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In the midst of all the earth's creatures, there stands one being who 

is seemingly unique in the realization that his life is a journey which 

will terminate with death. 'Ihat being is man, and he is indeed capable of 

comprehending life as a finite experience. Yet, this knowledge has proven 

to be a source of continuous curiosity and fear for man. While the threshold 

of death may be intriguing to him, it is not a step which he readily agrees 

to take. 

Almost from the inception of human existence, nan has sought ways to 

prolong life or recapture lost youth. While he seeks a long life, he 

dreads the consequences of growing old. Time, hindered by no one, has come 

to be regg.rded as his greatest enerey. In the words of Shakespeare: 

Time doth transfix the flourish set on youth, 
And delves the parallels in beauty's brow; 

Feeds on the rarities of nature's truth 
And nothing stands but for his scythe to mow. 1 

Nevertheless, in spite of the constant passage of time, man's un­

quenched thirst for youth has compelled him to probe for ways of extending 

his natural life span. Such attempts have become an important part of 

legend and folklore. Even today, some of these reyths still manage to influence 

a great nwnber of people. Some of the more popular contrivances of past 

youth-seekers have been various elixirs, the philosopher's stone, and the 

practice of geracorey. 

Elixirs presurrably possessed the power of extending life indefinitely. 

'Ihe sorceress, Medea, according to legend, rejuvenated King Aeson by 

bleeding him dry and then filling his veins with a concoction of grasses, 

roots and herbs, the blood of a black ram, the flesh of an owl, and the 

skin of a snake. Although this experiment was never repeated, King Aeson 
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supposedly jumped from his bed full of youthful liveliness. Another elixir, 

consisti ng of sandalwood, senna, and dill, was reported as being effective 

by a swindler named Cagliostro . 

Not everyone relied on the use of true elixirs. Many others f ound 

substitutes which they deemed beneficial. Achill es ate the marrow of 

young bears in order to increase his strength and courage , while the Indian 

chief , Susrut a , recommended the t estes of tigers . A favorite of the 

Romans was the freshly shed blood of gladiators. They also suggested 

the practice of sucking blood mixed with milk from the breasts of young 

slave girls . According to Ma.rsilio Ficino, who revived this practice in the 

fifteenth century , "He shoul d find a young, healthy, gay , and beautiful 

girl and attach his mouth to her breast when t he moon is becoming full and 

then he should eat powdered fennel with sugar . If that failed to produce 

results he should suck her blood like a leech. 112 Not all of the experiments 

were confined to the days of the Romans . In 1907, Elie Metchnikoff, a 

not ed bacteriologist, suggested that one shoul d eat large amounts of 

Lactobacillus bulgarius, a bacteria whi ch is capabl e of producing milk products 

and yogurt; if this was not possi bl e , then eat l ots of yogurt or have your 

large intestine removed. 

The phil osopher ' s stone was another substance much sought after. 

It supposedl y possessed the dual capability of turning l ead to gold and 

reversing the changes of old age . The associati on of gold with irrrrnortality 

seems t o have come about from the Chinese . Since gold was considered the 

imperishable metal , Chinese sages told those who wi shed to remain young to 

eat excl usively from gol d plates . Hence , later experimenters sought a 

substance abl e to turn l ead to gold and to ITE.ke man imperishable . The 
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originator of this idea was presumably Wei Po-Yang . Having concocted this 

medicinal substance , he, along with his dog and three disciples , went 

to a ITDuntaintop for a test. First the dog was given the medicine; he 

di ed instantly. Wei Po-Yang then did the same thing. One disciple followed 

in his footsteps, while the other two left to make arrangements for a 

funeral. When they returned, they found only an epigram about cowardice. 

Apparently , the dog, the disciple, and the sage had become immortals . 

Hence, the concept of the phil osopher ' s stone arises. 

Sexual rejuvenation was often considered the most important facet of 

regaining youthful vigor. For this reason, geracomy , "the practice of 

sleeping with young virgins in order to absorb revitalizing erranati ons from 

their bodies , 113 seems to have been a flourishing habit . King David shared 

his bed with Abishag the Shunarnrnite, but apparentl y was unsuccessful, 

f or he "knew her not" and was dead soon after . Amlzingly enough, geracomy 

seems to work with rats ; a si ngle young female will groom aging rral es , 

and thus, increase t heir survival potenti al . L. Claudius Herrnip seems to 

be one who fared as well as the rats did. He l eft an inscription on his 

tombstone for all to see : To Aesculapius and health - L. Claudius Herrnip -

who lived one hundred and fifteen years and five days wit h the aid of the 

breath of young women, to the surprise of physicians. Lead your life 

accordingly . Again, these practices are not restricted to the days of 

the ancients . On June 1, 1889, Professor Brown-Sequard, age 72 , injected 

himself with a testicular extract and announced himself rejuvenated. Un­

fortunately, he died five years later. Serge Voronoff also claimed that he 

had discovered the secret , and proceeded to rrake a fortune by grafting 

monkeys ' testicles into aging rrales. 
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Even today, rran continues his search. In Switzerland, cell therapy 

clinics, devised by the late Dr. Paul Niehans, have become popular. "The 

treatments usually involve injections of tissue extracts from fetal lambs 

on the theory that they restore function to failing organs and have a 

generally revitalizing effect on the body. 11 4 While no scientific studies 

support this, people continue to seek treatment. Another drug, Gerovital, 

reminiscent of the reythical elixirs, has also become popular . Developed 

by Dr. Ana Aslan more than twenty years ago, the drug consists mainly of 

novocain. Supposedly , it is effective for treatment of "arthritis, arterio­

sclerosis, and the general debilities of old age. " Once again, there has 

been no scientific evidence to support these claims; only the support of those 

who seek eternal youth. 

While myth and legend may have claimed themselves as victors in the 

battle against aging, science has not been so quick to do so . Gerontology, 

which is the scientific study of aging, is a relatively new science and 

has rec~leved major attention only in the past few decades. For this reason, 

gerontology has no set concepts or basic truths to rely upon . It is merely 

a discipline which consists of a conglomeration of different hypotheses, 

none of which has received sufficient study in order to support a general 

theory of aging . As a result, in this paper I will only attempt to describe 
~c. • A 

the ITT3.jor hypotheses which are being delved intq) today. -
As everyone knows, the aging process is characterized by a series of 

functional changes which take place within the body over a number of years. 

Several familiar exanples of these functional changes are the wrinkling 

of the skin, loss of muscular stPeflgth, and a decline in visual acuity . 

In fact, Nathan Shock and some of his co-workers have calculated the 
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precise rate at which different types of bodily functions fail . "Most 

functions decrease gradually , at a rate of about one percent of the 

original capacity per year after age thirty . 11 5 While this rate ma.y seem too 

slow to account for aging and death, one must rerrember that ma.ny functions 

will be decreasing simultaneously. Failure will mt occur in just one 

isolated area . Consider also the fact that if cardiac output alone declines 

by only thirty percent, the organism will be severely handicapped. The 

transportation of nutrients and oxygen to various parts of the body will 

be ma.rkedly reduced . Waste products will also tend to accumulate, and 

eventually, this rray lead to poisoning of the organism. 

In spite of the fact that aging is accompanied by a general decl ine in 

the functional characteristics of the body , not all bodily functions 

decrease with age . For instance, osmotic pressure and blood acidity levels 

seem to rerrain nearly constant throughout ma.n ' s lifetirre. In essence , 

there are eight rrajor funct i onal changes which occur during senescence, or 

aging. These are surrmarized below: 

1. Skin - As aging takes its toll, there is a general increase in the 

wrinkling and roughness of the skin. This is caused by two events: a 

reduction in the number of cells and the amount of subcutaneous fat , and 

also , a decrease in the elasticity of the skin due to alterations within the 

connective tissue of the body . Loss of hair is also prominent in the aged, 

especially from the head and face of men . 

2. Digestive System - While the most noticeable change in the digestive 

system is probably the deterioration or loss of teeth , there are also 

three other alterations which QC~ur frequently . There is a reduced 

sensitivity to taste and smell , a decrease in the amount of digestive 
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juices secreted, and a rise in the incidence of diverticulosis. Diverticulosis 

is a disease which causes outpocketings in the wall of the l arge intestine 

that nay become infected and l ead t o serious probl ems . These outpocketi ngs , 

like the changes which occur in skin texture, are also caused by changes 

in the connective tissues and muscles of the body. 

3. Circulatory System - The circulatory system suffers from four rrajor 

changes during aging: a decr ease in cardiac output , a change in the el asticity 

of the large arteries, a change in the distribution of the blood to the numerous 

organs of the body, and deposition of f atty substances followed by calci um 

salts in the walls of the large arteries . 

4. Nervous System - Nerve cells cannot reproduce. Consequently, their 

numbers decrease with age . In fact, approximately 100,000 cells are lost 

from the brain every day. There is also a reduction in the speed of impulse 

conducti on with age . 

5. Muscular Strength - Muscular strength i s at a peak at the age of twenty­

five, and then gradually decreases with age . 

6. Endocrine System - The production of many hormones is rrarkedly reduced, 

and the ability of the pituitary declines. 

7. Respiratory System - There are two major changes in the respiratory 

system: a decline in the rraximum rate at which air can be inhaled and exhaled, 

and also, a decrease in the maximum amount of air which can be taken in 

and expelled with each breath. 

8. Sensory Functions - While the perfection of hearing occurs at age ten, 

and declines thereafter, the ability to distinguish tastes and smell s declines 

at the ages of fifty and sixty -respectivel y . There i s also a decrease in 

visual acuity as the l ens hardens and the musculature becomes deformed . 
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While sci entists recognize the fact that these functional changes do 

frequently accorrpany the aging process , they do not readily accept these 

functional changes as the only corrponents involved in biological aging. 

Bernard Strehler and numerous other ger ontologists have reached the conclusion 

that in order to be considered as an integral part of the aging process , an 

age- associated change rrust meet four basic criteria. These criteria are: 

universali ty , intrinsicality, progressiveness, and deleteriousness. 

Universality of aging means that the age- associated changes which occur 

within a species must do so in all the older members of that speci es . This 

restriction eliminates rrany distinctive, hereditary deviations and diseases 

which are dependent upon a parti cular environment. While certain kinds of 

alterati ons nay not be universal, t hey rra.y occur at higher rates within the 

older members of a population. These alterations are not necessarily ex­

cluded from the process of senescence . 'lb deTIDnstrate t his, consider the 

incidence of cancer . While cancer occurs more often among the aged, it may 

not be a true constituent of the aging process. Instead, aging may bring with it 

a decreased resistance t o tumors . 

The second criterion is intrinsicality. Like universality, this re­

quirement is intended to exclude those age- correl ated changes which occur 

because of factors outside of the organism. Al though certain changes rra.y 

be universal, they may result from environmental effects upon t he individual . 

For exarrple , geneti c damage due to the absorption of cosmic radiation will 

result in all animals which live for a r easonably l ong period of time . Yet , 

this damage would not be intrinsic to the individual organism. Therefore , 

it does not constitute a true part of the aging process . 

Another disease once considered as intrinsic in individual aging was 







an individual's lifetime, cells atrophy, and aging and death result. 

While this theory seems to be a relatively simple one, there are 

inherent difficulties involved in either proving or disproving it. If 

such genetic alterations within the soITE.tic cells of the body are actually 

the source of aging, then the exposure of experimental organisms to muta­

genic agents, such as X-rays or certain chemicals, should increase the rate 

of aging in direct proportion to the increase in the natural mutation rate. 

Nevertheless, at the present time, there are no direct methods which can 

be used to measure the rate of mutation in soITE.tic cells. Also, it seems 

that if aging is due to mutation it should be hastened as soon as the 

mutation occurs. Yet, there seems to be a long delay between the production 

and the exhibition of the mutation. However, this discrepancy could be 

accounted for in terms of DNA and RNA. While a single mutation within 

a DNA ITDlecule has the power to kill a cell, it is quite possible that 

there would be enough surplus RNA and protein already available in the cell 

which would enable it to live some time after the mutation occurred. It 

is evident that the task of evaluating such data is not an easy one. 

Even the experiments performed regarding the soITE.tic mutation theory 

sometimes seem inconclusive. For example, in one experiment performed by 

Failla, it was assumed that radiation merely speeds up the natural aging 

process. On the basis of this assumption, Failla then calculated the dose 

of radiation which would be needed to double the norITE.l rate of aging. 

If the somatic theory was correct, then this dose should also double the 

mutation rate. In mice, it was found that the age-doubling dose was 12.8 

roentgens per day, while the mutation-doubling dose was only 0.5 roentgens 

per day. Thus, the statistics seem to contradict the theory. In spite of 

this, as of yet, there has been no conclusive evidence which shows that 
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radiation only accelerates the norrna.l aging process. In fact, in another 

experiment performed by Clark and Rubin, it was stated that the "decreased 

life span from ionizing radiation is not comparable to the normal aging 

process. 1111 Also, the radiation exposure began when the mice were two months 

old; hence, somatic mutations induced by radiation began at this age, 

while spontaneous mutations had been accumulating since the moment of 

conception. 

Although it was previously stated that there exists no direct method 

for measuring the rate of mutation in somatic cells, it has been discovered 

that one can count the number of visible chrorrosome aberrations in somatic 

cells, and then, relate these to true mutations in the next generation. 

In every case, the relationship between the chromosome aberrations and the 

true mutations was found to be proportional. By use of this technique, 

it has also been found that aberrations increase steadily with age. One 

particular aberration which occurs within cells is aneuploidy. Aneuploid 

cells are cells that contain other than the norrna.l diploid number of 

chromosomes. While aneuploidy is present in less than five percent of the 

cells in individuals having ages below twenty-five, this figure jumps to 

fifteen percent for cells in individuals seventy-five years or older. Thus, 

this evidence seems to clearly support the theory of somatic mutation. 

Several other lines of evidence also seem to suggest a genetic basis 

for aging. "The observation that each animal species has its own finite 

life span suggests that the genetic code of any organism carries within it 

not only a program for developmental sequences of on-going life processes 

but also for aging and death. 1112 This observation is also supported by the 

fact that cells are limited in the nwnber of divisions which they can 



undergo. In fact., a method has been devised wher eby one can remove some 

f ibroblast s from the connective tissue of an organism, and then., count 

the number of doubling gener ations which occur. It i s this number of doubling 

generations which corresponds to the l ongevity of the organism. Hence., in 

chickens and rodents, there are approximately twenty doubling generations ; 

in rran., the number increases t o fifty; and., in the long-lived Gal apagos turtles 

there are eighty doubling generations . 

In addition to the fact that doubling generations correspond to the 

longevity of an organism., it i s al so known that mitotic errors may occur 

during those doubling:;. "Interestingl y enough, mitotic errors do not show 

a random ocurrence. Since 1959 ., investigators throughout the world have 

examined hundreds of thousands of human cells and have observed abnorrrE.lities 

for only half a dozen of the twenty-three chromosome pairs. It i s the same 

clm::mosome anomal y that i s f ound again and again. 1113 Thus., these similar 

mitotic errors occurring within the chromosomes of different individuals 

could account for some of the similarities found among aged persons . 

Just as with individual species ., life span in different families seems 

to be heritable. In a study done by Raymond Pearl., it was found that of 

peopl e who live to the age of sevent y or older, 45.8 percent were children 

of parents both which had surpassed age seventy ; only 13.4 percent had 

two short-lived parent s . Also., in a study performed by Dr. Llssy Jarvik 

of UCLA., 2., 000 sets of identical twins were studied., and it was found that 

there was a "significantly" greater similarity in their life spans as 

compared to those of non-identical twins. Therefore, one can conclude 

that the genes inherited by an individual do have a definite effect upon his 

life span. 
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One final piece of evidence which seems to also suggest a genetic 

basis for aging is the existence of three different isolated groups of people 

in the world who live exceedingly long lives . Reportedly, these people 

nay live 150 to 165 years. This is well over twice the normal life span 

of an average American. Because these groups are isolated, this would seem 

to indicate that some trait for longevity~ within their gene pools. 

The three groups are located in Russia, Afghanistan, and Ecuador, and 

studies have been done on each of them in order to see if the three groups 

have any corrmon characteristics. It has been found that all three live in 

rural areas at high altitudes, and that while they are farmers, they exist 

on bare subsistence diets. While none of these characteristics nay seem 

important in aging, Dr. Clive McCay has extended the life spans of rats by 

by thirty percent merely by reducing their caloric intake. The effect of 

this dietary restriction i s to slow growth before maturation is reached; 

hence, instead of prolonging old age, it is possible to extend the period 

of youthfulness . 

Hence, based on the evidence now available, I feel that a genetic basis 

for aging is a strong possibility. Once again, no test for universality 

of this hypothesis has probably been perforrred . Yet, I feel that the similarity 

in mitotic errors lends strong support to this idea. Also, it is known that 

all species, from man to bacteria, are subject to mutation. 

Intrinsicality could be viewed two ways; while some mutations rray 

occur spontaneously within the organism, others are due to elements within 

the environment , such as X-rays or chemical substances . Thus, at one end 

of the spectrum, we have environmentall y- induced changes, and at the other , 

we have intrinsicality. Once again, though, I feel it is nearly impossible 



to completely separate an individual f'rom his environment si nce it does have 

so many effects upon the individual. 

Progressiveness, in this case, seems to be quite obvious . As stated 

previously , random mutations could occur within the genetic material and then 

accumulate throughout an individual's lifetime . While one might consider a 

mutation to be a sudden event, it has been shown that there i s usually a 

long delay between the mutation and its manifestation. Thus, aging by 

mutation would be a gradual process . 

The deleteriousness of the somatic mutation theory is also easy to assess . 

While a few mutations nay be beneficial, most of them are considered as 

harmful to the individual. Also, due to the structure of DNA and RNA, even 

the most minute mutation may be l ethal f or the organism. Thus , if random 

mutations occurred and accumulated throughout the lifetime of an individual, 

aging and death coul d surely result. In addition, because changes in the 

genes affect the rranufacture of proteins and enzymes , it would be possible 

for mutations t o account for nearly all the declines in cellular functions. 

Thus, we have journeyed through only a few of the thoughts and theories 

existing in the field of gerontol ogy t oday . As explorers we have discovered 

many new ideas. Yet , there i s still much to be l earned. As work continues 

in this field, we nay l ook f orward to gaining new understanding of the very 

processes which ma.ke us the beings that we are. 

As I stated previously , gerontology is a relatively new science . It is 

a discipline which will require much rrore work and experimentation before a 

general theory of aging can be postulated . In spite of this , I feel that 

the present evidence l ends the greatest support to the genetic theory of 

aging. I base this conclusi on upon the fact that this theory seems to 



correlate most closely with the four criteria which define aging. Never­

theless, I feel that there is also a strong possibility that aging results 

from several different mechanisms. Only with time will we be able to 

discover the true process. 
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