occupation or would simply 

have more time for our families and 

hobbies.

 In reconsidering the possibi-

lities of lifespan extension through 

genetics, lifestyle changes, or stem 

cell therapy, the myriad questions 

that our society will ultimately have to 

face is baffling: 

How can we sustain the pharma-

ceutical costs generated by the 

extra medical care necessary 

to prevent aging, to circumvent 

diseases and to guarantee optimal 

nutritional balance? 

Are we prepared to handle 

the social impact caused by a 

population living longer ? We already 

face problems such as economic 

recessions and unemployment. What 

would these problems be like when 

older people hold onto their jobs and 

resources for even longer ?

 Last but not least, these 

supreme social and medical 

standards have always been part of 

the luxury package of the richer part 

of the world. 

When the rich can extend their 

lives and the poor cannot, the 

gap separating these two groups 

will grow, pulling these social 

categories further apart.

 

Lifespan extension, however, 

may lead to a distortion of the rules 

of social coexistence, allowing for 

behaviors that are presently conside-

red amoral, such as old-age pregnan-

cy. Currently, giving birth above the 

age of 60 is the topic of debate: what 

if 60 turns into the new middle-age? 

The same conundrum affects the 

question of euthanasia: currently, this 

practice is the topic of heated debate 

by religious groups and ethicists 

and is considered an artificial way 

of discontinuing a life that is unable 

to be enjoyed and healthily lived. 

However, what if one simply grows 

tired of life after becoming immortal ? 

Would euthanasia become the means 

by which life is brought to an end ?

It is difficult to say whether 
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the ability to extend our lives in the 

future would be a boon or a curse 

to mankind. If scientists are able 

to clear the hurdles of the research 

challenges involved and devise 

an ultimate panacea, i.e., lifespan 

extension, one final challenge will 

likely remain before us: tackling the 

social and moral implications of such 

an ultimate power. 
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