
Experientia 39 (1983), Birkh~iuser Verlag, CH-4010 Basel/Switzerland 

23 Mitchison, N.A., and Kinlen, L.J., Present concepts in im- 
mune surveillance, in: Progress in Immunology, vol. 4, p. 641. 
Eds M. Fougereau and J. Dausset. Academic Press, New York 
1980. 

24 MOiler, G., ed., Experimental concepts in immune surveil- 
lance. Transplant. Rev. 28 (1976) 3. 

25 MOiler, G., ed., Natural killer cells, Immun. Rev. 44 (1979). 
26 Patek, P.Q., Collins, J.L., and Cohn, M., Transformed cell 

lines susceptible or resistant to in vivo surveillance against 
tumorgenesis. Nature 276 (1978) 510. 

27 Peck, A. B., Wigzell, H., and Janeway, Jr., Ch., and Andersson, 
L.C., Environmental and genetic control of T cell activation in 
vitro. A study using isolated alloantigen-activated T cell clones. 
Immun. Rev. 35 (1977) 146. 

28 Tilkin, A.F., Schaff-Lafontaine, N., Van Acker, A., Boccardo- 
ro, M., and Urbain, J., Reduced tumor growth after lowdose 
irradiation or immunization against blastic suppressor T cells. 
Proc. natl Acad. Sci. USA 78 (1981) 180. 

47 

29 Trenkner, E., and Riblet, R., Induction of antiphosphorylcho- 
lin antibody formation by anti-idiotypic antibodies. J. exp. 
Med. 142 (1975) 1121. 

30 Wigzell, H., and Andersson, B., Cell separation on antigen- 
coated columns. Elimination of high-rate antibody forming 
cell and immunological memory cells. J. exp. Med. 129 (1969) 
23. 

31 Zinkernagel, R., and Doherty, P., MHC-restricted, cytotoxie 
T cells: Studies on the biological role of polymorphic major 
transplantation antigens determining t-cell restrictionspecifici- 
ty, function and responsiveness. Adv. Immun. 27 (1979) 52. 

32 Binz, H., Fenner, M., Frei, D., and WigzeU, H., Two indepen- 
dent receptors allow selective target-lysis by T cell clones, 
submitted. 

0014-4754/83/010039-0951.50 + 0.20/0 
�9 Birkhauser Verlag Basel, 1983 

Minireviews 

The biological aging process 

by H. P. von H a h n  

Foundation for Experimental Gerontology, Felix Platter Spital, CH-4055 Basel (Switzerland) 

In any part icular  field o f  research it is advisable, f rom 
time to time, to take stock and reconsider the 'state o f  
the art', and to re-formulate,  in the light o f  scientific 
developments  and one 's  personal  reflections, the aims 
and targets for future work. It seems to me that such a 
time has come for experimental  research on aging, 
and I want  to say, quite briefly, where, in m y  view, we 
stand today and suggest which directions research 
into the process o f  aging might  take in the future. In 
the short space available here it will o f  course not be 
possible to deal exhaustively with such a complex 
problem. It is my  intention to discuss a few selected 
points which presently appear  to me o f  highest in- 
terest. 
Perhaps the only fact that  all those engaged in aging 
research will agree on is that the individual lifespan o f  
animals (or at least o f  mammals )  - and of  m an  - is 
limited by biological factors. It has not  required 
modern  experimental  science to uncover  this fact; it 
is, for example, stated express& verb& in Christoph 
Wilhelm Hufeland 's  admirable  and still quite contem- 
porary treatise 'Macrobiotics:  The art o f  Prolonging 
Life '1, first published in Jena, 1798. The great physi- 
cian states clearly and as accepted fact that  for each 
animal species and for mankind  there is an upper  
limit to lifespan, that  this limit is fixed, is different 
and specific for each species, and that for m a n  it has 
not changed since the earliest written records o f  
h u m a n  history. Recent  careful study by phylogenet ic  
analysis, with the help o f  an empirical equat ion using 

brain- and body  weight estimations from fossils, has 
led to the conclusion that for Homo sapiens the 
m a x i m u m  potential  lifespan (Hufeland 's  'absolute '  
lifespan as opposed to 'relative' or  average lifespan o f  
a part icular selected populat ion)  has remained un- 
changed at a round  95 years for the past 100,000 
years 2. 
This is certainly the basic tenet o f  gerontology which 
has stood firm ever since the hapless search for the 
Founta in  o f  Youth  and the Philosopher 's  Stone o f  the 
Middle Ages. As long as we remain Homo sapiens we 
must  face the fact that  we are mortal ,  that  our days 
are numbered ,  and that nothing can be done about  it. 
There  is a fixed, immutable  upper  limit to our length 
o f  life. I am quite aware that there are people who, for 
personal or  ideological reasons, refuse to accept such 
a deterministic view, and who think that lifespan can 
be lengthened by a factor o f  2-3 merely through the 
proper  biochemical  manipula t ion  o f  metabolism. I am 
stating here my own views and beliefs. 
N o b o d y  has put this into clearer and more  convincing 
terms than Fries and Crapo in their recent booklet,  
'Vitality and Aging '3. I believe the time has come for 
all o f  us engaged in one way or another  in aging 
research to accept their concept  that  at taining the 
' rectangular  society' is the real and practical aim of  
our  work. The ' rectangular  society' means  that for any 
h u m a n  (or mammal i an )  populat ion,  individual  life- 
spans come as close to the species-specific lifespan 
potential  as possible: then the shape o f  the survival 
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curve for that population approaches the shape of a 
rectangle, with almost all deaths occurring within a 
very short period of  time close to the defined upper 
limit. We are all familiar with the graphs showing 
groups of  survival curves for different human popula- 
tions and the change in their pattern over the past 100 
years 4, and we are aware that while average lifespan 
and life expectancy at birth have increased dramati- 
cally during this time, the ends of  all curves still meet 
at the same age: around 100 years. Clearly, we are 
already approaching the 'rectangular society', and it 
does not seem to me to be the merit of  aging research. 
This 'rectangularization' of human survival curves is 
the result of improved standards of living, of  hygiene, 
of medical care, and of various sociological factors. 

I f  mankind as a species is approaching its optimal 
survival curve, what than should the aims of ex- 
perimental gerontology be? For one thing, it is ob- 
vious that there are still too many life-shortening 
factors active in even the most developed and healthy 
societies. As Fries and Crapo 3 point out, the linear 
decline - from about age 30 years onward - of the 
averages for many physiological functions, which has 
been one of  the basic pieces of evidence in favor of  a 
universal biological aging process, is not at all con- 
vincing or even necessarily correct: the increasing 
variability of physiological and biochemical parame- 
ters with increasing chronological age (the curse of  
every experimental gerontologist) makes averages in- 
creasingly meaningless, even in the most standardized 
of  laboratory animal stocks. If we plot all individual 
points at all individual ages, another picture emerges, 
one of which we have probably always been aware, 
but which we have perhaps too often suppressed in 
favor of  statistics, means and variances: in some 
individuals, there is scarcely any loss of  functions up 
to the highest age, approaching the biological limit. In 
others, losses of  functions occur well before the bio- 
logically normal age. The real, 'normal' biological 
aging process clearly lies in the top points of the plot 
and not in any of the lower, less-than-optimal points. 
I f  we then want to draw a graph or curve of  'normal' 
losses in physiological functions with increasing chro- 
nological age, we must use only these topmost points. 
Ideally, of course, this should be done in a longitudi- 
nal study of  a cohort of  many individuals up to the 
last death, but we know that this is not a practical 
possibility. We will probably find a linear age-depen- 
dent decrease in many functions even then, but with 
much more gradual age-slopes than for the usual 
averages. Ideally, each individual should age along 
the topmost slope of  functional loss, the smallest 
possible loss per unit time: then we will have reached 
the rectangular survival curve. Fries and Crapo 3 
suggest a tentative list of  physiological parameters 
that cannot be manipulated and that represent 'true' 
aging, and another list of  those where the present 

averages are well below the possible optima: here lies 
much room for improvement, and this is an area 
where much more research is needed: why do so 
many individuals still live and function well below 
their potential?  

One can object at this point that it is surely the genetic 
variability of  the average population that is at the root 
of  the variability in physiological functions. Recently 
Lints 5 has extensively discussed the available evi- 
dence on a genetic control of  aging and death. The 
difficulty is that we should treat these two factors 
separately. Neither the concept that death is merely 
the final result of  a biological (genetically controlled?) 
aging process, nor, conversely, the concept that aging 
is an obligatory precursor of a (genetically con- 
trolled?) 'natural'  death is necessarily true. Undoub- 
tedly there must be some form of  genetic control of 
maximum lifespan potential. But must then a physio- 
logical aging process also be under genetic control? 
There is room for doubt. The idea of specific 'aging 
genes', positively controlling deleterious 'aging 
events', may in any case be abandoned. 

There are classical examples of animal species where 
lifespan seems to be directly controlled by defined 
physiological events: the Pacific migratory salmon 
which shows 'parental death' after first spawning; and 
bats, which have unusually long lifespans compared 
to small terrestrial rodents of similar body weight. 
Can we deduce from these a physiological control of  
maximal potential lifespan? When we look closely at 
these cases, it does not appear to be so. In the case of 
the migratory Pacific salmon, the rapid death after 
spawning is due to a more than 5-fold rise in adrenal 
corticoid steroid levels 6. The animals die in a state of 
adrenal corticoid toxicosis. If  sexual development is 
prevented by early castration, such salmon can live up 
to twice the 'natural' lifespan. If, on the other hand, 
nonmigratory rainbow trout, which 'normally' live 
much longer than the migratory salmon, are implant- 
ed with hydrocortisone pellets, the same degenerative 
changes are elicited. Thus we have here a hormone 
causing premature aging and death, well before the 
maximal potential lifespan. The unusually long max- 
imal lifespans of the Chiroptera (bats), up to 20 years 
compared to about 4 years for mice, has been attrib- 
uted to hibernation, with its slowing of  metabolic rate. 
While bats do in fact have generally lower body 
temperatures and metabolic rates than small rodents 7, 
it is surprising that temperate zone bats (which hiber- 
nate) as well as tropical bats (which do not) have 
similar maximal lifespans 8. In spite of  the fact that the 
tropical species have higher metabolic rates, they do 
not show the expected lower lifespans. This does not 
support the classical hypothesis of  Rubner  (1908) that 
longevity is essentially determined by metabolic rate. 
The long lifespans of  bats in general seem to be the 
result of daily torpor, with lowered body temperature 
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(partial poikilotherms), which is found in both  tem- 
perate and tropical species. 
I f  the ' rectangular  society', and in consequence the 
rectangular  individual life-curve, is the end o f  the 
way, then indeed we come to the concept  o f  life as the 
'Wonderfu l  One Hoss Shay '  that forms the theme o f  
Fries' and Crapo 's  3 book:  In  Oliver Wendel l  Holmes '  
poem by that name,  the wonderful  chaise falls com- 
pletely apar t  exactly 100 years to the day  after it was 
built: '... it went to pieces all at once, all at once and 
nothing first ...'. To repeat  the main  point:  research 
must  find out why so m a n y  individuals do not  yet 
reach their individual rectangular  life curve and 
become, instead, senescent (in its most  negative sense) 
before their allotted time. M a n y  factors, extrinsic and 
intrinsic, are involved, and much  is left to do. Each 
one o f  us involved in this wide field will p robab ly  see 
a different aspect as the most  important ,  depending  
upon whether  we are biochemists, physiologists, 
pathologists, immunologists,  endocrinologists,  geria- 
tricians, psychiatrists, or  any  other of  the m a n y  spe- 
cialties involved in aging research. I f  I may  single out 
just one topic as an example:  the increasing n u m b e r  
o f  senile, demented  people in our old age homes and 
psychogeriatric hospital  wards is rapidly developing 
into what  will be one o f  the most  serious problems 
facing society in the coming years and generations. 
All o f  these unfor tunate  people die well before their 
individual rectangular  lifecurve is fulfilled. Research 
into the causes and mechanisms of  senile dement ia  is 
increasing at a rapid pace, as the increasing volume of  
research reports shows 9, but  we still know very little 
about  the etiology of  this condit ion or its early 
diagnosis, and even less about  prevention and treat- 
ment. 
Another  major  problem which will come up with the 
rectangular society is this: what  to do with the increas- 
ing numbers  o f  heal thy and vigorous 'o ld '  ( 'old '  only 
in terms o f  years) people? All  our  present, carefully 
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constructed ret i rement  and health-care systems will 
be outdated  and even counterproductive.  It will m e a n  
a major  restructuring o f  society. 
Much  effort has been  spent in the search for ' p r imary '  
mechanisms of  aging, at the cellular or molecular  
level. In a recent collection o f  articles in this journa l  m, 
experts f rom different fields o f  research came to the 
conclusion that we cannot  expect to find ' the '  cause o f  
aging, that  no single pr imary  causal mechan i sm exists. 
Aging occurs at all levels o f  biological organizat ion 
and seems to have both  intrinsic and extrinsic causes. 
I f  we look at the most  heal thy and vigorous of  our  
older citizens as representing the normal  way o f  life 
and aging, we may  find that, as ment ioned above, 
certain functional  losses we have so far considered as 
part  o f  'normal  aging '  are not really normal  at all, and 
that the plateau o f  adult  vigor is much  more  extended 
than we have assumed so far. I f  the natural  end to life 
is a rapid, almost  simultaneous, collapse o f  m a n y  
functions and organs at a predetermined age rather  
than the result o f  a slow, linear, progressive decline, 
then a ' p r imary '  mechanism must  be something rather  
different f rom what  I at least have thought  it to be. 
There is here a striking similarity to the p h e n o m e n o n  
of  limited division potential  o f  cells in vitro: loss o f  
mitotic potential,  cellular b reakdown and death in 
fibroblast cultures occur rapidly within a short time at 
the end o f  a fixed period o f  regular growth. I do not 
wish to imply that the same basic mechanism operates 
in each case. It is merely the macroscopic pat tern o f  
survival and death that  is similar. 
I f  and when we do, eventually, unders tand what  the 
causes o f  the final b reakdown at the natural  maximal  
age limit are, will we be able to do anything to 
prevent  it, and should we try to extend the h u m a n  
lifespan potential? In my view, the mot to  'Adding  life 
to years '  still seems to be better and wiser than 
'Adding  years to life'. 
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