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PREFACE

UNPER 1ts ermment Trustees, the Ciba Foundation 15 en-
gaged 1n & number of activities, all with the purpose of -
proving co operation in medical and chem: cal research bet"\ een
workers 1 Gifferent comntnes and  dfferent )¢
At its house n London the Foundation provides accom-
modation for scientist g f conducts a
medical postgraduate exchange scheme between Great Brntam
and Franee, arranges a variety of nformal discussions, awards
twa annual lectureships, 15 bwilding up a library service 1n

cmanal@13 1Y .

: N
speaial for the g t of lak y and
ehnical msestigations relative to the problems of ageing
Three conf have been org; d with this particular
am m vien  Twa eatlier ones, already pubhshed, were an
“General Aspects of Ageing” and “‘Agemg in Transient
Tusues  This velume contains the proceedings of the third
colloquium in this series—the Foundation arbitranly uses the
word ‘colloquium™ for one m a seres of conferences in the
some fidd and  symposam™ for single conferences on
1solated subjects  On this third occasion, knowing that many
long term schemes for the ebseryation of changes with agen
man aid whole anymals were under way or about to beginin
u.mnus .cm“cs 1t was thought useful to examine the math~3

. i LBE BULGUACY 1N Scope
and technique with which these problems are beng tackled
1t s hoped that hs mierest will be stimulated, hus cunosity
uroused and s awn potentialities for h challenged by
these comparatisely nformat, thoughtful diseussions
.
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CHAIRMAN'S OPENING REMARKS
Cmantes I DBrest

THERE ate many groups, in different countries, studying the
subject of gerontology I note that most of these assocations
of seientists encounter some difficulty in the defimition of terms
and 1n the delineation of thar field of interest  Qur Commuttec
has been examuning essays on the problems of ageing, which
bave been written m sanous parts of the world We have
expenenced the usual troubles but we have not taken these
too serigusly , at this stage of the development of the study of
ageing 1t 1s wise to mspect broad fields, to look for soft spots
m the wall of ignorance and not to worry unduly about exact
defimtions Ve all realize that we are studving vanations
with tme m what we think 1s normal function Esen this

sinple broad statement will undoubtedly be subjected to
careful serutiny



THE BIOLOGICAL APPROACH IN THE
COMPARATIVE STUDY OF AGLING

A Coxrort*
Department of Zoology, Universily College, London

(aTm: study of senescence deals with the processes which
minhe some organisms decline m vigour with mereasmng agd
It embraces a group of deteriorative effects which we 1solate
beeause they arc deteriorative, 1n other words because we dis
hike and wish to avord them, and we undertake 1t with refer
ence to the senescence of one orgamsm, man, whose rate of
agemg 1t 1s our object to control

Tields of study mn medical biology usually define themselves
m this way, but as a rule the processes which we onginally
treat together for our own convemence prove ater to have
some biological unity apart from their interest to man  We
normally assume the possibihty of some such umty mn any
study of this hind, much of the information upon which we
form hypotheses, and, very often, all or almost all the con
trolled experiments by which we test them, come from examina
tion of apparently analogous processes 1n animals

‘1he eephalopod cye bears a strong superficial likeness to the
human cye, and one might learn something of the biology of
sight 1n man by studymng it, but since its anatomy and chem
1stry are 1n fact quite different from those of mammalian eyes,
the amount that we are mformed or misled by it will depend
entirely on the intelligence with which we mahe use of com
parative study  The progress of endocrinology was held up for
years by attempts to identify menstrunl phenomena 1n
animals which did not menstruate

In discussions of this hind it always falls to biologists to
ymitate their colleagues by pomnting out the diversity of

* Nuftiel 1 Research I ellow
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Biorosican AvrroActt IV SYUDY OF AGEING 3

ammals m 1l these respects where 1t would ‘be more conven-
sent 1f they wete unform I want to diseuss two subjeets
connected with the methodology of age studies. One 1s the
Tand of mformation which we ean expect to obtaw from
comparatine studies, and the other the speas problem of
devisng means by which to relate age changes in vigovr to the
Iife eycle of anumals, particularly vertebrates—both m onto-
geny and in phy logeny

From the bulopeal pont of view, comparative age studtes,
ke other comparatsve studies, could be expected to give two
kmnds of tnformation, according to the way n which we

conduct th d of the exist aof Tund 1, or
at least widespread, processes whieh make for senescence m
and evidence of the rel t

p of the human hie
oyele to that of mon humen vertebrates, especislly other
roaammals The second of these has had curiousty kitle appent
to biolomsts, possibly beeause st appears superficaliv Sacs
Bihely thas ot 2 e

wantd .
fanopt

to war - - atyudedd LO mVe s an
wdieation of ,the type of unity 0 age processes which we are
entirlad b s

<
N .

1 v s we olingls we wish
to examine may be appreasble fractians of our own, that old
organisms when they ehibit senescence are mherently
vanable, that relatrvely few anpmals can be acturately sged by
mspection, and that the changes we wish to observe may
appear only m eieumstaness remote from the normal wild
environment, of the orgamsm we are studying  Others depend
on the mature of the definitions we use, and the analo;
which we draw betneen age phenommens yn d Faerms i
Thaca nhac

ane



4 A Covrorr

A preat many theories of senescence were devised mn the
past on the assumption that the loss of vigour with age nust
myolve a single “fundamental” or “mherent’ cellular,
chemieal, or mystical process common to all multicellular
ammals, contrasting with the extremely 1ll named “immortal
ity of protozon, and possibly generahzable to include
organic substances, species i phylogeny, and whole human
societies as well 'The study of ageing has suffered very heavily
from superficial and abstract analogies of this hind, most of
them, lihe the analogy to mechamenal wear, grossly misleading
n therr application  In fact, wlnle some of the assumptions of
Wasmann and Ins contemporaries about seneseence m
metazoa may exentually prove correet, few if any ean be taken
for granted 1n comparative work on agemng It now scems
likelv that there are multicellular amimals wlich are eapable
of mdefinite somatic cell repl t Huel !

,
such ns suctorians, where mother and daughter cells can be
identified at fission, the sge status of the products 1s not
1dentical, and mndividuals have a definable fespan which ean
be altered experimentally (Rudzinsha, 1952, 1955) This
mught be the case in other acellular animals It 1s not possible
to assume that all vertebrates undergo senescence—one of
the most interesting comparative problems 1s to find out
whether they do so or not It 1s not possible to assume that
the underlying pattern of senescence 1s the same 1 all mam
mals I draw attention to these assumptions because papers
which make them are continually published, many of them
arc m substance the research problems which comparative
studies could properly be dirccted to scttle It may well be
that brond generahzations about the nature of senule change
and 1ts relation to gronth and nutntion ean be based on the
behavour of rotifers, or the effects of v itamins on the Ifespan
of 1nscets, but 1t may equally well prove to be otherwise, in
which case a great deal of effort could be wasted

I we list the apparent causes of decline in the vigour of
ammals with mereasing nge, the processes meluded an that
defimtion are evidently multiple  There 1s a theoretical



"
BioLoGICAL ATPROACH IN STUDY OF AGEING 5

Justification besides our ongnal preoceupation with "’"t“' for
seeing  biologieal untty m these processes, and for ﬂCCﬁP “;B n
general defimtian of this hund, but 1t 13 i terms of the place
which senescence seems to oceupy 1n evolution, not, the
first place, of eytochemistry

InPa populz\t\)(;tn subject to the agh mortality which affects
most wild anumals, the evolutionary refevance of mndu 1duals
depends on the relative numbers of offspring they contnbute,
sud the selection pressure toward wigour and homeostasis
probably declines very rapidly with increasing age (Medawar,
1935@) 1t has therefore been supgested that the common
feature of agemng processes 1n mmals 1s that they represent n

running out of programme’ , and an escape from the selee
tion pressures which maintan fitness eatly m hfe  VWhere
wndividuals rarely reach even tmd adult Lfe unless protected,
the postponement of an adverse effect 1s as effectisve as its
removal and this will apply both to selection pressure towards
further somatic cell renesval and probably to the cimination
of late acting Jethal genes (Haldane, 1941) If this 1s so, we
rmught expect the processes which lumit the hives of different
ammals to be diverse At the same time, since the eells of
ammals are in general sunilar 1n many 1mportant respects, tt
1s quite probable that some detemorative processes ut the
cellular level sre shared by all ammals 1t s prohable, m
parbicular that the hiespan of any non dviding cell 1s fixed—
perhaps by processes sumilar to those which Hinshelwood
{1951) found 1n non dwnding bactenia  1f so, any animal con
taming essentzal and unrenewable cells would ex entually
display aloss of vigour from that cause But 1t does not follow
that this is 1n fact the cause of the seneseence of ‘mammals

either through loss of neurones or thron, gh endoerine deterara
tp The -

cha '
Tt
cel
Tat A ais
o v abiges wiich cause the senescence of
some trees  But these are hypotheses, nat defirnstrons, and the
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defimtions which we employ must be of such & hind that they
do not beg the questions which comparative studies are de
signed to answer

Measurement of senescence

If we accept the 1dea that amimal senescence may be hetero
geneous, 1t follows, I think, that the more general the test we
use to measure it the better If senescence 1s to be treated as
I have assumed, 1ts most convement and general measure 1s
the increase with age in the probabiity of death The ad
vantages and reservations of this measure have already been
discussed by Medawar (19550) If senescence 1s defined other
wise, then other measures will follow from the defimtion
The actuarial measure 1s that normally used :n man, and 1t
measures the total Ioss of vigour against all stresses and from
all causes

Alternativcly, we could measure the decline of one particular
kind of homeostasis, such as the resistance to temperature or
to drugs, or one of the characters contributing to vigour such
as fertiity or power of regeneration  Most of these ndices
show changes against age 1n most animals, but they do so
m varying proportions and i contrary senses Accordingly
decline 1n vigour 1s often better scen as an ncrease mn the
variance, the coeflicient of variation, or some other wnde of
seatter for some or all of the characters of vigour, rather than
as a parallel trend m all of them  Thus 1s true, for example, of
the human blood pressure (Burger 1954), where the individual
values diverge throughout hfe  We might expect a stmilar
nerease 1n the vanance 1f we measured the regeneration rate
of tissue 1 an ammal which displayed a slowing of regenera
tion with age, but which had the property of regenerating
prezously ampured tissues more rapudly thon pmmgured fissnes

Increased vanabiity 1s sometimes the only character of
agemng organisms which correlates closely with ther nising
mortahty This difference between young and old anmals 1s
somewhat stmilar to that between hybnid and nbred amimals
of identical age  The resemblance may not be carmesdentat
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poor

since 1n each case the large variance 1§ an cx\smw:xt\l ;3‘( \‘v :)&

hlomeostasxs and this 18 turn mav represent a pal
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been used 88 8
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5009

aring
-

&

a

8

3000

7800

WUMBER OF PERSONS.
3
a
B

"
o
Ba

)
a

3
3

PLOESTRINNS RILLED
-
&

AN AR ]

70 30 40 s¢ 60 10 80 90
AGE AT DEATH (Yr)

r o1 o=

some such measure of the 1 anance of & number of characters
m estumating senescence A in mbred strams, however, the
characters whose vanance increases with age are quite nrreg

ularly distnibuted between species and between genetic races of
the same speaies By measuning the probabihity of death from
the sum total of causes we are using a meastre appheable to all
orgamstos, which ean be reated mathematieally by con

vement methods and whieh 15 expertmentally consistent—
often 10 a very agh degree  In man and 1n some inbred bines
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the pattern of mortality can be substantinlly affected by
diseases which have n charactenistic age distribution  But we
can see that the crude survival and mortality curves are
valid measures of vigour against forces other than these 1f we
compnre the distribution of human pedestrian deaths in road
accidents (Fig 1) This depends upon the decline of several
characters of vigour, sensory acusty, reaction time, motor
co ordination and recovery after injury Apart from the fact
that we normally exclude infant mortality from the treatment
of senescence, we need not therefore follow Pearson (1897) in
adopting the five separate Deaths which formed the frontis

picee to the first of these Colloquia on Ageing, except i strains
of animals or circumstances of culture where one of them
grossly predominates

Animal life tables

If we had a comprehensive account of the relation between
growth, development, mortality and chronologieal age n a
sufficient range of representatiyve speeies, the truth of most of
the general theories which hayve been put forward to explan
senescence could probably be tested by inspection  The
actuanal studies which we already have, combmed with
maximum age records, suggest that in mvertebrates there 1s
an inverse relationship between degree of el replacement and
liability to semile change It s now of great importance to
obtain accurate data for the relation of age to mortahity in the
mam types of vertebrates, and m as many different species as
possible  McCay and co worhers showed (1948) that agemng
and general metabolie activity in rats are dissoeiable, at least
prior to maturnity, as growth and desclopment are dissociable
in the tadpole, 1t 15 therefore quite one of the most important
problems of age studies to find out, 1f posaible, which compon
ents of the developmental “programme™ i mammals deter
mine the timing of scnescence  Gisen a suflicient range of
comparative information, we mmght expeet to answer this
question either directly, from obsersved corrclations, or by n
relatively small number of fundamental experiments
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Actuanal senescence aimost certainly oCCuTS in olt ards and
mammals 1t 15 by no means certam that 1t occurs w all
poikilotherms, beyond the accumulation of evident injury
withage The agemng of birds and mammals has been termed

endogenous™, apd 1t hos been suggested that this type of
ageng 1s 1h some WAy connected erther with the evolution of
homorothermy or of a fixed adult size Bidder {1925, 1932)
attributed 1t to the dmrect achon of 2 growtn inivfore
mechamsm evolved dunag the transition to lfe on land
From maxumum age records it 1s evident that the hfespan of
smaller vertebrates declnes faurly steadiy from phylum to
phylum i ascending phylogenetic order 1t 15 Jongest i fish,
amphibia, and reptiles  We have records of 35 years 1n Triton
(Smth 1931) and 10 years 1 goldfish (Horvey and Hems,
1848) The hiespan of birds 1s in many eases substantially
greater than that of matawmals of comparable size and actiaty
The lifespan of the faboratory mouse 15 normally less than
three years, while that of a chaffinch 1n captivity may exceed
20 (20~Voltom 3947) 'Thns suggests that i phyogeny other

causes than the mncrease 1n metabolic rates have operated to
shorten the hfespan—the

of small
birds measured hy the » ov- 5
that of 1t
ke that

growth o1 uuus a5 Bacon (1635) pointed out, ceases relatively
earlier than that of mammals and much more defimitiy ely,
the epiphyses of rts never jom and they MayY enblmue w,
growth or be made to gron sn response to somatotrophin, at

a9y age while no further growth occurs m urds after the
attamment of adult size

There are also mportant discrepancies  between the
ToaRwum ages reported in closely related mammals The

most extensive figures are for Todents thus 11
us bacirt
has been reported to e

live and rema

n fertile than an
stron of Voo - lonwer
myse
mang

4w 0onombs (Sumner, 1922),
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Peromyscus mamculatus graciis 5 years 10 months (Dice,
1938), Perognathus longimembris > 74 years (Orr, 1939)]
These differences are not closely related to size—Micromys
minutus reaches nearly 4 years mm sumlar crreumstances
(Pitt, 1955) Leshe and Ranson (1910) and Leshe and co
worhers (1955) found a difference 1n speaific longevity between
colontes of Microtus arvensis and Microtus orcadensis, though
this might reflect the results of domestication and better
culture Such differences are clearly of great importanee to
our understanding of age processes, but so far none of the
attempts to correlate them with quantities such as the
duration of pregnancy or the relative Iength of pre adult
devclopment 15 satisfactory—chiefly beeause the figures
assumed for the speeific ages of the different species are
arbitranly drawn from maximum age records, some of them
quite naccurate  Most of the valid correlations which can
be made out have been reviewed by Bourlidre (1916)

In view of questions like these, one of the most important
requisites for the understanding of mammalian age processes
and the factors which time them 15 a full range of vertebrate
vital statistics based on animals hving under conditions of
captivity sufficiently good for a fair proportion of them to
reach old age These figures are almost wholly lacking  So far
as can be ascertamed, no hfe table has been published for a
captive populatien of any fish, reptile or amphibian  One
mcomplete hfe table exists for domestic poultry, and it 1s
based on an assumed cquation to cover losses from culling
(Gardner and Iurst, 1038}, therc 15 no ather table for birds 1n
captivity  Apart from these, we have satisfactory actuarinl
data only for man, Inboratory rats and mice, and a few other
small rodents, with partinl figures for culled populations of
agriculturally important ammals fe g Verino ewes (Kelley,
1939)] There arc thus no data for any vertebrates other than
mammals, the figures which might throw hight on the evolu
tion of mammahan senescence, those for poihilotherms, birds
and marsupials, hay e neser heen sought

One consequence of this Inch of iforniation s that we have

o | —
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no experunental mammal intermediate 10 size between man
and the small rodents whose rate of ageng 18 actuanally
Lnown There sre no published actuanal dats for rabbits

thewr modal specafie age for all straws 15 probably about 8
years but Jarge hybnds may reach ages a3 great as 15 years
{Comiort,1958) Dava fur gomen pigs bave heen eoflecked and
briefly reported (Rogers, 1950) but we have no companson of
stratns  Accordingly, many physiologieal and other differ

ences deserbed n the lterature between young aund *old”
ammals sre m fact differences between wnfant and joung
adult surmals, and even where this 15 not 501t 15 wnpossible to
establish correlshions between such changes and the rate of
agemg from maximum age Tecords alone

Methods of obtaming vertebrate data

s diffieult but not mpossible, to obtam actuanal
statisties for sertchrates and a3 they are virtually essential
to any biologreally directed attack on age problems, we should
devote our attention to gettrag them, as o matter of urgene)
They represent, an expendable problem, moreover, since time
once spent will not tequire 1o be re spent later

Age mortality data can be obtained in three ways (1} from
populations of ammals spearatly hept under close obsersation
throughout Lfe, (2) from anelysis of exsting yeeords, {8) by
cross sectional studies which mndicate tha ew W -

v el which can be aped
sﬂsprech(zn particutarly the analvses of Sgh pop\llatlg:ns g§
. utsber of ynstances
w . agemng studues 15
 wi, Sdnough even n small birds
mortelity 1y substantially constant, nogng s\ud\&s‘ rs\*s&: ‘\‘\:;:,
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Peromyscus manieulatus gracihs 5 vears 16 months (Dice,
1933}, Perognathus longimembris > 7% years (Orr, 1939)]
These differences are not closely related to size—JXicromys
minutus veaches nearly 4 years i stmular crrcumstances
(Iutt, 1055) Leshe and Ranson (1910) and Leshe and co
workers (1935} found a chiference w speeific longeraty between
colomes of Microtus arvensis and Macrotus orcadensts, though
this mught reflect the results of domestication and better
culture Such differences are clearly of great importance to
our understanding of age processes, but so far none of the
attempts to corrclate them with quantities such as the
duration of pregnancy or the relatne length of pre adult
development 15 satisfactory—chiefly  beeause the figures
assumed for the speetfic ages of the different species are
arbitrandy drawn from masumum age records, same of them
qute maceurate  Most of the valid correlations wiuch can
be made out have been reviewed by Bourlidre (1910)

In vien of questions like these, one of the most important
requisites for the understanding of mammahan age processes
and the factors which time them ss a full range of vertebrate
vital statisties, based on ammals Inving under conditions of
captivaty sufficiently good for a far proportion of them te
reach old age  These figurcs are almost wholly Inching  So far
as ean be ascertatned, no life table has been published for a
captine population of any fish, reptile or amplibian  One
icomplete hife table exists for domestic poultry, and 1 15
based on an assumed equation to cover losses from culling
{Gardner and Hurst, 1083), there is no other table for birds in
captinity  Apart from these, we have satisfactary actuarsal
data only for man, Inboratory rats and mice, and a few other
small rodents, with parkial fgures for culled populations of
agrieulturally tmpartant ammals fe g Mermo enes (Kelley,
1089)] Therc are thus no data for any +ertebrates other than
mammals, the figures which might throw light on the cvolu
tion of mammahian senescence, those for poihilotherms, birds
and marsupials, hnve never been sought

One consequence of this fack of mformation i that we have
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no expesimental mamesl mtermediate n size between man
and the small rodents whose rate of agemg is actuarially
\oown, There are no published actusrial data for rabtuts:
their modal specific age for all strans is probably about 8
years, but Jarge hybrids may reach nges as great as 15 years
{Comfort, 1958) Data for gwnea pigs have been collected and
mefly reported {Rogers, 1950} but we have no comparison of
strams  Accorcingly, many physwologieal and other differ-
ences desenbed 1o the Jiterature hetween young and “old”
ammals are m fact differentes between infant and young
adult animals, and even where this s not so 1t is impossible to
establish correlations between such changes and the rate of
agemng from maximum age records alone.

Methods of obtaining vertebrate data

Tt s ddficult, but not smpossible, to oblsin attuanal
statisties far vertebrates, and as they are virtuallv etcerhint

- svprlacul du expenasmie problem, morecy er, sinee time
once spent will not require £o be re-spent later,

Age-mortahity data can be obtained in three ways: {1} from
populations of anumals specially Lept under close observation
throughout hfe, (2) from analysis of exsting records, (8) by
oross sectional studies which mdicate fhe et

sl srouts 0)

those obternad fans o1 {184 Wi ditter mumencalfv from

i there . -' '
Tongest . .
cross se wvs Us wBlinggs winch
l.l"x‘spectm.n, P larly the anal r’»i hsc;u:, be‘ ﬂgeds }lg
- . . -
. - he number of instances

" for ageng studtes 15,
7 wedougn even i small bied
aortality 1s substantully constant, ringing studses shso\‘: lt‘lc;::
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more wndniduals reach old age than the early death rates
would lead us to expect (Haldane, 1958)

It 15 evident that we ean evpect to obtam figures for most
of the long lived amimals only from eusting records  These
melude kennel and stud books, notes hept by laboratories or
by amateurs, and the record files of zoologienl gardens The
material varies greatly m quality, and the statistical treatment
which 1t requires ts different from that which serves for
laboratory or human actuartal work, sice the data consist of

WOLFHOUNDS
SPANIELS
DINGQES

4y

o H “ \

Ira 2 Survuval curve of 83 Irish wolfhounds by

yearly totals sexes combined (continuous Imz?

Crosses (x) indicate ages of death of 14 apaniels

from the same kennel and points (@} ages of death
of 15 dingoes §n the London Zoo

multiple small semples, and 1n most cases there arce substantial
losses from the record by sale, culling, or dehberate killing in
the course of experiments

We have been collecting material from sources of thrs hind
It has so far been possible to construct survival curves for one
breed of dog, the Insh wolfhound (Comfort, 1857) and for
several ammals (hybnd wolves, € lupus lupus X € 1
occtdentales, dingoes, Ovrt musimon, the mouflon, Ammotragus
lertaa, the Barbary horned sheep, Dolichotis patagona, the
Magellan cavy, Boselaphus tragocamclus, the nighaie, and
Muntiacus mungjae, the muntjak decr) from the records of the

~ /\
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Zoologen) Society’s collection 1 Tondon The chowee of
species 1n these eases was deterarted entirely by the number
of scoresble lives avaiable In consequence the data are
practieay confined to spemies breeding reachly n captruty
and hept i considerable numbers The wolfhound data were
obtmmed from a hennel booh which was exceptions! m thet
the breeder had ascertaned, and recorded, the subsequent
fate of most of the dogs she sold {Fig 2)

The most evnident featuze of the survisal curves which we
have obtaned 1s thewr ssimilanty They all approach o straight
Line over the whale adult period, when survivorship and tume
are plotted on anthmetic eo ord Sucha 1on 18
unusual sn companson with the log linesr dechine wsually
found m wild populations and the plateau of low adult
mortahty in fully domestic ammals It sndieates {1} that the
number of anmmals of a cohart which die 1 umit time 15 con~
stant, (2) that the force of mortality nises continually with age,
since each batch of deaths 1s an increaning fraction of the total
surviving (3} that the distribution of Ifespans 1s vectangular,
there bemg ro coramonest age of death after the imtial infant
mortality is past (Fig 3)

The survival cumves of the two species of sheep (Oure

mustmon and Ammolragus lervia) and of the wolf X tumber
;ﬁlf hybnds m the London Zoo are practically sdentreal
b oo . "

5

b1 R » wwuioliL go3ts appears, from some nstial
figures which are not yet complete, ta be very much shorter
than that of wild goats The figures we obtaned for wolf-
hounds showed a large sex difference 1 mortahty, they also
md‘\tcate that there 1s httle dufference betseen age mortality
e 3 e s iy o e o

Ine

any of )
= w43 sat> RS, 11 fact, Tea
companson mith e - » reached old age by

ards 1 we obt:
of eurves i which the survivorship ean e f:lg:w:\i“t;zs::;\
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more individuals rcach old age than the early death rates
would lead us to expect (Haldane, 1953)

It 1s evadent that we ean expect to obtain figures for most
of the long Ined ammals only from existing records These
include hennel and stud books, notes kept by laboratories or
by amateurs, and the record files of zoological gardens The
matenial varies greatly in quality, and the statistical treatment
which 1t requires 15 different from that which serves for
laboratory or human actuanal work, since the data consist of

o
\\- WOLFHOUNDS

b X x SPANIELS

M . . DINGOES

easm

1o 2 Suriival cunve of 83 Insh wolfhounds by

yearly totals sexes combmned (contmuous hne)

Crosses (X} indieate ages of death of 14 spanels

from the same kennel and pomnts (@) ages of death
of 15 dingoes in the London Zoo

multiple small samples, and in most cases there are substantial
losses from the record by sale, culling, or deliberate lalling 1
the course of experiments

We have been collecting material from sources of this kind
It has so far been possible to construct survival eurves for one
breed of dog, the Irsh wolfhound (Comfort, 1857} and for
several ammals (hybrid wolves, C lupus lupus X C 1
occidentalis, dingoes, Ows musimon, the mouflon, Ammotragus
lervza, the Barbary horned sheep, Dolichotis palz&gona, the

Tanh .

Magellan cavy, Boselap trag the mlg and
Muntiacus mungjac, the muntjak deer) from the records of the
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1y better en tal conditions, it msy be
;mszle Q: {\se them o o source of mformation about the
nature of the processes Which operate w domestication Thus
15 an ymportant question 10 age studies, since studying the
gross Yoss of vygour wineh oceurs late wn senescence we are, m
fact, stadying & phenomenon which only rarely oceurs in the
wild state, and when we study 1t 1n cxrcumstances which allow
» bugh proportion of antmals to reach old age weare, n fact,

3 by d

- g tication an org ferent from that
which atose 1n the first instance by natural selection afe
tobles ot d from zoo popul represent a speetal

ilopical sitnation, m which the ammals receive sufficient
protection from predators to enable them to reach old age,
bt are subject to hugher martabities from epidermics, patasttes,
and behavioural causes such as fighting due to the inter-
ruption of ternitory behaviour

We can corapare the performance of the sheep with that of
Merno ewes, and also with that of the wild sheep studied by
Murie (1944) who prepared a life table by agemng the slulls of
ammals dywmg 1 the Mownt Mekinley Natwnal Patk This s
ape of the few cases where has been d 4
w2 wild mammalian population The companson 1s mterest
g for the much better performanee of the wild sheep, even
when extensively preyed on by wolves, compared with that of
the 700 anunals, but s main mterest 15 1 showing the e
lationship n time between the mean, median and Lt of the
two survival cutves, swce the Peveentages reaching extreme
nges were similar 1n alt three cases  Such wiormation, and the

companson of longitudinal and eross seetional studies wndar
ifferent snemuacce v *

o uave st out to obtain detailed vital
statisties for one pokilothermal v
(Lebstes mumlnms)P e e G

) Dy observing the Wespans of seyeral
thousand specratly Leptindwiduals We hay :‘ found that ihis
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©OVIS MUSIMON
A

MACTRAGUS LERVIA

— WLD O DALLI DAURE)
MERNQ STUD EWESQKELLEY)

WOLVES

IOy CLLABPEL oCComTAUL

T “hio

WILD GOAT
- v

owom w0

Ti¢ 3 Survival curves of
anumals in the Landon Zoo,
sexes combined Drawn from
158 mouflon sheep (Gris musi
mon), 148 Barbary horned
sheep ( Ammolragus lerv1a), 95
hybnd wolves (Cams hipus
Tupus x C 1 occidentalis) and
45 wild goats (Capra hircus
aegagrus) 'The curve of sur-
wival of wild sheep (0 dalh)
and pomnts representing the
survival of Menno cwes, nre
on the survival

curves of zoo sheep
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generdlizing the phenomens we find Tt w uu\dfb‘; pms\“:sl:‘(:.
obtain, within a reasonable time, aknowledge of the comp:
tive rotes 6l agang 18 sertebrates as ful as our Yoowledpe,
Gox anctanee, of ther sexual cyeles This would require the
collection and statstical analysis of as many surtable records
aspossible 1t could be supplemented by cross sectionalsurseys
on domestic amrnals such as dogs, ond possibly even on
speerally hept populations of the larger fish and burds X
thank 3t 15 evtdent that 1f we eould obtam vital statisties only
for the mam breeds of dog, the information would throw
fght on the effects, 1f any, of size on longenity, and of the
endocrine and other differences found n pure breeds and m
expenmental crosses between them Yhorh on methods of
agetng adult vertebrates, such as thal described by Bryuzgm
(1955) and used by Prof Bourhitre’s colleagues on the osufien
tron zones of snakes (Petter Rousseaux, 1933) 18 clear)y of
great tmportance T think that at present the most important
requisite, fiowever 15 the eo operation of those biclogists and
others who have the data, or the opportunity to extract them
but wha do not know the nature of the imnformation wanted ¥
think a sympostumn similar to this one, attended by +etennary,
stachbreedmg and consemation workers, and Awected to
sutveying Mvaddable vecords wonld be of great value to the
busingss of obtatung comparative vatal statisties

Mas I perhaps summanze the points Thave made our work
15 concerned with 4 sertes of phenomena arbitranly chosen for
studv They are probably simdar in ological sigruficance but
they may be different 1 detal The measurements and
defimtions which we use 1 comparain e study mnst teke this
tito account  For thes reasan 1t 15 canmienent to base our
comparnsons, mitially at least, on the declwe of Tigour with
3ge 25 1% 1% measured by Yhe inerease i fhe foree of mortality
wisey of any und ding of the evoluhon of
‘:‘H\S\g;d;r:hmt man that we shauld obtain n better 1mpression

STIOution 1 3 erie)

!lomg this as soon as “%:‘;23 and e should devise ways of
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fish cxhibits a very charactenstic nerease 1n mortality with
age, which we hase been able to correlate with 1ts growth
pattern and reproductive rate under vanous experimental
condittons These experiments are still m progress  Under
good conditions, at 23° C, less than 10 per cent of fish 1n a
cohort have died before reaching 1 year of age, and Iess than
10 per cent exceed 1000 day s 1n the series so far kept The foree
of mortality 1n this species, both 1n the females, whose rate of
growth depends on feeding and space, and the males, which
cease growing soon after sexunl maturity, approximates in its
age distribution to that of the laboratory rat We are collecting
parnilel figures for the rate of fin regeneration at different ages
and under different conditions of gronth I quote this work as
an example of the ty pe of studs 1n which 1t 1s possible to com
bine obsery ational with experimental work and direct them to
attach particular problems Investigations of this hind must
necessardy be confined to short hived species, and our ex
perience with Lebisles suggests that even with an unusually
hardy and sem: domestic organism, and even in the absence of
epizootics and nccidents, to which such research 1s extremely
vulnerable, the mimmum time necessary to complete such a
study 1s twice the hfe time of the orgnmsm

I have not, I hope, suggested 1n the coursc of this paper
that fundamental studies of the processes swhich go on within
organisms, or the cells of orgamsms, are cither not worth
studymg or maccessible to study The brilhant work of
Sonnchorn’s school on the sencscence of clones 1n Paramecium
1s an imdication of what can be done 1n such ficlds—an apt one,
for my purpose, beeause decline m vegetative lines of Para
mecrum 18 an example of an effeet which was long adduced as
evidence of a fund tal biological Iaw, the ty to
maintam cell vigour by scxual reproduction and which
turns out to be pecubar to ciliates since 1t 1s apparently due
to uneven distribution of the chromosomes of a polyploid
macronucleus  We require & larger amount of comparative
information beeause the greater our knowledge of the pattern
and distribution of age effects, the less will be the nisk of over
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‘The sttuatron 13 quite different in lower vertebrates The
fertuity of the females does not generally lessen with age, and
the longer and older the female, the greater 1s s capacity to
produce eggs~—at least up to & certam age In snakes, for
instance, fertility imcreases with the age of the mother In the
Aalrr natriz we have studted an our laboratory, the cluteh
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¥io 3 The vanation wath g,

domestic fowt (Rnergﬁa'ﬁﬁfﬁn’lﬁﬁm:&ﬁo'fmm o
$1ze vanes with age from 16 ta 51

€ggs per cluteh (F)

Arnother Spectes, Coronelly laeoys, showls,e the sam(e lg "
(from 4 1o 13 young per brood 1n 4
s;:;\le:t decrease 1n ferishty can neve,
Oudest idiniduals, as shown £
takes place nt o r:: o dauber

brates of simiar ize (3, than i warm blooded Terte
3;
£ be quite symlar ’l‘(o if.kci an fishes the sttuatyon appears

ngle example, the ay erage egg



THE COMPARATIVE BIOLOGY Or' AGEING-
A PHYSIOLOGICAL APPROACH

I'rancors Bourr18rr

Cenire de Géronlologie Claude Bernard and
de T 1 Faculté de Médi Pans

Pm storocrcar changes oceurring after maturity have been
mamly studied 1n man and a few lnboratory mammals, such
as rats, mice and guinea pigs  The main results of these inves
tigations have been reviewed elsewhere and another summary
would seem to be superfluous 1t 1s sulficient to say that most
of these changes Iead to a deercase mn viability and an merease
m vulnerabihty of the orgamism {The morphologieal and
functional myolution which characterizes agemng starts in the
various organs at varyng periods carly in Iife Its end result
at the orgamsmic Ievel is glwavs o decreased adaptation to the
environmental conditions

But sencscence 1s not imited to mammals, and onc may
wonder 1f the ageing patterns of fower vertebrates and myerte-
brates are altogether similar to that of man and his laboratory
ammals  To be sure, our hnowledge of the ageing processes m
the various types of ammals 1s hardly more than shetchy, but
some comparisons are nevertheless possible  YWe have, for
mstance, some indications of the nfluence of age on fertiity
of various warm-blooded and cold blooded vertcbrates In
the rat, the number of young per htter 1s maximal at the
second or third ltter and decreases regularly afterwards
(King, 1924) In guinca pigs, the greatest fertility comcides
with early maturity (211-420 days) and then dimumshes
(Rogers, 1051) Lhe nghest egg production m fowls, as shown
m Tig 1,15 obseryed m young birds, and the number of cggs
lmid annually decreases regularly as females grow older

(Romanoff and Romanofl, 1919)
20
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1s quite probable that stmlar differences exist mn the
:‘2: l(:f ngcelmg og most organs and functtons YWhat 1s already
%nown of the dispantses m growth pattern and 1 comparative
mneidence of certan degenerative diseases m both groups
supports that 1dea
‘As the vanous hinds of ammals, even among vertebrates,
do not age n the same way, parative biology of
should help 1n distingmshing between the basie processes and
modifications which are merely idiosynerasies When one
considers, for mstance, the unequal distnbution of athero
sclerosis among the various vertebrate groups, one 1s com
pelled to admut that the réle of such a degeneratiy e process tn
agemg phenomena has been greatly overestimated I myself
have dissected many old fishes, reptiles, passerne burds,
rodents and 1 en prmitn e lemurs without findimg much eon-
clusive evidence of atherosclerosis
More ymportant than that, the comparison of age changes in
vanous phyla of the animal kingdom should help us to 1solate
their *common denorminator®  Besides the usual laboratary
snimals—and the sepile hospital patient—the experzmental
gerontologist should certamly take advantage of a closer
study of some “natural experiments” which could seldom, if
exer, be perf d under lat 5 it
To illustrate that point, I should Iike to recall a few ob
servations and experiments which seem %o indicate some
correlation between the rates of energy turnover and agewng
Bifty years ago, Rubner (1808} was the first to propose a
defimte relatronship between rate of metabolism and duration
of he Jle believed that varnous mammals during thewr hfe
times used up approvimately the same number of calones per
usut of weight  As the smaller species have a much higher
:‘:; :}fe;n:tubuhsm per umt of weight than the larger forms,
duration :f il’xrlisiz: 12:1 constaney of body temperature, their
Ingger ety oo wld gecordmgly be shorter than those of
JBger ) such s actuallh the naea D 1
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production per femnle and per year of North Sea haddocks
was found by Raitt (1932) to be 81,000 eggs for the second
year of life, 159,000 cggs for the fourth jcar of life, 278 000

number
of eggs
5

10] ..

A0 (1] 50 €0 70 80 80 100 cm

Tic 2 Tle vanation with age of egg production in
snzhe Natrir rafric

eggs for the sinth year of hfe and 3,295,000 eggs for the
cleventh year As in snales, there 1s nevertheless some
evidence of a shght dechine 1n egg production 1n the oldest
females  In small and short Iined species there 1s also some
fumbe
of £395

5 800, (23 700 740 [=3 ®10 cm

indication of reproductive fatlure with mcreasing age, but
accurate figures are unfortunately lachng However, the
difference m the pattern of reproductss ¢ sencscence between
warm blooded and cold blooded vertebrates rematns obvious
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well fed while their metabolic rate, as mdicated by th;?l he?:i
eay frequency, 15 sigmficantly Jower than n norma”)’ :
mdrmduals  Kopee s (1924) expeniments with caterp; arsn?c
Lymantria dispar gave simular results Among rotifers
hfespan of the adults seems likewse to be v ersely propor
tional to metabolic rate Encysted adults may survm:t as
long as 59 years in diapause (Rahm, 1923) while most active
individugls hve only a few weehs

Besides these expenments, numerous field observations
appear to confirm both the influence of temperature and the
effect of food restriction and reduced actnaty on the duration
of ife of nvertebrates To take but a few examples, 3 tropical
butterfly studied by Fountame (1938) mn Cambodia reached
1ts ymagina) stage 1n only 7 days, while some Arctic Satynids
need more than 2 years to reach the adult stage Among
some molluses living 1n the same area, growth rate, ultimate
size and Quration of hife seem to depend on the amount of
food sradable m the vanous environments  Such appears to
be the case at least, for the mpets observed by Fischer
Piette (1930) 1n Brittany

Thus 1t scems quite certain that the rate of energy metabol
ssm has something to do with the duration of hfe m inverte
brates, but one may wonder 1f such a correlation exsts 1
vertebrates especially mn those groups whose snternal ulien
18 hept at a constant t ure by efficient th )}
ting mechamsms MeCay s experiments (McCay, Crowell and
Maynard 1935) have shown that it 15 nosmble £ lamman 43

- w w uslienial diseosery whach has been eon
firmed many times But many other facts seem tondieate the
major mfluence of the metabolie rate on the agetng processes
of vertebrates

Fishes offer remarkable o

pportunities for study from that
pantef view  Large samples of Dopmlar ane
on = .
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During the twenties, Pear] (1928) and his associates were
nevertheless able to establish, by eareful experiments, that the
hfespan of some invertebrates could be condensed or
lengthened as the average metabolic rate was raised ot lowered
Without considering all the details, 1t seems timely to recall
their man observations  MacArthur and Bulhe (1929) hept
purthenogenetically produced Daphnia magna at vamous
temperatures, ranging from 8° to 28° C, the other conditions
remaimng constant In this way the duration of hife of these
cladocerans varied widely, the mean lifespan being on an
average, 25 5 days at 28° C as compared with 108 1 days at
8° C At the same time they found that an acceleration of
metabolie rates wns always associated with a nearly propor
tionate deerease in duration of hie  An clevation of tempera
ture from 8° to 18° C increased the Daphnias’ heart rate by 12
per cent and their susceptibibity to KCN by 485 per cent
whereas 1t shortened their hifespan by 423 per cent  Simular
results were obtaned 1 Japan by Terao and Tanakha (1930) on
another cladoceran Mowna macrocopa

Using the fruit fly, Drosophila melanogaster, Alpatov and
Tearl (1929) eame to very similar conclusions when studymg
the effcet of the temperature, during development and
imaginal hife, upon the duration of fe of that msect, A high
temperature (28° C) during development shortens the duration
of the subsequent imaginal hfe at all temperatures and in both
sexes, with but one exeeption, ¢ g females reared at 28° C
had a mean duration of hfe of 28 5 days while those reared
at 18° C hived for 70 6 days The cffect of temperature during
the imaginal stage upon the duration of life of the 1mago 1tself
15 equaily strihing, as the environmental temperature 1s
Ingher flies Iive on an average, a shorter time Similar
results have been obtuned by Loeb and Northrop (1917)

Another means of influencing the metabolic rate of inverte
brates 1s food restriction  Ustng the two already mentioned
speetes of cladoccrans, Ingle (1933) and Ingle Wood and
Banta (1937) have found that Daphnia which are starved hive,
on an average, about 40 per cent longer than those w hich arc
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climate pernuts this hizard’s population to be actunlly active
every month of the year and individuals grow throughout
thetr short hifespan  On the other hand, the ncrther? race of
the same species (Sceloporus undulatus hyacsnth wsually
Trves for more than 4 years i Marylang, probably reaching o
manmum age of 8 years In this colder chmate the fence
Yuzard 15 sctive only seen months of the yeor and its growth
appears to stop after abont the fifth or sixth year In thus
case growth thus appeats to be determinate 1n one part of the
smmal’s range and indeterminate m another

Al these observations eoncern porkilothermal vertebrates,
and one may wonder 1f sometlung compargble may occur
homeothermal ammals Recent ecologieal studies suggest
that such may be the case The efliciency of thermoregulating
mechamsms varies greatly in the various groups of birds and
mammals Some species regularly enter penods of hibernation
and of estrvation during which their internal temperature may
fall to & pownt close to that of the environment In such o
state the metaholic rate 1s greatly reduced, often during many
months a year Others, hike bats, normally have a verv Inw
—aroa

B o suwu s pelioute reduction of the energy metabol-
sm so well studied by Pearson (1847}, 15 not at all yestncted
to the growth penod, but continues throughout hfe Itsecems
o me mghly significant that these mammals which have a
poor femperatute regulation and a normally low tate of
metabolism are preeisely those whose Tifespan 1s far longer than
that of other mammals of smilar size In 1847, 1 reported the
case of a wild Rhinolophus hipposideros banded as adult 1
Octaber 3938 and still hving n fine condition 1n May 1946,
More recently, Dorst (1954) reported the cases of mathed
Rhinolonhye faem — "

veneunt 0a0) has even more recen'tly \:hhs;x;:é
additional obsersations for North Amertean spec?es which
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On the other hand, some speetes has e a rather wide geograph
cal distribution and I ¢ 1 waters whose temperature and food
cantent vary greatl

In such conditions stnhing differences 1n growth rate,
tempo of Life and longevity can be found To choose but one
example, the companson of the data of Brown (1948) and of
Miller (1916) on two different populations of the North
American grayling (Thymallus signifer) seems to me hghly
suggestive  The Michigan subspecies has a very rapid growth
and matures early, but has a short hfe The oldest ndividual
scen by Brown wasn its sith ycar of ife  On the other hand
the Arctic subspeeies found 1n Great Bear Lake m northern
Canada does not reach 1ts sexual matunty before its fifth
summer, 1t attains a greater ultimate size and also a much
greater longevity  Some specimens canght by Moller were i
their twelfth summer  The length of hfe of the Arctic popula
tion 1s therefore about three times that of the southern one

Similar nstances could certmnly be found easily in 1ch
thyologieal hterature Sticklebacks (Gasterosteus aculeatus)
do not live longer than 14 to 18 months 1n France, but require
several years to reach thewr maturity m more northern
latitudes  Pilehards (Clupea prlchardus) are said to have &
slower growth and a longer life 1n the English Channel than off
Saint Jean de Luz and the Spanish coast

Similarly, the duration of the larval period of some widely
distributed amphibians varies greatly with latitude In
North Amerien for instance, according to Oliver (1955), the
bullfrog (Rana catesbeiana) undergoes metamorphosis at the
end of 1ts first winter in sunny Lowsiana, while in the extreme
northern part of its range (Nova Scotin) 1t may spend three
winters as a tadpole Unfortunately we have no data on the
comparative longevity of adults in both cases

Among hzards, strihing latitudinal differences 1n growth
pattern and hfespan arc known In Flonida, for instance, 94
per cent of the southern fence lizards (Sceloporus undulatus
undulatus) were found to hive less than onc year, and none
hved 1n their natural environment for two years  This warm
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climate permuts thus lizard’s population to be actually active
every minth of the year and ndividuals grow throughout
therr short Iifespan  On the other hand, the northern race of
the same species {Sceloporus undulotus hyacinthinus) usually
hves for more than 4 years m Maryland, probably reachung &
maximum age of 8 years In this colder chimate the fence
Lizard 15 achive only seven months of the year and its growth
appears to stop after about the fifth or sixth year In this
ease growth thus appears to be determunate in one part of the
ammal s range and indetermunate sn another

All these obseryations concern potkiothermal vertebrates,
and one may wonder if something comparable may occur 1
bomeothermal anunals Recent ecalogieal studies suggest
that such may be the case The efficiency of thermoregulating
mechansis vanes greatly i the various groups of birds and
mammals Some species regularly enter pertods of hibernation
and of estivation during which their internal temperature may
fall 1o a pomt close to that of the environment In such a
state the metabolic rate 15 greatly reduced, often dunng many

months & year Others, lile bats, normally have a very low
metabolic rate, almost t #ha bl 0 7

20 hours a day, then
during hght Suchap

1sm, 50 well stndied by rearson (1947}, 15 not at all restricted
to the growth period, but continues throughout hfe It seems
to me hghly fi thay these Is which have a
poor temperature regulation and a normally low rate of
metabolism are preeisely those whose lifespan s far longer than

that, of other mammals of smlar size In 1947, 1 reported the

¢ase of a wid Rhinolophus hipposideros banded as adult 1

October 1038 and stil} livig 1 fine condition n May 1916

)g::en;-cc:ntly;_ Dorst (1954) roported the cases of mariad
nolonk o fe

o v+ 0w L. yeats bemg very frequent in
these bats  Cochrum (1936) has ey I

en
additional obsecvations fo)r ! Amemean apacn eed

orth Amencan speeses which
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On the other hand, somc speeres have n rather wide geograph
enl distrshution and iy ¢ in waters whose temperaturc.and food
content vary greatly

In such conditions strihng differences 1 growth rate,
tempo of life and langevity ean be found To choose but one
cxample, the comparison of the data of Brown {1948) and of
Mller (1946} on two different populations of the North

grayling (Thymallus signifer) seems to me lughly

suggestive  The Miclugan subspecics has o very rapid growth
nnd matures early, but has a short ife The oldest mdividusl
scen by Brown was insts siath year of hfe  On the other hand
the Arctic subspectes found in Great Bear Lake 1n northern
Canada does not reach s seaual maturity before its fifth
summer, 1t attams a greater ultimate size and also s much
greater longevity  Some specrmens caught by Miller were 1
thewr twelfth summer The Iength of life of the Arctic popula
tion 15 therefore about three times that of the southern one

Sunuler instances could certanly be found essly m ich
thyologieal hterature  Sticklebacks (Gasferostens aculeatus)
do not Iive longer than 14 to 18 months 1n France, but require
several years to reach thewr matunty m more northern
latitudes  Pilchards (Clupea puchardus) are smd to have 8
slower growth and a longer life in the Enghish Channel than oft
Samt Jean de Luz and the Spanish coast

Sumilarly, the duration of the Iarval period of some widely
distributed amplubians varies greatly with lattude In
North Amerien far mstanee, according to Oliver (1035), the
bulifrog (Rana catesberana) undergoes metamorphoss at the
end of its first winter m sunny Lomsiana wile in the extreme
northern part of 1ts range (Nova Scotia) it may spend three
wunters as o tadpole  Unfortunately we have no data on the
comparative longevity of adults in both eases

Among hzards strking Jatitudinal differences 1 growth
pattern and hfespan are known In Flondr, for mstance, 94
per cent of the southern fence hizards (Sceloporus timdulatus
undulatus) were found to hse less than one year, and none
Iived m therr natural envronment for two years This varm

p——
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can be found m sny kend of animal and that senescence 1s
thus 2 fundamental charactenstic of all Iiving matter. But
these various hinds of animals apparently do not age e the
same way and some groups constitute, from the phystologieal
pomt of view, natural experiments on a grand scale, which
should be studred mare closely. The understandmg of the
normal agemg processes 1n man should certamly benefit from
such comparative studtes

REFERENCES

Aveatov, W W and Peare, R (1929) Amer \af, 63,37

Bovrukee, F (1047) Mammalia 11 HI

Bovruing I (1954) Josiah Macy Jr Foundation, Trans Tsth Conf
on Problems of Ageing. p 12

DBotruige I', Perten, J J, and Prrrer Rovssearx A (1936)
Urm Tnet Ca ¢ 7 - "

CR Soc Bul,

= mdon Routledge

. Lot , 83, 303
st 7, 90

€'y
o ‘\S t.‘ M Lgonrewy, M T,and AayNanD, Y.

. A (1935) J Mutr,
Muign R @ {1848} Copnra, 227

OuvER, J A (1955) Tie Mot

tuang ”nd(nep‘) DRI ctnm neve .
Pran, R (1p29) © - -
Pamos 0 7 (10 . .

Teanson Q P {19,
Pranson.0 § f1ovi)

Londor, 52, 145
R ¥ T G G

L‘andar, 56, 317
7 g Paynot, 20,1



28 Frangos Bourrtdnr

confirm Turopean banding results It thus appears that m
these mammals a reduced energy metabolism and a low
fecundity s defimtely associnted with a long lfespan  In
versely, shrews with thewr hugh metabolic rate and fecundity
are probnbly the shortest ved mammals, especinlly dwart
species lthe Suncus etruscus, whose adult weight seldom goes
beyond ¢ 5 ¢

The study of age changes m those short ved ammals
would certamly be greatly rewarding, and we are now trymg
to ramse them under laboratory conditions Temporary
pothilothermism, seasonal or durnal yarmtions of metabohe
rates and long duration of hie scem kewise to eaist m some
birds, ke swifts, humminghirds and goatsuchers (Pearson
1950, 1954, Jaeger, 1049) and even m some pnmitise pn
mates (Bowrhiére and Petter Rousseaun 1053, Bourhére
Petter and Petter Roussenun  1956)

Turthermore, the comparativ e study of age changes should
not be hmited to the vartous zaalogieal groups but shonld be
extended to the varrous human populations especinlly those
whase genetie constitution, nutritional status and ccolognml
environment 15 so diferent from our West European or
North American standards  When teaching at the University
of Hanos Indochina, I was greatly impressed by the way most
Tonghinese peasants age, as compared with their own country
men hving in the big eities—and even more with westerners
On the other hand the so celled ““premature agemg™ of some
“primtn e” populations would need to be my estigated before
1t 1s too Jate I hnow that such studies are most diffienlt to
carry out Iaen if laboratory freities were available, 1t
rmght be hard to get an accurate Lnowledge of the actual age
of the subjects exammed Furthermore any study of that
type needs to be completed by a carefal anthropologienl and
nutntional survey of the population sample which 1s imest
gated There are, nevertheless some countries Iike India,
Todoching Mexico mnd the West Indies where such studies

could be made
"Fo sum up, one ma) conclude that functional age changes

.
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the end of the first year and very nearly the whole population die by the
end of the third year. What the explanation of that 15, I don't know. T
thunk we must try to find a way of measuring the dose of Iife which will
prove fatal to any gnien mdivadual, before it has actually proved fatal

toum
,0. <h: Do you know frm'n which diseases your anuuals suffer ot

prrtanns gane WFha aaen Bt e w3 o 2 » .
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Your wild amimals have varous disenses that 3 ou don't knot, y ou have
no postmortems  So jour vital statistics are not the vital statities we
deal with Ageng must be something you ean define and you, ns a

Sclcntlsrt. must be able to tell me as & chnieian, “These are the elimeal
. e

’ A} .

vanability with age, but look at

bility. I'or an overall factor ik

eausces, you get wider varabihty 1 .
or not multiple causes can be . .
leading to the conclusion, *Here we hatve an nerease in varnbility.”
‘The probabilities are for an nerevse 1 vanality, due to the fact of
two hinds of circumstance  one s disease, acerdent or special popuhtlon'.

n Gor e eea e . N At Al cemrate

. LR} P e,

1 . .
Tange, 1€ the people wWho are extriordinarily 1 igorous or W0 #re et
ordin1nly non vigorous They are the people we do not test we eannot
get them to be examned

Olbrich Tixen nccepting What vou say about yvigour, more \igour or
less vigour 1s a chinseal sign

Lorge Iagree

Olbrich "Lhat s the reason for your great inerease in coefficient of
rarmtion This signafies that the shape of Dr Comfort's blood pressure
curve * conasts of two types of people, the pathologienl and the normal,
nuxed together as one populttion

Lorge There 1s nctually a thurd populttion  This 1s very much like
the anilysis of the hfe tables made by Arne Iischer years ago e
suggested that dufference in y aribnlities may be a function of two, three
or four sets of causes I think lus pont ranes the question of method-
ologry very strongly

Bals Yagreewith Dr Olbnch that instudy ing the hfespans of diferent
ammals we need to know their diseases I studied recently arteno-
selerosts m the dog  This research was undertaken beeause, following

the work of Anitchhow and co worhers, the rablat has been the animal
Al s T - -, - ~Y mne am 1 b1 ac haan enomact

* Mot submitted for publication —Ios
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T R . STy r Lot

sions into the wilds, o number of ammals that had apparently just died
and in blood smears from these hzards he also found an1emtas wiich were
very profound I'ull postmortem examinations (macrosecopic, histo-
logical and haematological) of these amimals also revealed evidence of
gross anaemia So Prof Bourlidre's statement certamly does not scem
to hold true for our country

Another pomt anses from the discussion relating to nutntion There
1s a tendeney 1n the nutritional Iiterature to emphastze the ealonc vnluc‘!
AR e ., e, T et a Aaw

P ' .o

‘
with quantitative defects in the diet cannot be overloohed The need
for studying nutntion i disease or for domg nutrition sursevs has, of
course, been mentioned Howev er, one realizes more and more, by being
1 contact with populations in Southern Africa—not just Johnnesburg
or Durban, but m field work as well—that unless thorough studies are
made, not only of the nutritional state of the people at any partieulsr
tume, but especially of the nutritional habnts of the people from burth,
one tends to get n completely distorted picture The fact 1s, at least in
the Umon of South Africa, that the African people are frequently
malnounshed, virtually before birth, and they are malnourished, qualita-
tinely and quantitatinely, certanly from bu’th'unn} thfu‘- pmmnlu‘:e

eannot be overloohed One of the chamctenstic findings n adults
. . PRTEEN [ TN
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lsle}aume): The‘;g is some evidence that some of the antibiotics have &
vitamun-like action.



Di1scussIoN 87

- e v PR P

avadable?

Comfort The ammals we observed in the wild msy, in some cases,
reach old age; there are some species that appear to do so, but a great
many do got. If we tabe, say, robwns or rats, the proportun that hive
taold sge ,\srda(\w!y smalf; 1n the ease of ats 1t 15 vartually mf, in the
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Best: Dr, Cquort. you scemed to 1rea tha seemn & *
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Best: Weneed superb elmicians for tadpoles andother low er organisms.
It is, of course, extremely difficult to decide even in human patients
whether or not premature ageing is compheated due to infections ot

other defimtely pathol T




THE STUDY OF THE AGEING OF CELLS

J F DaveLus
Depariment of Zoology King 5 College London

TrAT the senescence of mammals 15 10 any way due to the
sgeing of cells 1s an assumphion The phenomena Tesponsible
for senescence as we know 1t may all occur at the supercellular
level, and the differences which are observed between the
cells of healthy adults and senescent adults may be secondary.
Howener, there 1s no doubt that cells do senesce 1t themselves,
and that even 1f senescentce as we see It in mammals 15 not
prmanly due to senescence at the cellular level, nevertheless
when other causes of have been d there
will rematn senescence of purely cellular origm

In view of this posttion the essential aum of the study of the
sgewng of cells must be to detect the pnmary changes respon
sible for the senescence of cells, and then to devise methods for
detecting such changes 1n somatic cells

‘The cells to be studied

The first point which I wish to emphasize 15 that if one s to
stud) senescence i cells, one must has e cells which really are
oid In some peeulir Way this necessity has aften escaped
nouiee, and we find 1v smd that studees on tissue eultures and
©on protozonn or bactertal cultures have shown that cells are
potentially immortal  For the most part thus ts based on a
Tallacy  To begn with, 1f cells are continually growing and

heiding, os they nsally are o the experuments referred to,
then they are not 1o an

y case old eells For example, if the
cellsdinde regularly atintersalsof two days,

o then immediately

afler 1 dvision at worst half of the cell 15 tno days old, one-

quarter 15 four days old, one aighth 13 six days old, and so

on The cell only becomes really old of its multiplieation 1s
N
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prevented  Secondly, cultures of proliferating orgamsms are
more likely to conceal than to reveal any deleterious changes
which may oceur in mdividual eclls  This 1s best understood
by considering Ing 1 The solid hine represents the rate of
normal proliferation of a culture, and the hine B the rate of
prolferation of a cell which suffers a deleterious change, at

Number
of cells L >|<,A
I
\ Y
" A &4\
10 - K| 6\0\
2 &
o a
] _-B
S P
2 ) 2
10 / T
s
ot
o+ M ; N
! |
1 ] Yi
Q t ttx R

~— time (I near scale)

an arbitrary time t PQR are the axes for the normal cells in
the culture, and LN for the modified cell and 1its products
The diagram illustrates the pornt that as time ncreases the
proportion of modified cells 1n the culture steadily falls off
As allustrated, 1t begins at 10 per cent after an mterval
(t -+ ~) 1t will be 5 per cent, after (t 4 21) only 2 5 per cent,
ete Thus under conditions of steady growth any cell suflering
a deleterious change tends to become insignificant 1t s Just

~
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these cells which we should expeet to be important from the
pomt of view of the study of ageing

Tie may also note that 1f 8 change takes place favouring
proliferstion (curse A), then the new cell hine will outpace the
onginal stock and ultimately exclude 1t af sertal subculturing
wsused This corresponds to formation of a tumour

Finally, we should recall that few 1f any celis 1n a bigher
ammal are underg continuous proliferation  In many
tssues eell dwision may oceur seldom or never, so that deleter
10us changes can aceamulate In other tissues, although eell
divtsion 15 common, 1t 1s based upon the division of stem lne

cells which are retamed 1n these eircumstances deleterious
changes -~ e

Thus

culture ¢ w pes © uw Lt Lullilidiey, 10 tae celds
of lugher animals they tend to accumulate  Consequently our
studies should be based upon cells which either are not pro
bferating or which ate stem hne cells

Functions to be studied

Although qushtatne differences between cells serve as a
seluable guide to what should be studted quantitatively,
qualitative studies are usually too subjective to be of great

s salue i themselies Tt 1s desirable to concentrate upon those
cellular functions which can be measured We may include

{1} sbility to grow and dinide under standard conditions,
{2) obihty to synthesize normal eell produets, such as
@ vx:lymcs. hormones, and connective tissue fibres,
ability to respond to stimulation, ¢ g by hos
as adrenaline and testosterone, § "y hormenes such
) abilty to resist abnormal conditions  such as anovia

extremes of temperature,
Cotremes dmgsm + malnutrstion, bactersal towns

Avy ~
e
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Muggleton has found that if eells arc kept for some months
under maintenanee conditions, without growth, they show
marked differences from cells which are allowed to proliferate.
Cells which proliferate normally follow the pattern shown in

/o
O\O
g =]
/O ol ° normal
o proliferation
Mg e ®
~o
0
Q
\O
behaviour after
O/O s Iani period
O Odies without growth
O —Odies
[+]

one cell persisty, cquivalent to a stem cell,

the upper part of Fig. 2, division bemng equational and all the
daughter cells apparently equivalent. But after six months
without growth, on restoration to normal growing conditions
the result shown in the lower dingram is obtained—the
daughter cells are not equivalent and one of the products of
each division dies after a relatively brief life.
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The primary nature of deleterious changes .
bserved such as
When a change i cell behayiour with age 15 ©
the change 1n diughter cell fate noted above, 1t 1s desirable to

trace the change to a primary source Among the factors to
be examined are

(a) mutations 1 chromosome major genes polygenes
plasmagenes and homeostats

(5) infection with wiruses ete -

(6] ! of tovie produets of

Unfortunately most of the techniques which are necessary
for examining these factors m somatic cells remam to be
worked vut e may note that we do not hnow whether
mutation of a single major gene 10 a tissue cell will result m
cell death It may be that the resultant deficiency can be
made good by neighbouning cells  But the accumulation of
man) such mutations m the cells of an argan must hmt the
averall resihence and competence of the organ  Those cellular
characterssties which are controlled by polygenes 1¢ ihent
ance of #h ¢h s quantitatively continuous and not controlled
stepwise by one or two major genes would annear to ho

T« ay piog rate cell actinity ¢an be performed
Since the differences between somatie cell lineages appear
to reside in thow eytoplasms we may also expect reduction in
ecllular competence ta be caused by mutations of plasmagenes
and homeostats * The distnction between a deleterious
nuclear change and a deleterious cytoplasmic change ean
probabls be estabhished by nuclear trapnsfer but the more
detaled analyss of prmary changes needs much more
sttention

2.8 hiomeostat « an orpanization of macromaleeutes
oF of processes
Zﬁﬁm“i e mouch normally earmies out or Contry ot b e
178 214 * ehloroplasts kinefosomes (Dan ellL 198, Nature Lond
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The causes of primary changes

Where the primary change 15 an nfection, or an accumula
tion of tonic products of metabolism, the cause may need
httle further elucidation  But where the pimary ehangeisin
one of the cellular control mechanisms the establishment of
the nature of the primary defcet may throw httle light on the
causal agent VWhere mutation has occurred 1t may be due to
radiations, to mutagenic chemicals or to faulty repheation
Changes 1 homeostats—resulting for example 1n a change n
antigenic type—may be the result of an endogenous process,
or result from exogenous agents such asinfections, exposure to
foreign macromolecules, or to promoting agents So far as the
study of senescence 1s concerned we are still almost completely
m the stage of establishing changes m function with age, so
that the establishment of the nature of primary causal agents
15 at present almost an academic pomt Insofar as we are
successful in carrying through the programme outhned, 1t
wil become Iess academue

Conclusion

The final step n the study of cellular ageing will be to find
means either of preventing or reversing the primary changes
One pomt which must be emphasized 1s that, even when all
other sources of ageing have been removed, somatic mutation
will remamn  Thus 1f there 15 ever to be a complete control of
senescence we shall need to be able to prevent, or to reverse,
somatic mutation

DISCUSSION
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ut I wonder, when ¢ - ‘
ofeells whether we re . *
ment? Can we, for | "
speaking of the ogem - il one etudies, as we have
done, sodusm LRNSPO Ly stemg in smooth muscle 1 tilro, one can get
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I tlunl, #tns —e . - . ..
po- ' . ' .. -

utél 1 can sec, Prof Damielly, thaty ou were drnven to the expeniment
of prev cnting Your unseellnlar Arcan )

An e

1estriching the o )
itea
Tt L] . .

trone .

< ' . . . .
me % v o uave not made accurnte assessments
of ary wesghts of smrvle cells

Best Idont quxte follow that one half of a dividing cell 1s old and
one half new

Damiell  Of the macromolecules which are prcscnt m the cell just
‘before 1t Anvides, at Yeast half (sinee 1t 3o A~ 11

ne -~
M ' . .
H
- . . s
. P . .
o
Lo far{ Have van an  ~F - . -
AN o .
, .
. 1
: ) ' VY A hmc done fasemating

* van wu susl Ay lar as 1oreeall, the usmal Hung that happcns \mh
hinctosomies 13 tlxat the daughter cells will hast “mee

enrmar 1

T Cuasasll sUU per cent old melocomcs

t.omjorl In an orgnmsm hike Stentor, you could make s form o
Iife table

Damelli Yes, that could be done by 1sotopte labeling and would be
an mteresting experment.

Landowne To what extent could the cell that did not divide be
considered to be old because of the vanable percentage of replaceable
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fnatenal? Are you not just shifting the focus of observation from a
mults fndindual ot o multicetiul o the

community of the single cell, and does this rteally escape any of the
problems?

DPamells This was one of the prolilems I was hoping not to have to
deal with extensively! Ilere, ope has to move 1o a little more detad
about the of genes and As faras Tunder
. . P—

T suuty Mpatey

e Cestamly the matromolecules, once made, ate relats
stable in thewr enviconment Do you consider there is much ;ahy‘;xég
flm:.\k‘al repur l:\d resersibiity 1n posstion and in hondineg wttyn g

. o ' hid

- *ha

Landizene 31 they continge to

Pop in and out wmith the

an e same ray

3 n e same manner over period of time. shun 4~ 3 pidity
Ve e e .ot

ddtermuness - L 4 0"

wiirdrne Yes,u0d 1 this fot exactly tha e aret 3
) N

ke N
(LT
e
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I think that mteractions with the cnvironment are of neghgible m
portance, but that we should separate these things quite clearly from one
another,

N T

Rl Y o ' IS I

A}
of the cyto;:l'nsm of the cell?

¢ ] . .
measurements have gone, but we have not made accurate assessments
of dry weights of single cells

Best 1don’t quite follow that one half of a disiding cell 15 old and
one half new

Daniells Of the macromolecules which are present m the cell just
before 1t divides, at least half (since 1t 15 doubled wn dry weight) will be

new macromolecules
I 1 . °

only two days
Comfort Have you any information about those ciliates, and other
such orgamsms, 1n which you can wdentify whuch half of the div xglmg cd}
. By o tamin

Ife table
Dantelli Ycs, that could be done by 1sotopie Iabelling and would be

an interesting experiment,
Landoene ‘Lo what extent could the cell that did not divide be
considered to be old because of the variable percentage of replaceable
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mt:ml’ Are vou not Just shmmv the Iocus of nbscn'.mon fram n
i o

wmmumq of the sm"k cell, and does ths ml!v esc:lpc sny of lhc
pnﬁ\.;% Thes was one of the problems K was hoping nat to have to

deal with extensnvels’ Here, one bas to move mlo a lsl“e more deta:!
Qhreh #hn v mmyhann £ o s § i

patea wite the actusl manufacture of the macromolecules I can see
that m senescence some degree of hmkdu‘m masy take place both in
the of the 1o organize
{hem into spec\ﬁc struckures, and L \hmk eath of tese things must be
examined separately

lnndc:rnz Cenam\) the macromolecules, onee made, are relatrvely
stable m thew envyronment Do you conmder there 13 much physico
chemicad repask and reversibility 1 positron and m bonding withm a
onstroctive bit of architecture, s0 to

speak?
Da‘aw“':h Tb.u dzpend.s op which sort of molecule you \ouL at H
wrn o

Landorne 18 they continue 1o pop in and nut wth
::E n the Jame manner over AP:QPWX( irae .L.\‘\.ﬂsﬂmt mpuhty

shelcton The s & o P A e
¢ sheleton and after a time ¢ 1 | ¢ \-

COmMPOSING one's skel -+

w ot
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dealing then with an older sheleton when, 1n fact, you have got onc

with completely new molecules?
_Damelly 1 don't regard the composition, shall we say the newness,
DN PR E R

' ) ) P
processes that you have to look for some of the fundamental changes
‘ ; . . .

change of molccules 1n certain tissues (such as bone, mentioned by Dr
Bourne) does not scem to hold to the snme extent it certain other
PP y important tissues A to recent studies,

the rate of turnover of molecules in structures Iike collagen is relatinely
slow, In fact, I was rather surprised to learn that it 1s believed that
collagen fibres, once laid down, e g 1n & more ot less mature rat, would
stayn theanimal to theend ofitsIife Iowever, Dr J Gross hasreeently
mdicated that even an extract of collagen flbres actually ages, even at
about 2° or 3° C—ageing here bemng judged by the solubility and other
characters of the extract I don't know how far decrense in speed of
turnover s related to ageng, or, as Prof Damelli has mentioned, how
far ageing affects the hind of molecules which move in and out of &
particular organized structure I mention this possibility because there
are certain hinds of structural protetns withun cells and even within
extracellular fibres which may perhaps decrease thesr speed of molecular
turnover with ageing more than others

Dantells Yes, that 1s absolutely certam, deoxypentose nuclese acxd
scarcely turns over at all and 1t 1s,1n 4 sense, one of the most smportant
control elements

Gillman Are there any others that you know of ? .

. o o,

RPN £ NN
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' Gulfman Therefore, if 3ou are gong to discusy any implication for
the sarvival of the cell n)\ mnt‘pfr.{xysh‘r case, the lesslshe mollccu_lex:
underneath!

Gillmen 'The Lme slong whuch cur group 1 thadung is thot change
and mamtaimed capacity for change 18 the essence of jouth far more than
stability Thus 13 characterized w many features of growing orgamsms
and there seems to me to have been too much of & tendency i much of
?" modem Literature to segard change as a bad thing in terms of main-

s unelliange

Gallman % e have mALAIons thit the clae ansin cepeae b —a ~
1 .
. .

4 € oawle 1 ugn L tiink we know the answer to that, But
E_u:\mk 8 fundamental pomt, 5o far as cells are ponrermad

13 O0eup ne n # e LHMLALIEL L8 IIVING ceMl damende —an
Plete st . P

eld .

Tiot base .

for wst

fengthc®

charact=

© YL UdL they are made from
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vob

Rourne Does thus plasticity, which I suppose 1s represented by the
rate of flow m and out of molecules and cempounds, vary between old
and young cells?

Damellt 1do not hnow

Bourne In a sensc the processes that are going on 1 the ccli are com
parable with an eddy 1n a molecular whirlpool, and it is only the pattern
of the eddy which 1s constant, with perhaps the pentose nucleic acids
stiching out Iike rochs 1n a rapids



EXAMPLES OF REACTIONS TO STANDARD
STIMULI AT DIFFERENT AGES

XK. J. Fravgum

Department of Physislogy, Muffield Research Ume,
st s«&'xﬁmlx- Trospsl Medical College, London

SpEc1aL, research on ageing began m this Department only
fifteen months ago and 1t has been bruted to mammals bred
{with extremely few exceptions) m the Department, and to
Man The staring pomt was the idea that reactions to
defimite stimub at different ages conld be measured, and the
changes 1n reaction with the passage of time could be de-
termimed Results could thereafter be analysed, and when
sufficient researches had been made, one might beginto get 2
better of the

PP

and of agemng.
Thus ditective was not to be the sole one, but 1t has proved to

be the major one, m the Unit’s work to date.

The first study, by Carter (1936), was of the response of the
gingival epithehum of the Merion rat, Merianes libycus, to
brushing, it was intended as a precursor to the studies on
human subjects which ave mentioned below, The brushes
used for the rats were specially made. Male subjects in three
age groups were tested, the gum on one side of the upper jaw

being brushed for one mimute, twice daly, for four weeks,
\\hﬂ(:‘ Uhe other side served as 4 control, The bruslungled ton
agmfinrant snawenrs - Shoal Y - & "o . =

ud
early adult to middle age, agemg per se was without sigmficant
influence upon the thickness of the cornfied layer ar upon
;)):;; :nt:en?)\tb;h\m; Ad supplementary study of animals
rth and early adult age has theref:
but results are nat yet nvm!ab\ef clore been begun,
5
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The Unit's second research study was upon the renal blood
content, and 1ts variations with age, in the rablit, n this
study, Landop (1956) made one of the carlier uses of radioactite
1sotopes 1 studies of agemng, summarnzed as follows 50
rabbits of a standard strain, aged from 1 day to 3 years, were
found to have renal blood contents (ml /100 g renal tissue}
ranging from 50 neonatal to 41 between weamng and puberty,
and thereafter to 80 1n adult hfe These Jevels arce the result
ants of all stimuli acting together under the conditions

49

80
PERCENTAGE
CAPAC 1Y

RESPONSE

40|

. —————

b % [ ) 3
AGE IN YEARS

Fic 3 Diagram showing percentage capacity to reduce renal blood content
at different nges  Subjects 50 Rahere rabbits

obtaining  The standard extra stimulus 1n cach case was &
pertod of 20 sec asphyx of the whole ammal (Franklm,
McGee and Ullmann, 1951), such asphyxia being permitted to
act reflexly upon one hidney only It ecaused & drop n renal
blood content to 20 + 4, wwrespectnne of age, so the actual
drop decreased with age from nconatal to adult (I'g 3)

The third research, also by Lindop, 1s a study of thyraid
function, and n 1t she has once agmn used radioisotopes for
the physlologxcnl, non structural assessment of function
Tracer doses of radioiodine have been used 1n rats to study
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one netinity of the thyrod, narmely, sodine uptahe, as a fune
tion of age This method bas the adsantages that 1t 1s inde
pendent of the hustologieal preture of the gland, and that the
test aself does not distusb the subjeet’s physiological cond:
twn The disadvantage 1s that to get an absolute measure of
uptake the anmals must be saenficed  The method hes,
however, been based on measurements tn 371 rats, aged from

n
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determume the effects of radiowodine, tnjected mto the mother,
upon the embryos snd foetuses at different stages of develop
ment Ths will be of mierest m the light of Van Middles-
worth's (1956} report on the surpnsingly hugh values of radio-
Lodime found at necropsy 1n the thyroid glands of cattle, sheep
ad hwman bewgs on account of fall out from nuclear weapons
The long term effects of this persistent source of mternal
radiation need to be studied 1n relation to deyelopment and
fongevity of the exposed lower ammals and of Man

The sensitrvity of the rat thyroid to internal srradiation has
been studied and sn average dosage of 10 pcfl0d g body
weight has been found sufficient to destray thyrod actiity
m adult rats  The effects of this dosage, and of much larger
and of much smalfer ones, are bemng tested on the long term

thyroid activity ¥n & first senes of 80 ammals, followmg
doses of 7&x - - - -

meastred
Bucise

me, of tue wictusve pal ife 1s taken as 4 days in the adujt
rat  This amount of 15 equivalent to & buman therapeutie
dose

In summary, normol levels have heen established to date
for the percentage uptake by rats of a tracer dose of radio-
todine at monthly ntervals from birth to two years This
standard can now be wused for further studies of thyrod func-
tion as affected by age, and of the effects of contimuous low
Ieved nradiation on agemng of the mdidual smmal and on
litter development

The fourth research 15 the human counterpart of the gum
brushing study o Menon rats 1t arose out of a talk with G A
Cowan, Dental Surgeon to St Bartholomew’s Hospital, and
1ts object was to test s belref, presalent in manv dental o <<t
that cases of ~kv -
Telieved by
with astft C el owlt
1zable test of this hand rould also b:A 1:3:;‘;2? l: ::x:;t;:‘sf:i;
reactions at varying nges, and 1t was decded 4o proceed
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The results thersclves show the immense activity of the
thyrowd gland m the nconatal period, compared with its
actrvaty mn the adult and aged stages The werght of the
thyroid tissue varied from 1 mg 1n the neonatal antmals to
25 mg 1 the adults The average uptahe was 20-22 per cent
m the latter, and ca 10-12 per cent in the former However,
expressed ns a function per 100 mgr thy roid tissuc (Fig 4) the
younger gland shows the ligher activity and thereafter there
1s a gradual fall off with merease n age

o o ®
2 - o) 0 i ¢

PERCENTAGE

UPTAKE OF

o5y TRact
bost

0o,y
e

L N R
AGE 4 MONTHS

T 5 Graph sl owing 24 ! our percentage uptake of tracer dose of
radioiodine by thyroid gland at different ages Subjects 3871
Wiistar rats

Fig 5shows the relative constancy of the pereentage uptake
after the rats are one month old  This can be used to determine
the relatrve sensitivity of the thyroid gland to internal irradt
ation at different ages  In an attempt to study foctal thyrod
uptakes, full term motherratshave beennjeeted with aknown
dose of radioiodine, and the foctuses have been sacnficed
after a further 24 hours, following either spontancous arth or
delivery by Caesarean scetton  They have been found to take
2 5 per cent of the dose given to the mother Now that

upea 2
t]{’ls level of uptake 1s established, 1t should be possible to
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u of the dermal papilae 1s very varble and changes
;:zi\:\dly m places legs than 1 mm apart, this 1s a far less
\ntable mdex of response than the behaviour of the cornified
jayer

1t 1s templing to speculate whether the power to shed intra
cellular water may be the underlying property, and thus pro-
perty be mereased by age So far the only cases which hate
shown anomalous changes 1 the thickness of the carmfied
Iayer have been females As no records of the menstrual
bystory of femsle patients bave been tahen, the posstnlity of

d fl upon eptthel p must be borne

m mnd
In two of the four researches mentioned above we hate
trted—and are stdll, 1 fact, trying—the reaction of rat sud
humap gums to the extra shmulus of beng brushed wath
tooth brushes Unfortunately, 1n the case of the rats, there 1s
no signeficant vanaton 1 the respanse from the tume of
puberty opwards, and 1t 15 not easy to devise a fully com
parablestimidusfor use i rats Quring the neonatal prepubertal
stages, the gum area 15 small enough even i the older antals,
and there are other problems In the human subjects a trouble
not experienced m the rat semes 3 the difficulty of getting
comparable numbers of hiopsy specimens 1n all age groups,
and above I have referred to other difficulties I think we shall
eventually get an answer m respect of human agewg which
will be more declarative than that from the rats, and we have
elready had a mnor wdication of some factors that may be
corerned i thot answer  The fina) comment that

Twill make
on these gum exp 15 that d d
upon fasly complex tstological procedures are not ‘entxrel)
satisfactory and are ty Yol

and time
One comforting point about the human research 15 that the
brustung has elready demonstrated therapentie powers so that
n addition to sny contnbution the work may make to th;
iit:yi’;\?:;::::g;‘tl ?;\y :;:so mahe one to the furtherance of
LTS T
ot vast oo peo;\ 3 to a longer and healthter Ifespan

S
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along such hnes 1f results of a simpler study (sec above) on
Merion rats proved promising A very large programme was
agreed upon by G A Cowan, lus registrar, J L Marsden, this
Department’s Semor Lecturer i Histology, I' J Aumoner,
and the author The subjects were to be patients of all possible
ages and both sexes, and biopsy specimens were to be removed
with agreement from all requinng extractions, the first
biopsy bemng made comneident with first attendance at the
Outpatient Department The total number of such biopsies
w1s to run mto four figures so as to allow for proper statistical
treatment of findings subject to many more varables (eg
left- and right handed brushing, varying loss of tecth) than s
the case i Merion rats

The scheme has been put into practice m the hope that it
will gine evidence of vanation with age in the response to
brushing, as well as be of dircet dental relevance without
reference to age Patients are instructed to brush ther gums
twice daily using & standard dentifrice and brush, bath of
which are supplied free  The brushing nitual consists of twelie
single strokes from gum to tooth on cach of four “quadrants’
mto which each jaw 1s divided, giving a total of 96 strokes in
cach of the two datlv brushings Biopsies are taken one, two
and three months after the begmming of treatment The
bropsy material 1s fixed in Boun’s fluid, embedded in paraflin
wax, scctioned perpendicular to the epithelial surface, and
stamed with haecmatoxylin and costn

So far 53 patients aged from 6 to 67 years, have been
studied The majonty fall into the teenage, the twenties and
the thirties, ather decades boing as yet represented by ver)
few wmdividuals It 1s still premature to try to relate changes
n the response to the stimulus to changes in age, but such
indication as exists to date 1s i favour of an ncrease, rather
than the opposite, with increase tn age Perhaps this 1s
a puberty effect, and that possibithty will be borne 1n
rund The response to the set stimulus 1s & noticeable
thickening of the cormfied Inver of the epithehum (Lig 6h),
the whole epithelial sheet also tends to thicken but, as the
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The hadney research tested the change with agemng m a
particular capacity of the organ, viz 1ts ability to reduce its
blood content 1n response to the reflex stimulus produced by &
gven length of exposure of the whole animal to asphyis, nand
1t showed n marked falling off 1 this capacity from hirth to
adulthfe The technique used 1n measuring 1s of interest forits
modernity, and the findings should be of value 1n any final
explanation of the hdney’s behayiour as a Iender of blood to
ather parts m response not only to asphj \a but alse to many
other stimul

The thyroid research, testing one function of the gland
namely, 10dine uptake, gave an answer even more emphatic
than the hidney research 1n respect of a falling off with age
The techmque was agam modern, making for greater speed n
obtamning more acceptable results

I think that the reactions to some other stymuli may prose
to be nereases 1n functioning up to puberty, with no marhed
changes thereafter, imtra uterine gonadotrophin cffects ean
on occasion complicate such simpler pictures I can also
imagine a third class of results not to be deseribed 1n terms of
variations 1n reactivity to standard stimuly, but that s going
outside my terms of reference

When a sufficient number of findings have been made about
agemng i studies of reactions to standard stimuli at different
ages, 1t should become possible, through this and other n
formation, to produce a properly chronologienl account of the
phy siology of ageing which will be a whole life story, writtenin
an appropriate terminology and infinitely more exeting than
the best accounts nt present avmlable Tlus 1s v no way #
behtthng of such accounts but merely the credo of one person
1 respeet of the future of our as yet very young Seience

Acknowledfiement
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which may somehos remund us of what happens 1 later lfe
1 degenerating cells, this 1s not true agemg on the contrary,
these are processes of adaptation

When the newly born rafant adapts stself to the completely
changed conditions of extra utenine life, 1t acquires the
capacity of beat regulation, of entenc nutntion, visual and
acoustie sensttivity and motor achivities of inereating com
pleaty Thus, 1t mereases the range of 1ts environment and
acquires more and more potentials to meet the constantly
changing condihions of hfe  Its evolution in the first years of
Yife 15 pnnerpally an mereasing capacity for adaptation

The evolution of the mdividual’s nervous sy stem finally pro
wides b with the capaaity to lne i the Arctic and in the
Tropics, at temperatures between —40° and 50° C, to ltve at
pressares betwween 150 mm Hg and 5 atmospheres, to with
stand dangerous radiations and to meet the psychical chal
lenges of the business world or of the political world, 1n ather
words, it enables the groming mdnndual to learn to adapt
brmself to more and more diffieult erreumstances

These processes of adaptation produce a maximal capacity
and effectiveness m many or all the necessary organs To
ensble the individual to survive, his endocrine structure must
E’fm’“f‘”‘- fe healthy, because endocrine hormones influenea

o v ewtiior s deadly enemy  Tratng of oll
argans to almost—but not complete—maximal capacxtgy goes
(lslx; ;hmughout the years of extra Utennehfe Thisis adapta

Tn the young antmal, adaptability overs) i
requerement to a powmt where large r{servces i?:;a;:a::ﬁz
?,T;u::;x!att;d Young srumals “play” with the mother to
inerea: e ! eir forces for any possible emergencies The

nute volume of the heart, the eweulation blood volume, the



STUDIES ON ADAPTATION AS A METHOD
OF GERONTOLOGICAL RESEARCH

T. Verzan
Phystological Institute, Unicerstly of Basle

SiNcx the present conference 1s to deal with *methods’ of
gerontological research, I wish first to explamn wly we have
chosen for our mecthod of attack the study of changes in
adaptation which occur with mcreasing age throughout the
mdividual’s hie

The word “adaptation” has been much misused n recent
years, as if it depended upen the speeml activty of enc
endocrine gland only It cannot be emphasized strongly
cnough that such a concept 1s a msunderstanding of the
fact that “adaptation 1s the gencral eapacity of Iiving organ
1sms to Iive under conttnuously changing conditions™ In
fact, the adaptation capactty of fluent metabolic equilibria ts
probably the best characterization which can be gnien for
“Dhfe” When this adaptability decreases, ageing begins

This vien point may bring us into conflict with the idea that
ageing starts with conception or, as others Iike to sny, with
birth  No doubt there are retrograde cell processes even mn the
embryo, but they are ehanges 1n the ontogenctic cvolution,
which arc not a decrease m adaptabihty On the contrary,
cvolution means mncreasing adaptation to changes mn condt
tions of ife When the human embry o Joses 1ts glls and tail, 1t
has reeapitulated o part of 1ts adaptation from former genera
tions to a completely changed evolutionary period

Birth 1s 10 fact the greatest adaptation process, when
foctal respiration, circulation and nutnition have suddenly,
i nunutes or hours, to be transformed to mecet completely
new Ife conditions ‘Thus even if we see that the placents
and the umbilical cord show listologieal degenerative changes
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which may somehow remmnd us of +what happens in later hfe
1n degenerating cells, this 15 not true ageing on the contrary,
these are processes of adaptation

When the newly born infant adapts itself to the completely
changed conditions of extra utenné YWfe, 1 nequres the
capacity of heat regulation, of enteric nutntion, visual and
acoustic sensitivity and motor activities of mnereasing com
plexity Thus, 1t mereases the range of its envirgnment and
acquires Tmore and more potentials to meet the constantly
changing conditions of hfe Tts evolutn 1n the first years of
hfe 15 prneipally an mereacing capacity for adaptation

The ey olution of the mdividual s nervous system finaily pro
vides 1t wth the capacity to live 10 the Asctic and in the
Tropies, at tempesatures between —40° and 50° C, to hne ut
pressures between 150 mro. Hg and § atmospheres, to with
stand dangerous radiations and to meet the psychical chal
lenges of the business world or of the political warld, 1n other
words 1t enables the growing individual to learn to adapt
humself to more and more difficult exrcumstances

ese § of adaptation produce o 1 capacity

and effectiveness m many or all the necessary organs To
enable the mdividual to survive, his endoerme structure must
benormal 1e healthy, because endocrne hormones influence
the metabolic acuvities of muscles, of liver, of hidney and of
so many other cells A lack of insubin will be as deletertaus as.
2 lack of corticosterords A disharmony between the furction
of all grgans wll be disastrons T koo s
periods of thirst, 1t
bramn neglects to wa .
organs to almost~—but oy eomplete—~maximal capaert
:&:h'Dughaut the years of extra utenne bife Thxf xsc ;ga%‘;:xs

In the young ammal, adaptabiht;
¥ overshoots its ave
l;e;l\:lmxl\ent %0 u pomt Where large Teserves of adaptahol: ‘:gr:.
nea :::c ntte‘fl Young anmals “play” with the mother to
— e forees for any possible emerpencies  The
¢ volumme of the heart, the circulation blood. volume, the
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minute volume of respiration are never used to mavimal
capacity during normal ife, but adaptation produces a margmn
of safety for all eventualities

However, from a certan age on, adaptation as a whole
becomes less complete  More and more, a decrease of adapta
tion capacity reveals atself ‘This 1s completely different from
what happens in earlier ife  When the 15 year old boy shons
& deereased accommodation eapacity of hus eyes, and the near
pomnt of lis eyes 1s no longer 12 but perhaps 20 em, then
something has started which does not increase his ndaptation
to the varable conditions of Jife At the same time, he 1s
already losing the capaeity to hear 20000 Hertz waves
Somewhat later, lus athletic powers decrease, bemng based
on the fleubility of his joints as well as on the capacty of
s lungs and heart to provide for maximal effort Nobods
will expeet the 22 year old Olympic winner to be in the
same condition at the age of 28 or of 80 ycars The adap
tation to sight, to hearing to muscular hyperfunction has
decreased

In psychical eapaeities 1t 1s more difficult to see the carly
start of the decrease in adaptation Itis however, well known
that the traming of animals 1s easter with y oung mdnvduals
Man doces not stop learning, at Ieast 1if he embarks on a scien
tific earcer, but he certatnly loses the eapacity to learn very
quiehly by heart  Even this fact may have diferent explana
tions The miting factor in the taking up of new knowledge
may be not the capacity to remember, but rather the
accumulated quantity of continuously remembered facts
From the point of view of psychieal ageing in humans as well
as n the old leaders of a herd of animals, the factor of expent
ence brings 1n a rather aberrant evaluntion of the old
divadual  Whtle he s less efficient i the sensory and muscular
capacity, he may be incrensingly saluable in a certam
integrating psychic eapacity, owing to hus greater aceuntla
tion of experience in many different situations

When the capacity to accommodate visually has reached
1ts end the human individual has reached lus fifticth year
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In conditions of primutive hife, he will now still be able to
recognize Ios nesghbour 1 the cave, but he will not notice
unti too late hus enemies 1 the Jungle This 1s the same age
2t wiich 1n hus femsle partner, ovulation ceases, and thus
oth become superfluous for the upheep of the race From the
paint of view of the race, they are aged If we did pot respect
1n man the mental part of his hfe, we could nightly say that is
hfespan should end at the fiftreth year It s only the mental
powers which have a coptmuang value with the prolongation
of his bfespan, and J think this provides an answer to the
qQuestion of ambition to prolong fe Indisidual mental
experjence and the capacity to transfer this expenence, 15 the
anly sdvantage of the prolongation of 2 man’s Ifetime, {from.
the powt of view of the race A specific human factor seems
to enter gerontology at this pont

"Thus, & decrease m the capacity for adaptation 15 the mam
charsctenstic of agemg 1€ we try to understand agewng, we
should try ta understand those changes which make adapta
tion Jess possible It would be nave to
decreased adaptation ondy 1n app pholog g
Jt1s true that these exist for instance, the athletie capacity
of the young adsviduat alters 1f us tendons and jomnts become
ngd Tnths case apparently macro and mieroscoprenl tissue
changes seem to evplaw the decreased capaaty, and the
problem 1s  Ithat causes the morphogente changes?” But
adaptation 1s & dynamic process The capacities to integrate

complex functions dsmamsh as shown by the followng
examples

see the cause of
ol 1 oh

The capacity of heat regulation decreases with age (Hugin
and Verzdr, 195Ga) Thns nieeds a central wtegration between
cherucal snd physical processes, ye heat production
the muscle and heat release by conduction, radiation and
©vaparstion through s regulation of blood ereulation and alse
evaporation of water {torm the Tong and slan

oth processes are deercased
are unable to protect themsely

m the aged OW rats
crease wn o cold emvisonment,

€s against temperature de
and they are also Jess able to
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mimute volume of respiration are neser used to maximal
capacity during normal Iife, but adaptation produces a margin
of safety for all eventualities

However, from a certamn age on, adaptation as a whole
becomes less complete  More and more, a decrease of adapta
tion capacity reveals itself This 1s completely different from
what happens mn carhier ife  Vhen the 15 year old boy shows
a decrensed accommodation capacity of hus ¢y es, and the near
point of Ius eyes 1s no longer 12 but perhaps 20 em, then
something has started which does not increase his adaptation
to the vanable conditions of hfe At the same time, he 1s
already losing the capaaity to hear 20,000 Hertz waves
Somewhat later, his athletic powers decrcase, bemg based
on the fleubility of s jonts as well as on the capacity of
his lungs and heart to provide for maximal effort Nobody
will expect the 22 year old Olympic winner to be m the
same condition at the age of 28 or of 30 years The adap
tation to sight, to hearing, to muscular hyperfunction has
decreased

In psychical eapacities 1t 1s more difficult to sec the carly
start of the decrease in adaptation It s, however, well known
that the tramning of ammals 1s easier with young mndividuals
Man does not stop learning, at least 1f he embarhs on & scien
tific carcer, but he certninly loses the capacity to Jearn very
quichly by heart Eten this fact may have different explana
tions The himiting factor in the taking up of new Lnaonledge
may be, not the capacity to remember, but rather the
accumulated quantity of contnuously remembered facts
From the pownt of view of psychical agemng i humans as well
as in the old leaders of a herd of ammals, the factor of exper:
ence brings 1n a rather aberrant cvaluation of the old in
dividual While he 1s less efficient 1n the sensory and muscular
capacity, he may be increasingly valuable 1 a certam
integrating psychic capacity, owing to his greater accumula
tion of expenence 1n many different situations

Vhen the capacity to accommodate visually has reached
its end, the human individual has reached his fifticth year
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Tt 1z however, astomshing how these expenmental psycho-
Togieal studies have ey ealed enormous mdividual differences
1n psvehical abihty 1 018 antmals of equal age, from a memary
comparable to that of a youthup to complete senility withloss
of memory

"The loss of memory seems to show a basie paralichsm to our
findings on retamned physiological adaptation to low pressure
The old ndix 1dual loses the capacsty to readapt himself to a
situation wlich he experienced some time ago, and to which
at that time he had become adapted If this paralieism 15
accepted, we may nEhoy ash whether one should search here
for a basie cellular process—perhaps 1n the central nervous
system only—which 1 young ammals leads to “retamed”
reactions or to ‘remembrance”, and which 13 damaged or 1s
tacking wn the old

Such were our thoughts when we turned to the study of the
physical adaptation capacity of connective tissue Adapta
tion to mechanseal stress needs an adaptability of eollagen and
of elastic fibres  Much has been sad about the decrease
clastiests with age In the artenes, this leads to decreased
adaptation to the changes in blood pressure  The mechanisms
of these changes, have been explamed as an effect of a diminu-
tion of elastic fibres and an increase in elastase activity,
either directly or by a change m the concentration of an
sntagomist  Thus, changes mn enzyme activity have heen
suspected as o cause {Banga, 1933)

A remarhable change m our attitude 1s m progress at
present owing to the fact that it 1s understood that collagen
can change into an elastin like substance (Hall, Reed and
3‘}?‘:1:‘"]{'*‘" 1952 18350 and b, 1956} 1 only wish to mention

uch discussed terntory in order to show that the agemng

of collagen has become of t Vi
great general interest  We studied
t with the hope of findin, o

g such basie changes as
us to understand the d adaptabl g, :r ‘mg}“t heh:
;\ur?'&scs n the aged  We chose a collagen tendon fibre, and
‘&‘c ;‘qmd that with Increasing age an interesting phenomenon
s! n:“s ;l'hc older the anumal, the larger the loads necessary
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protect themselses agamnst the merease 1n body temperature
m o hot environment It 1s true that both cases need the
co operation of many organs—endocrines, museles, circula
tion~but the main trouble seems to lie tn a decreased central
capacity of regulation, probably i the central nervous
system

This 15 even more obvious n the next case, the loss of
ndaptation to low ovygen pressure (Verzar and T'luchiger,
1955) At 0 5 atm, body temperature drops several degrees
but 1s restored to normal an one or two days  0ld anmmals,
however, lose the capacity to restore this drop in temperature
Turthermore, they also lose the capacity of “retamed adapta
tion” Tius means that 1n young anmmals the heat regulatory
centre or the body cells in gencral ean, so to spealk, learn tolve
at a low ovygen pressure, but thus 15 not possible 1 the old
anmals

Certain other powers of adaptation still scem to be present
n the aged ammal to a remarkable degree, for mstance, work
adaptation by means of hypertrophy

We have tested this mn the heart (Hugin and Verzdr, 1056)
and found that an mnerease an resistance and consequent high
blood pressure leads to left ventricular hypertrophy m 5 days
n the rat  In a deeisive number of old animals, such a work
hy pertrophy of the heart muscle was equal to that in young
amimals  Also, the compensatory hy pertrophy of the hidney,
after extirpation of one kidney, was hardly less m old nmimals
than i young ones (Verzér, 1955a) Similarly, the compensa
tory hypertrophy of the adrenals showed nbout the same
values in young and old ammals (Verzar, 1055a) However
we recognize the difliculties arsing from the competition of
atrophic processes which may run parallel to hypertroplie
ones tn these old ammals

Lxperimental psychologienl research  shows that the
ability of adaptation to learn a maze m order to gret food
(thus o process of learming) deereases measurably with age
{Verzir McDougall, 1955) Turthermore, the capacity to
remember a Jearned task decreases in eertain aged indivaduals
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It 15, howencr, astoishmg how these exp tal psyeho
logical stuthes have resealed enormous individug] differences
wpsychical abihty 1 old ammals of equal age, from g memory
comparable to that of a j outh up to complete semhty with loss
of memory

The Joss of memory seems to show a basic parallelism to ouy
findmgs on retamed physiological adaptation to low pressure
The old wdividual loses the capacity to readapt Tumself to a
sitzation which he experienced some time ago and to which
at that tume he had become adapted If this parallelism 1s
accepted we may rightly ask whether one should search here
for 2 basic cellular process—perhaps in the central mervous
system only—which sn young animals leads to ‘retamned’
Teactions or to remembrance and which 15 damaged or 1s
laching mn the old

Such were our thoughts when we turned to the study of the
physical adaptation capacity of eonnective tissue Adapta
s to medhamiedl stress needs an adaptability of collegen end
of clastic fibres Much has been said about the deerease w
clastienty with age In the arteries this leads to decreased
adaptation to the changes i blood pressure  The mechanisms
of these changes hase been explamed as an effect of 8 dimpu
tion of elastre fibres and an merease m elastase activity,
either direetly or by a change n the concentration of an
onfagowsst  Thus changes e enzyme actiity have been
suspected as a cause (Banga 1053)

A remarhable change th our atbtude 1s m progress at

present oning to the fact that 1t 1s understood that collagen
can change wite an elastin Like

b:
Tunbridee 10 o 1o ¢ st:mce {Hall Reed and
it
o
generat mterest  We studied.
1t with the hope of findmy, 65\1:;1 b
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s to tnderng 2 h Asxc d‘m'ng;s :: mlg}:t hclp‘
{"Ucl’gf:j:sd ‘l‘;\ ;{m ng]cd We chose a eollagen tendon fibre, and
W agean wnd h
starts The ol ' oad
oo ¢ der the anumal, the larger the loads necessary
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to mhibit the thermal contraction of the fibre Ve have
reached the concluston that the explanation of this phenome
non must be an increase m “cross Iinkages®, perhaps of
hydrogen bonds between the collagen molecules of the tendon
fibres mn the aged (Verzdr, 10556 and ¢, 1956) The same
mechanical ehanges of thermal contraction as i the isolated
collagen fibre ean be seen 1 whole shin and also in the whole
neryve (Verzir, 19555)

It 1s possible that a meehamism of ageing of filamentous
proteins, such as collagen, has thus an even more general
interest  Many biologieally important proteins arc filamentous
molecules, hke mnsulin and the nucleotides of the chromosomes
ete If ageing means an merease m “cross linkages®, then
this process might occur also in other protemns m a manner
similar to that seen in the tendon of the rat’s tail

If 1t were realized that an merease m eross Iinking ts & mamn
process of agemng 1n molecular dimensions then it night even
be possible to appreach experimentally the question of its
decrease  Curiously enough, the tanming industry may
already have the greatest expenience, one which we ean use 1
future studics on ageing (Bjorhsten, 1051 Wood, 1054 A
destruction of cross linkages in general may be able to post
pone ageing, cspectally n certan tissues, perhaps m the
collagen containing tissues of jomnts and tendons

Paraliel to these changes i the collagen fibre there are others
which break st down to elastin ke tissue (Bangn 1953, all,
Reed and Tunbnidge, 1952, 1055¢ and b 1058) These changes
are i many ways sumdar to those which can be shown ev
perimentally by thermal and some chemienl influences on the
collagen fibre The thermal contraction starts with a break
down of mucopolysacchande from the filamentous protem of
the collagen fibre, if the temperature 15 lugh enough, this leads
to a contraction This proeess ean be much aceelerated or the
temperature at which contraction occuts can be much lowered
by smds T only want to pomt out, m a rather hy pothetical
way, that we are approaching here the problems of the causes

of elastosts of the human shin
o~
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Ve are also moving nearer to the solution of another prob
tem the continuously imcreasing capacity of tissues to bind
calequm (Freydberg and Verzar, 1956) The older the animal
the larger 1s the caleium turnos er i sorta, ung, brain and ten
dons, while at the same tune 1t has rapidly decreased in the
bones It has been pointed out by others (Bangs, 1953} that,
wath the breakdown of collagen, di amupo actds which have &
great affimty for the caleum 10n become free 1n the fibre pro
ten The caleification of the tissues may be a direct conse
quence of the same process which changes the collagen fibres
1nto elastin like tissue and also breaks down the elastic fibre
nto amorphous matenal

Wath this we have reached the realm of protem chemustry
as 8 fundamental part of research on adaptation changes,
sshich mght berome the basic phenomenon of agemg

It will I behieve be the main object of future research on
agemg to understand the facts which are responsible for those
changes of the protems of cells and tissues which fead to the
decreased capacity of the aged mdividual to adapt himself to
the constant ehanges 1n conditions of hife
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I don’t hnow to what

by
. . .
't K LN ' Verzdr, shether this accure
uld see whether there is any
. LI L ¢ ¢ change and the time scale

of the process af senescence.

Verzdr: We have tested this only on s but it Js posstble that one
could start to work it out also for ather anunate

Camfort: ‘The tendo Achillis in man should be fairy accessible. 1
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Damelh: 1 find 1t nlmost perpleving that the suggestion that the
plns'uc_(ty of the cc"—th'c relative abscoce of crosssinking. fund
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any interpretation of age changes in collagen T don’t hnow to what
extent these play a part in this problem.

Ferzdr- I was'most impressed on hearing from Prof Haddow* that
. . N .
.. . .

Iinked moleeules remain cross-hoked and are not renewea  Inore ni
some ingenious older hypothieses nbout eross Linking processes in ageing,
but at present we can only say that i certain cases we have really
prorved that this happens,

Comfort: It would be nice to know, P'rof Verzdr, whether this occurs
in other amimaly, or (n man, so that we could se¢ whether there iv any
relationstup between the time seale of this change and the thne seale
of the process of seneseence.

Yerzdr: We have tested this anly on mts but it is possible that one
could start to work 1t out also for other animnly

Comfort. The tendo Achillis in man should le fuirly nccessible. I
don't know how much surgmcal material yor coukl get but you could
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Bald: I was very interested in hearing Prof. Verzdr's report of his
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overcome the difficulty. Already in the human subject, entirely apa
from agelng, we have got some rather spectacular cures,
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METHODS AND LIMITATIONS IN STUDIES OF
HUMAN ORGAN SYSTEM FUNCTION

Miprow LANDOWNE

ach Aafngl Heart Iosttate PHS,DHE & ¥ , Bethesda,
et B atmore oty Hospials, Baltore, Margiand

ExpERIMENTS where time 15 a vanable are so essenta] to
most researches that one could fauly mclude all scientific
disiphines and methods mn & discusston of the methodology of
sgong  When the pnimary focus s upon ageng ot age changes
11 human brology, where studies may extend from Lcytologlcal
s e A e e e

which have been used mn the study of age changes 1 man, I
should like to diseuss some of the approaches and share some
of the Iimitations of methedology with which we have been
ceneerned in our studies of physiclogieal funetion in contem

porary adults The word * cantemporary ™ emphasizes not only
that we Inch longitudinal studies for the most, part, but also
that the samples of the spectes which we study yreld us data
sbout how man today has aged and not whether man ages
apurt from his present environment  Ths, then, is a pragmatic
tiew of ageing, and, m ths, all things which alter strueture and.
funetion with time are relevant and ove to be counted  While
our tash 15 certamnly to desenibe the changes, it 1s unportant
that we do so n a manner which attempts to identify the
mm;c !nm\ the cause of change, or to learn how change 1s
avoided

Parimeant tan o 1 w1 .

.
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*“normal® man, or for that matter even a good sample, then
one mught cautiously 1 enture to propose that agewise changes
m such o sample were manifestations of normal ageing and
therefore, these might constitute the mdices and the represen

tations of the normal ageing process The unfortunate fact 15
that we use the word “normal™ here to mean “without
abnormality” or “free of pathology ”, cte, and not m its
alternate statistical sense of * norm”, referring to the common
model, the standard or the representative type VWe may try
to obtaun our group of “pure” normals by excluding hnown
or testable abnormality, but since we can hardly esclude
unknown abnormality, we are unable to apply a eniterion of
the goodness of our selection, nnd have no test of punty I
all the subjects 1 an experiment are represented by 100 per
cent, such discased subjects as may be readily dentified
might constitute, let us say, about 10 per cent of the popuin

tion  Thus stself nught not be too disturbing, but an mereasing
agewsse meidence of this fraction does disturb us We may
deal wath this by excluding the members of this group in order
to obtam greater umfornuty and less wterfering discase  But
do we succced m this? Although manifest disease may be
readily diagnosed, mmimal to moderate diseasc 1s sometunes
found in lgher metdence than can be reliabhy disclosed by our
chinieal methods of examination TIig 1, from the data of
Wilhus, Smuth and Sprague (1933} shows the pereentage
incrdence of coronary arteriosclerosis in a series of over 8,000
cansecutis e male autopsies at the Mayo Clime  ‘Lhe merdenee
of marhed and of extreme discase 1s of an order compatible
with clinieal figures, but only 2 out of 1 000 subjccts 60 vears
or alder were yudped free of the disease on gross morphologieal
exammation of the heart  On this basis an individual of €0,
nathout coronars artcnosclerosts )s abnormat, 1 ¢, he has a
statistieally improbable eondibion —he 1s unusual - Qur tash
15 to deternune whether eardine functional ehanges nre m
consequence of or despite coronary scleroms, fo ascertam
what effects and mterpretation these changes may call for

Tius 15 not simple  To illustrate, the clectrocardiographic
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responce to 2 standard exercise (Master and Oppenheimer,
1920) was ostensibly desyned to disclose coronary arteno
solerosis 10 mdividuals with equn ocal or no clmical evidences
of candine disease and 1n whom the lectrocardiogram at sest
was porraal  Agewise differences m the normal Sectrotardo-
praphue vesponse to exereise have been reported by omr
fabaratory (Sdver and Landowne, 1053}, a3 well as by others
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xlr‘\ ‘\::n n;;n}r:cr and eg:cm eness of selection of these ** normals”,
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from the study It 1s therefore plaustble to consider that
certan of the agewise changes m the “normal” response are
due to disease, and as a result, the test indulges an increasing
tolerance m the cluncal evaluation of older subjects A siular
picture enists for the general as well as the eardine nrtenal
arculation  Tig 2 represents data for arterioscleross of the
norta from the Mayo Chnie experience (Wilhus, Stuth and
Sprague, 1933) While general morludity statisties do not
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reveal arterial disease 1n the extremitics to be extremely
common, this refers to clinieal and not to latent disense, and
chmeal mamfestations are commonly  complieations or
sequelae  The inerdence of sub elinical disease mught tell the
same story as do the figures for sortie i olyement
Parenthetically, the arteral disease referred to 1s mainly
atheroselerosis In coneept, this mas exist as & process or
tendeney wdl in advance of even subtle morphological
phusieal or chiemieal indices Thus cven when we shall have
the dignostic techmques to detect arterioscleroses before
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stations of arterial function compromise the function
1\;;" the tissues sersed, disease may be m a well established
stage

In the area of cardiovascular physiclogy then the con-
temporary pattern of early and increasing age mcxde‘nce of
ath 3! makes the bility of selecting pure
narmal subjects remote, if by “normal” we mean free of this
disease Mareover, for the time being, the dependence of man
on his aseulnr system places the burden of proof wpon any

renal function {Shock 1032), glucose tolerance {Silverstone
¢t ol 1936), nerve conduction veloaity {Neorris, Shack and
Wagman, 1952) eic, mght be secondary to vascular altera
tion  Before proposing that these agewise effects represent
primary mantfestations of ageing the réle of the eicculation 1s
to be constdered

¥t would be much simpler to select a representative sample
of « population, and in this manner, give a picture of the

norm This would be descuiptinely acceptable Severely
himtting the success of this approach are those aress where the
degree of abnormality will hardly remam constant aver any
age span snd much of our variance becomes ascribable to the
increasing age medence of pathology A recent study of
pulmonan sentdatory function {Norns et of , 1956) may he

ustd to emphasize the double quandary, and here disease of
more than one system ma;

Y be present to affect pulmon:
bellows function Fig 8 m : ; kit

ndicates the meidence of ehmeally
dirguosed conditions  The merdence af an ba a
te

. wev s, Uy OUF Stad re Ao
N

s swty, we shoudd have had .
sudy but a study of disease Qn the other )z.:nd 83 a’)‘loc:s%i
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suggestrve of discase had been exeluded, we should have fen

and sufficient old subjects
In some studies with few subjects, we have deseribed
mdividual results, still hoping that we had selected the
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“normal™ or the norm  These were detatled metabolic
balanee studies such as ACTH studics (Duncan ¢! al, 1932) or
caleium balance studies (BogdonofT, Shock and Nichols 1053)
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There 15, however, nuuch of additronal value to be gamed by
observation of the umque Dr Dickinson Richards has a
recent paper on the ageing lung which ncludes the considera-
tion of o few highly selected subjeets with no tamt of disease.
Such few ymque ndriduals deserve most careful study.

1 belies ¢ the most useful information 1s obtained not by any
single one of the sampling methods, but with all of them,
singly and together One may successfully weigh and find

yuential the infh of a small p ge of cont
natun with dugnosed or d Qne may
even deal with a sizeable percentage if agewise bias can be
excluded or accounted for Yherever disease 35 dominant,
any known lantation of the clinieal art ought to be fawly
recogmzed, for chmical uthomty has been defined as *the
obsessed state™ and the speaificity of chnical diagnosis may
have s wide range of vaniation [y approach docs not mean
at all to deprecate chimeal exaluation, or to devalue studies on
older humans because there may be a high incidence of patho-
fogy i elineal or putatine normals  Such studes and
evaluations are needed, but needed too 1s cognizance of the
Vimstations of the matenal It may be pomnted out that thus
problem in subject sclection apples as well to age studies 1n
D‘lhcr speetes thon man, but the science. as %ol 5o $ha nos o8

> s owuit Wikl a ighly specitic meanng and, thus,
the wterpretations of expenments which res eal age differences
may be mﬂ’:‘m!k As examples, the age changes n vitam w 2
Pvored . i

. 1+ L renut tunctional change sather than
of \itaram defiiency or adrepal functional declima Tt~
an electennne 1

. ‘ .
no i

~ T ectuany, it s ot o speafie indi-
:;:;; Zt \nﬁ‘:‘t;dmi ru\nchon ‘These obsersations are never-

T, A
> 80 vald conclusions may be reached
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1s howeser, much of additronal value fo be gamed by

g:::\n\,:n of the umgue Dr Dichmson Richards has &
recent paper on the ageing lung which includes the considera
tiom of & few Tnghly selccted subjects with no tawmt of disease
Such few umque sndisiduals deserve most careful study

1 behex e the most useful mformation 1s obtained not by any
single one of the samphng methods but with all of them,
singly ond together One may successfully wergh and find
inconsequential the influence of a small percentage of contams
nation with diagnosed or undagnosed disord One may
even deal with o sizenble percentage if agewise bias ean be
excluded or accounted for Wherever disease 15 dormnant,
any known limitation of the elimeal art ought to be farly
recogmized for chinsea) suthorty has been defined as * the
obsessed state and the speetficity of clmeal diagnosis may
have & wide range of vanation My approach does not mean
at all to deprecate chimeal ey aluation or to devalue studes on
older humans beenuse there may be a high ineidence of patha
logy n chimeal or putative normals  Such studies and
evaluntions are needed but needed oo 1s cogmzance of the
limitations of the matenal It may be poted out that this
probiem i subject selection applies as well to age studies in
other species than man  but the scence as well s the att, of
chmeal disgoons has reached Yupgher levels in the human

Muny of the studies which may be performed 1 humans do

n:t yield wformation with o aghly specific meaniny and $h «
e b aea s

'
t vl enal functional change rather than
of vitamun defictencsy

or adrenal functional dechine Although
an electrocardiogram 8ppeats 1o be a speafic cardiae record
because it registers electrieal potentinls of eordiac angin thisis
not quite the case and particularly, st 15 not o specific inds
cator of myoeaedin} function These observations sre never
theless saluable, and valid conelusions may be reached
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particularly by the addition of reley ant and enitieal evidenees
from several different pomts of view

As an illustration of a quast speerfic study, I nught outline
the approach and results of some obsery ations of shin tempera
ture which we have made (Landowne, Silver and Silyerstone,
1954) The phyvsiological Iiterature refers to statements that
skin temperature 1s lagher during the more active and robust
years and decreases with advancing age, but 1t does not vield
cnitreal data in this regard  Because of the reduction in basal
metabolism with age, the older subject loses less heat to hus
environment  Itis then to be expected that a reduction oceurs
m the heat transferred by the blood flow to the shin The
popular concept and interpretation of subjectively cooler
extrermties 1 some older individuals 1s that of a reduced
resting penpheral eirculation  Agewise changes in cutancous
crrculation nught alter the cfficiency of body temperature
regulation and might also underlie the age changes in structure
and functions of the shin In mederately cool, shll ar at
constant temperature, heat losses by coniection and evapora
tion are mummized and the total heat loss, wlnch occurs
chieflv by radiation, 1s proportional to the shin temperature
In this manner, the shin temperature ean provide an index of
the cutancous cirenlation and of the heat loss under resting
conditions In addition, under conditions of indueed v asodila
tation, the skin temperature can yield mformation as to the
functional itegrity and reserve of major arteries as well as of
the cutancous blood supply  The analysis of the temperature
response of the shin to heating of the trunk 1s taken to be an
indication of the maximal blood flow to the skin The maximal
cutancous blood flow 15 1n turn considered to reflect the
mmnumnal vascular resistance of the shan cireulation and by
presumption, on the average, of the circulation m the entire
imb The commonly encountered cause of fixed mmerease
vascular Tesistanee (except n hypertensne subjects) 1S
artenosclerosis of the major arteries  The portion of the total
regional or planctary population avalable for mnvestigation
(Fig 4) may be considered to melude an undetermmned and
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particularly by the addition of relevant and entical evidences
from several different points of 1w

As an tllustration of & quas specific study, I might outline
the approach and results of some obseryations of shin tempera
ture which we have made (Landowne, Sils er and Silverstone,
1954) The physiological literature refers to statements that
shin temperature 1s higher during the more acttv e and robust
years and decreases with advanaing age, but 1t does not yield
critical data m this regard  Beeause of the reduction in basal
metabolism with age, the older subject loses less heat to Ins
environment It s then to be expected that a reduction occurs
m the heat transferred by the blood flow to the shin The
popular concept and interpretation of subjectnely cooler
extremities 1n some older mdriduals 1s that of a rednced
resting peripheral eirculation  Agewise changes in cutancous
circulation might alter the cfficiency of body temperature
regulation and might also underlie the age changes in structure
and functions of the shin  In moderately cool, stil air at
constant temperature, heat losses by cons ection and evapora
tion are mimmized and the total heat loss, which oceurs
chiefly by radiation, 1s proportional to the skin temperature
In this manner, the shin temperature can provide an mde of
the cutancous circulation and of the heat loss under resting
conditions In addition, under conditions of induced 1 asodila
tation, the shin temperature ean yield mformation as to the
functional integrity and reserse of major arteries, as well as of
the cutancous blood supply The analysis of the temperature
response of the shin to heating of the trunk 1s taken to be an
indication of the maximal blood flow to the shm  The maxmmal
cutancous blood flow 1s, 1n turn, considered to reflect the
mmmal vascular resistance of the shin circulation, and by
presumption, on the average, of the crculation m the entire
limb The commonly encountered cause of fived increase m
vascular resistance (exeept m hypertensne subjeets) 1s
arteriosclerosis of the major arteries  The portion of the total
regional or planctary population available for nvestigation
(Fig 4) may he considered to mnclude an undetermined and

-~
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total heat loss or else to compensation for a reduction tn
the evaporative heat loss In response to a vasodilating
manoeuyre, the temperature rose in the fingers and 1n the
toes i most subjects, but i a varying degree and manner,

-
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Bt the average fesponse with



82 MiLTon Lanpowar

mvailable for study, a group of 78 were selected as smtable,
their ages ranged from 26 to 93, with & mean of 58 They
were chosen beeause they presented no disorder which we
thought would interfere with the test or ats mterpretation,
and because they had no symptoms to indicate the extstence
of peripheral artenal disease  Lleven of these subjcets were
considered to warrant functional classification according to
the American Heart Association standards as class 2 (mmnt

mal imparrment m reserve), and the remamder as class 1 (no
mparrment)  Each subject was studied twice The shin
temperature was obtamned at siv sites by multiple pomnt
automatic recording thermocouples  After equilibration for
90 minutes 1 & room constant at 22 7° C, reflex vasodilata

tion was induced by specinlly designed radiant heating apphed
tothe trunk and abdomen This method of eliciting a maximal
vasodilatation mn fingers and toes was sclected as cons ement,
effictent, and well tolerated Subject acceptance of procedure
15, of course, a prime requisite of experimental design

From a study such as thus, we have come to these conclu

sions under standard conditions these 78 subjects, without
evident peripheral vascular disorder, showed a umform tem

perature of the fingers and a shght but statistically sigmficant
agewisc increase 1n the temperature of the toes  The obsera

tion that older subjects have warmer toes under these condt

tions, does not support the 1dea of any decrense 1n resting
shin flow with age Sincc blood flow 15 relatively low under
these conditions, and shin temperature s only an indirect
index of flow, 1t eannot be concluded that resting flow to the
toes increases with age  In some older subjects, toe tempera

ture exceeded finger temperature, showing a reversal of the
finger toc gradient which 1s considered to charactenze the
relative vaso motor participation of the upper and lower
extrermities 1 heat regulation  These are evidences for a
change with age m the differential heat regulating activaty of
the upper and Jower extremitics  There may, therefore, be a
greater relative hent loss by radiation n the toes of older
ndisidualsat rest 1n a cool environment, due either to a greater

Vd \\/
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tatel beat loss or else to compensation for & redutbon in
\fe evaporatwve heat loss In response to » v asodiatmg
maneeuiye, the temperature 1ose 10 the fingers and m the
ot 1 most subjects, but m & varyiog degree and manner
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age In over onc third of all 78 subjeets, the toe temperature
did not exceed the group mean of 30 7° C  Among the 40
subjects who were older than the mean age of 58, two thirds
did not attain this temperature  Nine of the 11 subjects who
showed mumimal clinteal evidence of functional impurment
had responsecs to less than mean values, but there were 18
subjeets chimeally graded ns class 1 whose responses were no
better The response of 8 patients with mantfest and adsanced
disease of classes 3 and 4 have been added In none of these
did the toe temperature exceed 80° C However, they did as
well as 10 of the class 1 subjects in the same nge range  This
mght suggest that the test procedurc lacks sensttivity or
selectivity It may alternatively indicate that the functional
capactty of subjects and patients was about equally limted
In the patients with mamfest discase, symptoms and signs
had developed, while m the subjects who were not patients
these complications of a latent disorder had not occurred
Although useful, a single test of this hind cannot be considered
to establish a diagnosis without other corroborative ¢vidence
To be a good diagnostic procedure, a single test should provide
a small number of false positives and false negatives, but as
long as the incidence and distribution of the cases of disease
are not hnown with certmnty, we eannot determmne the
accuracy of detection by any proposed index, this meludes
our own quast specific measurements

Somewhat more may be ventured in the way of interpreting
agewise changes n studies which deal with more specific
measurements, particularly if these are combined with other
cqually or less specific measures i the same individual, or m
similar groups This may be illustrated by the cardiac output
studies which we have made (Brandfonbrener, Landowne and
Shock, 1955) It might have been expeeted that we should
find cordiac output to decrease with age Tarlier work sug
gested 1t It had also been demonstrated or mdieated to be
hikely, that regionnl increases 1 the renal, cerebral and e
tremity vascular resistance oceurred with age This would lead
to an ncrease 1n total resistance of the greater circulation, 2
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fieapt redhytnb af tug resist orboth Espeerally
m assofishion with a decrease w cardiae output, an agewsse
wmerease 1 mean arterial pressure inferred from s stolie and
disstobe valies (Master, Dubhin and Morks, 1030} would
mdieste an Inerese wn iotal resstance, thus, the mter
relationship of cutput and pressure prosides for an evaluation
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shows o seatter plot of the individual valies. The coefficient
of variability was 3 82 per cent. About half of the total
variance, or one-third of the standard deviation, turns out to
beassociated with difference in age. A decline in cardiac output
is evident after the third decade, and, on the average, there is
a decrense in cardiac output of 1 per cent of the 50-year
value per year.*

Table I
PARAMETERS OF REGRESSION EQUATIONS BASED O TIIT FORMULA:
Y =Yg e®@ESEpx

WHERE Y34 = PREDICTED 50-YLCAR VALUL; D = pERCENT CHANGE PER YEAR]
5.E.h == STANDARD ERROR OF b, X = AGE MINUS 50 YIARS,

Average Clmwve

Ttem Average at 50 years ohfuT. & S.E)
Cardiac output 501 —101:£013
(1./min.)
Cardine index 2-91 -0%9 4013
(L/min, m.")
Surface aren 172 22 4 0 00
(m.1)
Heart rate 637 ~0-31:£011
(beats/min.)
Strohe index 42 3 —-049 4013

{ml.fbeat m.%)

The 1 per cent decrease in cardiac output per year may be
seen (Table I) to be due 1 most part to a decline in cardinc
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index by 0 B per cent per year, and to o shight reduction i
calculated surface ares  The regression of cardtac mdex an age
1s due partly to an average decrease tn heart rate averaging
0 B per cent per year, whike the remamder, or ¢ 6 per cent per
year, represents a reduction i stroke index, the blood pumped
per beat per umt of body size {Fig 7}
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Brandfonbrener and Shoek, 1955) mn sinular manner for the
average decrease with age m total oaygen consumption, and
carbon diovide production (Shock and Yiengst, 1955), or for
estimates of total mtracellular water (Shoek, Wathin and
Yiengst, 1955), based on data which have been reported for
stmular but less ngidly selected groups of subjects n studies
from our laboratory (Table II) These mndices all decrease by

Table II
THE RFLATION BETWEL N CARDIAC STROKE INDEM. AND AGE FOR 67 * NOBMAL
MFN\  COMPARISON OF 2 GROUPS OI' SURJFCTS SUGGESTS TITAT THT INCREASE
IN $ASCULAR RESISTANCF F\CFIDS THI DECREASE IN INDICLS OF OVERALL
METABOLISY
Average Change

Item frerage at 50 years (Cofyr £ SF}
o

Resistance 180 1114+£018
(mm Hgmin /1)
0, uptake 212 —053+003
(ml fmm )
CO, productton 12 -0 334007
(ml joun)

Cell water’ 16 5 —053+012
{litres)

less than 0 6 4 0 12 per cont per year Considering these
items as general indices of the reduction in metabolieally
actis etissue, the greater average merease iny ascular resistance
mdieites a reduction in the generosity of cellular perfusion
This further suggests that overall, and on the average, the
changes mn metabolie activity and protoplasnne mass may be
consequiences of errculatory attrition, for if these changes
oceurred pari passu, or 1f cellular alterations were to be con
sidered primary to reduchion m errculation, 1t would not be
hikely that the decrense in perfusion would exeeed esidences of
reduction mn cellular activity  These evidences for primary
yascular alteration arc mtended to apply to the total errcula
t10n generally, for m any one circulatory region, eircumstances
may be quite different Irom studies on renal blood flow
(Davies and Shoch, 1950) and resistance (Landowne and
Shoek, 1951), which have been carried out 1n our Inboratory,
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o decreasa per year 1n renal perfusion tuns out to
:;::;igmie than h}:)ﬂi‘ g( the total s erage Y“‘I“Ct“““ m car
dise output, although the kudueys m 2 young aduly recene
Tess thag one fourth of the total flow The increase m yennd
rewstonce with age 15 therefore, more strhang than 15 the
inerease on the averape, of the non renal partion of the
grester crreulahion  Consequently, the chanpes in renu}
Tenstancs contribute M guod measure to the oversy] dispro
portionabty which we have deduced bugneen deereased per-
fusion and dirmnished oxygen uptahe Not only each eireulr
tory sepment but each retabohte may contribute totheoverall
pieture 11 a dulferent fashion  The older individual therefore
not only has & reduced total creulation but, logistically, has
sltered the distribution of blood to various orgams It s
temphing to speculate teleclogieally that he reduces eircula
tion n regions where 1t can be more readily reduced, but this
finds hura less pregared to cope with urgent ar sustained needs
This concept 1s supported by our estimates that despite an
inereased fixed renal resistance there may be no reduction in
renal vasoeonsirietion n the alder subyeet (Landowne and
Shock, 1951)

From the obsers ations on cardiac output and blood pressure,
we have also drawn deductions indicating that there s o
decrease 1n the work of the left ventricle and wn the rate at
shich this work on the average 15 performed, 1¢, 1 the

poner  (Landowne Brandfonbrener and Shock, 1955)
The decrease n cardioe output and work need not be eon
i\derﬂi as endence that the older subjects had « bt 1t

to ait i the
o

aru du puLput 3s related ta part at least,
4
'& rgst As o byproduct of a loss of o re in

of older peogle

POV

« vratung Work Los relative tnorense
1
n heart s, the decrense POWEY, and an merease 1 the
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Brandfonbrener and Shoek, 1955} 1 similar manner for the
average deerense with age i total oxygen consumption, and
earbon dionide production (Shock and YViengst, 1955), or for
estimntes of total mtracellular water {Shock, Watkin and
Yiengst, 1055), based on data wiich have been reported for
sumilar but less ngidly selected groups of subjects in studies
from our Inboratory (Table 1I) These indices all decrease by

Table 11
THE BFLATION BUTWPEN CARDYAC “TRORE INDIM AND AGE ¥ou 67 “nomvas”
MEN. COMPARISOY OF 2 GROLPS OF SUBJECTS SUGOTSTR THAT TRE IMCREASY
IN VASCULAR RES{STANCE DRCTEDS THE DECREASE [~ INDICES OF OVERALL

ACTABOLINM
frerage Change

Hem ferage at 50 years ey y} P
Hesistance 180 T e
{mm Mg ran 1)
0, uptake 21z ~0322005
(mi fmun )
€0, production 12 —0 3% £ 0 07
{m} fram )
“Cell water™ 16 5 -0 38 £012
{bitresy

less than 0 6 4 O 12 per cent per year Conudenng these
stemis as general mdices of the reduchion i metaboheally
active tissue, the greater ay erage merease tnvaseular resistance
mdicates a reduction m the gencrosity of eclular perfusion.
This further suggests that overall, and oun the average, the
changes i metabolie achinity and protoplasmie mass may be
consequences of circulatory attmtion, far af these changes
occurred part passu, or if eellular alterations were to be con-
sidered primary to reduction i cirendation, 1t would not be
Iikely that the decrease m perfusion would exceed evidences of
reduction n cellular actisity. These evidences for primary
vasealar alteration are mntended to apph to the total cirenla-
tion generally, for many onc ewcnlatory region, eiwenmstanees
may be quite different From stuhes on renal bload flon
(Davies and bhoch, 1030) and reustance (Landowne and
Shock, 1951), which have been earned out in our faboratory,



Srupies oF Homay Orcan Systevw Fuserion 91
Nosais A ., Snock, N W, and Wacsax, T H (1932} J, Geront 7,
489
Recuarvs, D W (1958) Bull N Y. Aead Med, 32, 407,
N ety e s wl i L s -

. - ) . b]
. . " W, and
sy 4 0 L, alild SuoLk, Ny llaty J Geront, §, 802
Warsy, D M, Lane € A, Coow, B F, and Suocg, N W {1033y
J Nutrnt 50,381

Wours F A Swrrw, B L, and Seraces, POH (1983)  Proc Mayo
Clin, 8,140

{Distussion of this T w33 postponed untl after th
T e pape: postpo: 1) after the paper by Prof



00 Mrrox LANDOWAE

pressure component of feft 1 entricular work 15 evidence thaf,
despite the lesser requirement for blood, there 1s a reduchon m
the effectis ¢ reserve of the left heart as s muscle pump

The foregoing has been panted with a wide brush to reflect
trends which are demonstrable among groups of ostensibly
well people  Xt1s offered to illustrate some of the experimental
and statistienl methods which we have npphed, and the mter
pretations which endenyour to give us some nsight into the
logisties of the aireulation In presentmy these examples of
studies 1n human eardiovascular physiology, I may have
selected o field where dissociation of the progress of jyears
from a lugh and wereasing degree of pathology 15 currently
most dsfficult  Perhaps I hase dehberateh Jud emphasis on
this because I beheve cogmzance of the lmutations as wellas
the ads antages of the chnical appronch 1s an asset to mgqury
For the restricted aren of organ function study  this report has
been an effort to ilustrate the reasomng which motivates
speaific and quast specific methods of study
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sigour who died sudderly, yet both the pathologsts

::(?tfxl‘mg’::ns have found 1t dificult to nome the cuse of
death Comersely, apparently severs degrees of Qissue or
trgan domage may be found an Touhine pathological examna-
tion without any history of an equu alent degree of dysfune-
tion durmg e Perhaps 1 ean best Wlustrate s by quoting
the paper of Vischer snd Roulet {1052) who reported the
autopsy findings of two centenwnians who had lived actnve,
healthy lnes free from disabiity until the onset of o brief
termmaliliness  The male, aged 102, died with gangrene of the
feft fout, but autopsy revesled severe generalzed athero
sclerosts, thrombosis of the Ieft femoral, popliteal and tibiat
artertes and of the PANYING VNS, 1 hronch
preumoma earemnord tumour of the tleum enlargement of the
prostate gland nodular hyperplasa of the thyrod and
chronc emphyseraa The secand ease, a female aged 102, died
as o result of branchopneumoma, but autopsy also revealed
the presence of severe atherostletows with obstruction of the
coronary arteries, cholebtisasis, nodular goitre, and severe
degenerative changes in the Iiver and n the heart

Sureys of autopsy findings 1 elderly persons by Howell
and Pigpott (1949, 1950, 1931, 1952, 1933} and Cameron
{1955} revealed the multipheity of the pathologieal findings
observed at autopsy i the elderly One disorder was the

tevmanas enuse of death but many other morbd changes had
undoubtedly contnibuted

‘There s penernt agreement amongst cimeans and patho
fogists that widespread and extensne artenal

particularly nther d 1 finding
w the elderly and the pathologenl studies T hawe veferred to
stress the apparent correlation, but Cameron (1935) s
ewbious in s conelusions and states “1 douby very much
whether there are specific structural changes due to o}d age
wd that alone 1 hold the view that ageing 13 merely the
chor sum of & number of mortnd Processes, most of which
tc?‘ “: ;1:3\‘: to develop and often a tang tine to teach o serous

changes,

0N, are a
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COMPARATIVE VALULS OF STUDILS OF THE
WHOLE ORGANISM AND OF WHOLE TISSUE,
CLINICOPATHOLOGICAL TESTS OF AGLING

R I Tuxsrince
Departmes t of Med cvse University of Leels

Crinicrans, with the possible exception of the prediatricians
and the obstetrieians are mevitably concerned with the dis
orders of the aged Often they are so near mn age to thar
patients that they arc unable to mahe an objeetsy ¢ nssessment
of the changes which nmught be assoesnted with wereasing
longes ity The approach of a climcan 15 essentially mdn tdual
1stie both from his own and from the patient s viewpoimt and
has all the hias of sueh an approach  Nevertheless, the
elmeian s called upon to assess the cffects of herechity of
environment and of disease upon the patient s hendth snd
frequently resorts to ageing 25 one of the contnbutoery factors
sinee certamn diseases are more presvalent in the aged and they
tend to pursue a different course from that followed 1
younger subjects  { ertam pathologieal changes o g atheroms
arteriosclerosis and cancer which are more prevalent dunng
the second half « £ Ufo are ofton rcferred to as disorders of old
age, vet there 1 htile to justifs the vast hterature that
purports no more than this

The physiean and for that matter the layman s con
tmualh faced with the problem  Why do people dic?
Particularly 1 thie the case amongst the clderh  Vital
statistics tell us that o cortamn percentage cie from eancer, 8
certean pereentage frum wrtenal disease and o certam pereent
age from mfection cte  IThe relatne poreentages sary with
the age group studied but this mformation does not help
dearding the cause of death of an indissdual We have all no
doubt knows octogenarians apparently full of physical and

02
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problems of the sged and prowiding the politterans and
ad tors with factual nf tion 8 Cross
sechion of the population The sursey undertahen by van
Zonnerveld {1900) 1 Gromngen was even more ‘\ :11u?ble m
that o complete physical e 10n Wwas The
survey st present being undertahen wm Holland under the
4 rection of van Zonneveld 15 stll more comprehensne since
1t oy exs the whole country and includes besides o full medieal
and socia} hustory a complete physieal exarunation and an
assessment of mental function  Such comparative studies of
the whole human orgamism provide valuable information as
to the probable proportions of the population at say 66 70 or
80 4 who are partinlly sighted blind deaf unable to look
after themselves bednddenete  The defects named however
are all readily measurable but it does not follow that all
b hities have been d @ Moreover these studies
are hornizortal studies and must wmentably mclude many
subjects suffering from disease slbeit unrecogmzed What
are needed are longitudinal studies 12 which individuals or 2
group of indimiduals are continuously cbserved over many
years and preferably for their whole hife 1n order that the role
of hereditv environment and disease may be properly as
sessed  Lamted longtudinal studies have been undertaken
m the case of certain speafic diseases which have added
greatly to our hnowledge of the natural hustory of dusease

in the matter of agemg 1t would seem that there are very
mamy nherent difficulties even m a2 longitudimal study
There is not only difficul

of

g constant dard
with chanming personnel but also the constant pressure to
revise methods the effe

ot of changing environment on the
sample 1t bemng impossible to the en il
factors constant and also the effect of wcreasing hnawledge m
extending dingnostic sccuraey  Some value mght be ob
tamed from longitudinal studies such as the continuation of
the studies imbiated by the late Sir James Spence mn New

castle (Spence et ol 1934 and more particularly with regard
to heredity through o study of homologous twins eg
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Numerous reports bave been published during the past
twenty years, attemphing to correlate the values for certain
funetions—renal, eardiovasculnr, respiratory—uith chrane-
logieal age. Prof Verzir and Dr. Landowne have afready
referred to the results obtamed by the use of some such
tests. Cliimans and pathologists have also reported variations
in the valucs for many of the principnl constituonts of the
blood with age, There are many potential fallocics in such
reports, those duc to the method of samphng, to the inter-
pretation of the norm and to errors mhberent m the technique
Many of these pomnts have aiveady been referred to m this
symposium and 1 do not wish to labour them The matter of
the sample 15 most nnportant and so rarely has a truly
representattie sample of the total populatton been studied,
The reeent survey by Hobson and Pemberton (1935) was
based on what the statisticnns would aceept as a fauly
relimble cross-section of the ety population of Sheffield.
These workers attempted o correlation of the haemoglobin
levels, blood urcn, blood cholesterol, serum calenim and serunt
alkaline phosphatase with ehronologeal age  The results for
the sernm athahue phosphatase Mlustrate the mberent difi-
culties m miterpreting results and the difficuity of assessing
the norm The findings were very closels grouped, with the
exception of clesen, scven males and four feruales, m all of
whom the value was abnormnily high Yo eght of these
indivduals, siv males and two females, further ms estigation
revealed thot they were suffering from osteitss deformans
(Paget’s discase) No speeific cause was found for the high
volue 1n the remaintng three patients but st does not peees-
samly follow that the Iatter were not suffering from some
disense 1 a chmeally quioscant phase or front o diabiity for
which they had been able i port to compensate

There s alnays the diffienlty of decidimg what 3> normal,
and this enhieism must be apphed to the majorty of the
clinical surieys of ageng populations  Certmn proneer
surveys, such as the surver of Wolserhnmpton by Sheldon
{1048), were s aluable n focussing attention apon the medieal



C1axscorATRO100ICAT TESTS OF AcEihre 93

problems of the aged and W providmg the polihcians ““d_

d tors with facteal ton ¢ CTOsS
sechian of the population  The survey undertahen "3”“‘“
Zonneveld (1955} 1 Gromngen was even more valuable
that 1 complete physieal exammation was mehuded  The
sutvey at present bemng undertaken i Holland under the
drtection of van Zonneveld 15 shill more comprehensive since
1t covers the whole eountry and includes, besides & full medical
and social hstory, & complete physical examination and sn
assessment of mental function  Such comparative studies of
the whole human orgamsm provide Yaluable miormation as
ta the probable prop of the population 1t say 60, 79, or
80 4 who are partally sighted, Phind, denf, unable to look
after themsely es, bedndden ete  The defects named, however,
are oll readily measurable, but 1t does not follow that sl
by bes fiove been detected  Moreover, these studies
art homzontel studies end wust mevitably melude wony
suhjects suffering from disease, olbert unvecograzed What
are needed are lonptudinal studies i which indiidusls or 8
groug of wdividuals sre contuously observed over many
years ond preferably for ther whole lfe 1n order that the réle
of heredity, enviranment and disease may be praperly as-
sessed  Lomited {ongtudingl studies have been undertalen
in the case of certam speafic diseases, which have added
greatly to our haowledge of the natural hustory of dwense
In the matter of sgang 1t would seem that there are very
Many inberent diiculties even w » Tongptudmal study
Thete 15 not only dufficalty of mantaiming constant stondards

with changing personnel but also the constant pressure to
Tevise methods the effect

of changm,

sample & bewng ympossible to e mt‘!??:r:em e “’“‘
factars canstant and whso the effect of snereasing hnowledge
exttnding diagoostie seewsaey  Some value might be ob

tamed from longtudinal studies such o5 the contimuation of
the studies mshated by the late Sir James Spence 1n Kew

castle (Spence et o, 3854) and mare partsenlarly with repard
to heredity through » study of homolagous twng o
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Organs and tissues sary both in thewr compleity and ther
accessibility  They tend, howeser, to be less compley, than the
whole orgamisnt and in some eases portions may be detached for
detasled study and therefore become much maore switable for
controlled studies ANl would agree with the observations of
Prof Damelli, that even the simplest tissue 1> very vomples
when compared with the cell

The ease of aceess of the shin has made 1t a fax oured organ
forstudy Samples may be readify tahen for detuled examina
tion and environmental conditions, 1 so far as the external
surface 1s concerned can be controlled Many changes hwve
been observed i the shin associnted with chronologieat age
and even poets and authors have felt the changes sufficiently
significant to write about them Al are famhar with the
werease of eapillary naev:an the elderly, the ehanges in eer
tam of the shin appendages such as the harr, and the changes
i the testure of the skin the thinning of the shin, the tend
ency to searring haemorrhage and pigmentation particuluhy
i certmin sites such as the face and the extensor surface of
the forearm It 1s usually suggested that the latter changes
are brought about by cvposure but there s no conymneing
proof for the theory The meidence of the changes increases
with chronologien] age after 60, no matter what the previous
occupation or mode of lic of the individual and they are
equally prevalent both m the female and in the male  Iiste
logieal examunation of the aflected arcas reveals the presence
of an merease of elistie stauning materal  Unna (1806} des
enbed changes tn the statning properties of both collagen and
elastin and elearly recognized that metachromntic staning
was obtuned with a samety of tissues It s surprsiog,
therefore, that later workers persisted in referrmg to the
dermnal changes in semile clastosts as mdicating an exeess of
elstie tissue  Tattersall and Seville {1950) workmng in my
Department, m co operation w1th Astbury and Reed { Tun
bridge ¢t al , 1952), nere able to show that the clashic stan
wg material was sftered collngen  QOther worhers, notably
Gillman and co workers (1054) have smnee confirmed and
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extended bor findings  The fact that the medence of sentle
elastosts mereases with chronclogieal age strongly suggested
that the zeaction of one of the constituents of the dermis
vamed with age  Keech (1955} demonstrated a different
degree of reactiyity of ectlagen, from the shan of the abdominal
wall, to collagenase m different sge groups Burton and co
workers (1055) extended the studies and found that the re-
action of shan collagen to other enzymes and athahne buffer
solutrons also samed with the age of the subject from which
the sample of dermal coliagen was obtained  We clnim that
these findings indicate that defimte champes occur i the
composition and the reactivity of human dermal collagen
with chronologieal age but as yet we cannot exelude the
possibility that these changes are brought about as 1 result of
environmental factors or disease

The marhed degencrative changes that oceur an the aorta
and major arteries of the elderly have lang attracted screntists
to the study of physteal properties of these structures The
Toss of el s all 4o app: i
the Moncheberg type of stlerosis to complete ngidity of the
“essel, the calefication wn the latter disorder being confined
manly to the media  Lansing, Rosenthal and Alex {1950)
estimated the caleium content of the sorta and pulmonary
artery m dufferent age groups, alsays selecting 4 non athera
matous area for analysis They obsersed a strrking inerease in
the ealeiwm content of the aorta with inereasing years but
t'mly 2 shght increase m the pidmonary arterv  Fusthee

2 1 the case of

S % u utLAUE WBS constant,

inctease shightly or mght exen

e
revent Qfferences ‘fl:\na:n on =ed analyses, honever, did
yon
wt
T
elae

suv gauvited 4 new approach to th
study of artenal changes Th A e
ot g & precise nature of clastase 15
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still not known, but the purest preparattons so far prepared
contain at least two enzymes, one of which 1s proteoh tie
Further, Hall (1855) has shown that a metal 1s concerned in
the reaction betvw een elastin and elastase and that the metatie
won 15 caletum  The concentration of the ealerum ton 15 1m

portant and can determine the form of the reaction  Balé and
Banga (1949a) suggested that clastase nas normall, '} presentm
the body but prevented from actmg m the normal indrsidual
due to the presence of an mlubitor  Graham and Sl (1857)
have been able to confirm the presence of an smhbtor m
normal serum and hme suggested that its aetion mmy be
determmed by the state of the tissuc with which it 1s
contact Thus, physieal stress mught provohe changes sn the
aortn and n conscquence the altered tissue might tahe up the
inhibitor substances releasmg elnstase and so exacerbating
still further the degradation  I'lhus process 1s also accompamed
by the Iiberation of fatty material and so othier well recognized
features of arterial degencration could be explaned  Refer
ence has already been made to the work of Lansing and Jus
finding that the ammo aeid composition of elastin from the
porta vanes with age Ve have found that the susceptibihty
of the aorta to the action of elastase v aries with age The aorta

however, s a very campheated structure  Morphologteally at
the level of the hight microscope at least two distmet forms of
elastie tissue can readily be obsers ed and both are mtimately
associated with collagen fibres It 1s n fact extremely diffi

eult to separate the collagen from the elastic matertal  The
majority of the chenneal methods used to free clastie tissue of
collagen arc drastte and undoubtedls bring about some
degradation of the matenal It 1s thus very interesting that
clastase should shaw a greater degree of activits wuth older
specimens of aorta but such changes arc not necessanly @
direet result of agemg processes but could well be Dbrought
about by the effect of disease Usmg elastasc we have Jurther
been able to show that there are chemical differences between
the elastic material as derved from the aorta and from the
ligamentum nuchae  Yvood (1955} examuning the extensile
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properties of rollagen from different sites, has also \te“ “b‘:tt‘:
show that the eoliagen from higamentum nuchae has greate
extensite properties than collagen from other sites

These obsers ations mdicate the difficutties in interpretation
of expenmental findings Furstly, the results obtawmed with
detached issue do not necessanly represent Shat would oceur
1 the body n e Secondly, 2t 15 umpossible to know how
far the changes are the result of disease processes ang how far
they can be taken as evidence of a biologiesl process of agemg

The obvious mtations of human sources of materal,
whether the whole orgamsm or an organ must not blind us to
the nonstany, sumulus afforded by the study of such material
The changing age composition of the population m what 1 so
frequently veferred to as Western society 15 focussing every
ones attention upon the present lumitations of the aged
Ve are off human and therefore the problem 15 personal,
perhaps too personal and not approached n the detached
way that it should be  The chmerin may weorrectly attnbute
changes to a process of ageing but s observations that
apparently similar stresses may produce different effects
different age groups that the shan of the face changes with
chronofogical age but to a greater extent than the shin of the
back that g hized atheroma 15 dered almost a normal
finding i the aottic areh for o person over the age of 60 yer
#s rarely found 1 the pulmonary artery of the same wndividual,
open up hines of thonght which stimulate the investigator
and lead us ta hope that one day we shall be able to decide
whether the so ealled  effects of age  are merely the conse
quence of accumulated trauma to the organ or to the m
drvidual or that there 1 zeally an alteraton of stracture and
of funchinn associated with chronologmenl age

3t s my hunch that we are more Tikely to obtaip a hey,
possibly the hey to the problem  What 15 agemg? , or * Is
there a bulogient process of '

agemg?  from colony st
sueh a5 those of Dr Mulithoek, or {rom the i, oLt‘dS:

Parkes than from human studies Qf coutse what apples to
ed not apply to the human

the mouse or to the hamster ne
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The methods m routine use m clinieal medicine today
would scem unlihely to contribute much to our understanding
of the problem of ageing. Nevertheless, human studies sre
worth while even if they only assst us to understand the pro-
cesses which appear to nccompany chronologieal age and so
enable us to make a contribution to the practieal problems of
an agemg population or what has been aptly referred to as
“adding life to years”,
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PDISCUSSION

Best Prof Tunbudge has already referred ta soroe of the worh of B
Fangs, sud I would ke to mvate you, Prof Bald, to grve us & summary
aofyour findings, pethaps a statement of what y ou think about the present
AN

xszrano;\ of cholestern} one can bring about a special type of alteration
of the arteries eallad “ehalactomnl afhasapnlamn % obam Lot ar

g v ul BrChh UILLOSIS Witk LI B stherpselerosis f
1 do not gyree with thas, but agree with Prof Kallmann who hos dis.
Firgntichod hatecams S e 5 mp £ L3 L 3% N

3 w3
Later on, b methods were d and finally
, ly we catrted
©ut the experuntt in both ways  Deranse the tost with the sectons of
elastie arteries in elastase 1s very accurate, both methods ean be used to
dz{;rm:ne the elastolvtse actinaty of @ solution
& have considered that trypsin {which 15 &
enzymen the g vmoreyoss come i Bl profeciytie
mmb\e -
zed trypst .
the elastie

BT

e ol elas .
and on dor .

dogs were + .

ate yeas, § * *

ot ievile .
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have doubts  Finalls 1 discos ered that this wrs sparocercosis of the dog
which 15 2 very common disease w our eountry  Inmany cases, ¥ found
these parasites whieh produce many interestwg changes, espeenth m
the norta and large arteties of the dog ¥ have sinee proved that w
spirscercasts the parasite atself produces elastoly te enzyme, and it is
interesting to note that whenever the parasite is found m the wall of
the sorta the elnstic fibres sre afl dissalsed nnd some of the dags die from
wupture of the aorta

T he next step was to try to find ont what the importnnes of this findwg
15 10 the liuman besng 1 wanted to hnow whether ebstase is present in
the pancreds of healthy idis cingds and in what quantitses T haehad
the opportumty o mnestigate the panereas from people who dnd »< 8
result of nn necrdent and unng fresh matormtreee . < *
Legal fnstitute, I proved that ! 3
an aeardeont great
I campared thu
especially the lin
deerenses wath ag wet uge of about 50
~-starcely any ¢f < NS

Arterioselerosis oy e corrcdated sith the dis ippearsner of elistase
from the pancrens Lisstase w of deernne sianifio mee not onby i the
decomposttion of elastie filres bist sfu m thewr sy nthoss and s esentiat
e the masntenance of mtnct clastie fibss Lack of cdastase fends to the
lep t and dv of Ure st fhres

At first we found that the chastie fbres of voung and ofd mdnduats
are dissohved o ifferent manner wheroas those n the artces pf ey
bomn cinldren nre not deeohvad even after Alree davs waf we teke
Tustologienal soctions from the rortn of the tewborn or very Voung clukd
and put them m castace solution the ddastn fibros wre vt disobhved anef
after three dave onhy dhght sofution ean e observed On the contruey
1f we takhe sectione of 1he nosta ot st arterics of wy ofd mdndual
then the efwtuc hres are rosdiiv divehvad | e found that
madis sduntc aged over 60 3oy the et fibres arve fiss dvad we teenty
mmuates and this proves ¢ st ther are Hfcronc s s the struactun af the
elastie fbres 1 young sad i old sl ede dy

Althaugh we continued to wark alotyg these ity no oucm anr onle
of research beheved tha fisding and her fore ot oy of (o0 ot hedp tnus
when Prof Yunbrudge s «hood 0§ seda took ngs the problom nod it ses
& great plersure for us whin Prof bund rudge sod hss callaborators
espeertly Hall and Reed wereable toer ehastost worhy gn ths

wny  Sibee then P ® wl hand ¢oured st
pprir—t By e camnbaned thy

oty s nof dvenivod dhastic
woveny portam contol ttions to the Dits an

.
& woate of ehistic fbres

n the Umted States §anang, and co workees have trhe up ths
study of the structure af e on and ool stads wav Degan by
) LS by | mdlsy DPogder aned Brand!
% " . s the quistion way sshed  Are the
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are built up of coliagen fibres and cementng substance, and these
‘workers found that the fbres which are oblamed after dusolution of the
elastic Sbres have cmss.s!rmwn hke those of the cc“agen ﬁhr:s
Herpntly ot wae danidad that tha aut va n hotamon ecaase



NUTRITION, LIVER DISEASE AND SOME
ASPLCTS OI' AGEING IN AURICANS*

T Grorvaw
Faculty of Medictne Umtersity of Matal, Durban

Avtnouent what T have to say has not been previously pre
pared as a formal paper, I should nev ertheless hke to mdiente
the hind of problems which we mecet 1n the Union of South
Afrien, and wihieh may have nmplications for the study of
agemg—cespeaally in baekward countries T would also like
to outhne some of the methods and hy potheses which we are
applying 1 our attempts to understand this material Before
Tenvsng South Africa to come abroad, I prepared a series of
coloured lantern shdes to lustrate our matenal, and ¥ am
gratelul to our chairman for this opportunity of presenting
them to you

Part of the work—and especially that bemg done m col
laboration with Drs M Xathorn and N Lamont—s on the
rble of mainutrition i the production of the hiver and cardie
discases so commonly encountered m the Afriean i Durban
Tius work s being mtegrated with our experimental studtes
on ‘arious aspeets of the repair of mjury m relation to
carctnogenests and agemg Ve think that the repur of the
continuously mflicted mjuries, consequent on chrome malnus
trition, may be important i eausing the pecul 1 o
varous forms of hepatie and vaseular disease, primary hver
cancers and premature agemg i the African i the Union
My brother and I have previously prosented many nspeets of
this problem m some detail {(Guliman and Gillman, 1951)

I fecl, at the outset, that it 1 wmportant to mahe whnt

. $4 awie ten wefon followlng the
. . . Hyaper they are

vl
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mught sound & Tather categoncal statement, but one which T
flunk 15 nevertheless near the truth—namely that the entire
biology of bachward peoples m Africa, the Middle and Far
Fast, and elsewhere n this porld, differs profoundly {rom that
of YWestern civihized people, not primanly because of genetic
Adferences {which cannot easily be assessed), byt rather by
vurtue of a host of environmental factors

Tt became clear, some years ago, to my hrother and me that
man) of the diseases i Afnicons, and the different disease
inadence m these people compared with that n South Afncan
Furopeans, could better be understood if the reactions
encountered are viewed 95 deviations 1 the “hfe trach”, or
better, “hfe pattern® of the Afnican, resulting from chrome
malnutntion ongnating tn mfancy if not at the time of con-
ception The concept of acute nutritionst defimenties us the
cause of many human diseases, mcluding pellagra, could not
adequately explain esther the acute mutntional farlures them
selves or many of the other lesions wiuch we see 1n parueular,
the concept of acute nutriional deficsency does not provide a
basis for explaming what we have previously desenbed as
“p ture agesng™, <o among the Af}

At that time, I was worlang with my brother, Yrof Joseph
Gilloan, m Johanmesburg  Since then I hanve moved down to
Durban  In view of the fact that the population of Johannes-
burg partievlarly the Afncan populatian, is ratber vaned——
?:;i:(}:gg[}; \f!::\::(l:‘id‘m ity with a big mflux of mgrant

e Tines)—it beeame of mberest to

stutdh also the situation wm Durban, Nata), n which the
popula;:o: 1s somewhat more umform coxqposttion, and
somev hat more stable  YWhat I have t

entirely to the Afnean negro 5 nov s confined

The estimated hfe expectancy of the
vial statisties ayubeble (n i\n- counlt&rf;c?;‘(?fe;eﬂfs ““;
:;tr‘m‘\c\; low—somewhore between 40 and 45 years Assoq-
ot d(\cn\‘\xxs‘o}t"s lon hfe exvpectancy we have found many
e Premature agemng and s whole semes of renctions
cr from those usually seen amoung Enropeans m



NUTRITION, LIVER DISEASE AND SOME
ASPLCTS OF AGLING IN AFRICANS*

T Guuavy
Facult s of Mediane University of “atal Durban

Avriouen what I have to say has not been presiously pre
pared as a formal paper 1 should nevertheless ke to indicate
the lind of problems whieh we meet 1 the Umon of South
Afriea, and whieh may have mplieations for the study of
agemg--cspecinlly 1n bachward countrice I would also hike
to outlme some of the methods and hs potheses which we are
applying w our attempts to understand thns matenal  Before
fearing South Africa to come abroad 1 prepared a senes of
coloured lantern shdes to sdlustrate our material and I am
grateful to our chairman for this opportumis of presenting
them to you

Part of the work-—and cspeenlly that bemg done m col
laboration with Drs M Hathorn and N ¥ amont s on the
rble of malnutntion 1n the production of the lincr and eardine
diseases so commanly encountcrad i the Afntean tn Durban
Tlus work 15 being integrated sith our experimental studses
on sanous aspects of the repur of wyury i relatton to
carcinogenesis angd agemng  We thih that the repar of the
continuonsiy mfheted mjurnies consequont on chrome malon
trition may be important i causing the peeultar inerdence of
vartous forms of hepatic and vascular dive ise primary Iner
cancers and premature ageing m the African i the Umon
M brother and I have prevously prosented mans aspeets of
thus problem in some detatd (Gallman and llman 1951)

1 feel at the outset that it s mportant to make what

* Since th escdata wlich were y resented g 4 e stisousabon followi g the
18 by Dt Lan lowne and § ool Tunbridge constitute a fall paper 110y are

m:g publisl ed here in that fonn 1§ oy
w0
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bropstes {by
Wy mitsated study* we did 82 hver puncture
:ec:r‘;nz abdominal method previously deseribed (Gillman,

stologieal Findings Ao of Cases %%

Cirthosss muhout sidesosts 8 &
Cisrthous with sderosts 3 40
Sideross wuthout cirthosis 32 89
Pomary caremoma. 3 *+
Secondary caranoma 1 i
ot changes { pormai®) s 10
Totar 82 100

RELATION 0F SiDEROYIS T0 Cirraots
e

Hith Cirthosis Witk Suderans da o9,
T IUIU S SO

Withaut sideross With airthoss a3 8
A S AN S

With suderony Without cirthasis 82 1 a8

——

R na s AN SUUS

Torax, 3 Torss Ga {100

S e TN
[3TI Microscapie findings 1n 82 needte Bropuies of the Yiser

Gillman and Bryden, 184533 on
3 Patients who resented i ]
ward with chmeatly epatic enl ; g Th?se
3
m‘m "ol hke tere o recard ou

our thasks t Des N R ¥
. Drumenond far g landiy ml\n\g uwnhble the\:'cluuc:l
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South Africn and elsewhere For example, the meidence of
carcinoma 1s considerably Jower n the African, but, when
earemnoma does oceur, as Dr Charles Berman has shown so
clearly (1951), about 90 per cent of cancers 1n African males
are cancers ansing primanly from hepatic epithehum  But
this 15 probably already well hnown to many of vou 1 thk
that Dr Muhlbock’s remarks may have some sigmificance
for the understanding of tlis peculiar earcinoma ncidence
Dr Muhlbock observed that many of s mice that have
apparently a lethal gene, and die carly, do not get earcinoma
Thus low, but peculiar, careinoma merdenee i the Afmean male
mey be duc to several thungs One may be the fact that the
Afniean just does not seem to live long cnough to deelop the
other types of caneers so common among Curopeans  After
all, certain brological reacttons, once ntiated, scem to require
fairly fixed times for their completion e g the action of msulin
or of oestrogen in certawm speetfied phy siologieal errcumstances
as well as the tume required for the production of certain types
of earemnomas, such as the lung caneers which we hase found
to follow the application of methylcholanthrene to the shin
{Gillman, Ilathorn and Penn 1956) Perhaps this nologieal
peculiarity mav, tn part, explain the low inerdence of non
hepatie cancers tn Afrieans

However, there may perhaps be other reasons for this
peculiar cancer wncidence in the Afriean and we have tned to
find something w the African which would account for this
peeuliar cancer meidence  In so doing we came across o
number of other unusual reactions which we fiel have a
common basrs  Among them s the fact that the Afnean
Inver 1s severely inpured, wath great frequencey and on repeated
oceastons, virtunlly from birth  The nature of the hepatie
reactions 1 Afrieans, as miv brother and I have alreads
deseribed (Gillman and Giltman, 1918, 1951) varies at differ
ent ages

Althaugh I was accustomed to scemg a considerable amount
of lncr disease 1n Johannesburg I have been shoched by the
upparcntl) even higher incidence mn Durban Afneans In a
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apstes {by
secently ipstiated study* we did 82 hiver punetute buop:
3 zmg abdormns} method previously desenbed (Gillman,

Fhstologacat Find ngy Ao of Cases %
Cirthosn wmthont siderosis 5 (3
Qurrhosa mith siderosit 33 40
Soderons withtut e S kS 39
T— S ) { .
Sehopdary carinoma S 1 T 1
Muwor ehanges { normal ) } a T 10

Tarar ‘ &2 ‘ 100

RELATION 0F SipEROS ¥0 Crranosts

Witk Crrrhanis Sh-a 5 % 3 X Wk Sedevons No 2,

Fio 1 M croscapie Gindings 1n 82 needle biopsies of the frget
o -

n the

Ths,

" LR e Yere to record our thanks
Dasidson o anks 10 Drs N R Pooler ¥ T
Paken 4 bk Drummond tat so andly making svaitable thar chnical
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then, was o selected population of people that we nopsied in
one ward in the hospital over a period of only two months
In these biopsics, the madence of cirrhosts, defined on the
most stringent listologieal entern, was 46 per cent Severe
siderosis oceurred in 88 per cent of these cirrhotics, only 12
per cent bemng non siderotic ewtrhosis (Ig 1) We did not
dingnose cirrhosis on the basis of the deposition of moderate
smount of fibrous tissue m the portal tracts 1e portal
fibrosis, but only when gross architectural distortion of the
liver was detected i association with such fibrous tissue
aceumuintion such s I will show m a moment These sidero
tic Iners had on contents wlich were found 1 previous
studies (Gillman Mandelstam and Giiman 1845), to range
from © 2 to as lugh as 5 0 per cent of the dry weight of the
bver Prnmary caremoma of the Iner oceurred in 4 0 per cent,
1¢ n three cases  Secondary tumours are ravely seen n the
African Iner and we found only one such cose  We classified
as relatinely normnal only 10 per eent of the biers seen in
these easts This 1s more or less the mverse of what one finds
m Luropeans m whom the wendence of eirrhoss vanng m
different populations ranges from 1 5 to + 2 per cent

Apart from reporting this bigh ineidence of severe hver
disease I would hike to indiente the kind of reactions which ne
found associated wathit Ve have now got to the stage where
having correlated chinscal and hustopathologieal examinations
and laboratory mvestigations in one series of eases we can
now diagnose this hepatic siderosis with reasonsble preaision
solely on chmeaf entersa

Fig 2 typifies the hind of prteent with whom we hase
constantly to deal The distended abdomen due to ascites 15
frequently associated with palpable hepatic enlnrgement
Gy naceomasttr varying from mpple enfargement (Lig 3) to
framh eruagrmeh of e enbre reaa o v e s vk
15 often associsted with axilary and also with pulee alopeaia
(g 5) In Iig 4 the enlargement of the breasts 1s more
obs sours, both the arcola and mpple bemg entarged, wlile the
underly ing breast tissue was alvo palpably iy perplastic [he
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Jabal stomatitis, & stigma of persstent low grade malauts-
tiom, 50 frequent 10 these cases, s also apparent in Fig 4
Ancther chmeol feature whuch we encountered, and which,
I have felt for many years, has been musdiagnosed 1 the
Afrtcan, 15 the so called “arcus seiiis™. Fig 0 shows what n
the African T would coll (snd consider comparable w\fh sumular
f -

to be & “true™ arcus senihs, but the hrowmsh colour here 13
probably o deposition of ron pigraent 1n the imbie portion
of the cornea and assoctated with a marked pigmentation of
the exposed comjunctiva  The entire picture m the African
seems indistingwishable, chmeally and istopathologieally,
from what 1s g My segarded among European people as
haemochromatosts  We refer to this condition 1n the African
as “nutntional siderosis”

The hepatic siderosis presents 1tself in several forms repre-
senting, we think, different stages wn the progress of this
disease Most of the shdes that follow are coloured photo
micrographs of sections from hiver biopsy material stamned to
demonstrate sron  Thus, Fig 8 represents the appearance of
the mild form of hepatic siderosss  The 1ron, at thus stage of
the disease, 15 encountered mainly i the hiver cells them
selves, uswally confined to the biliary poles of the cells (Fig 9),
with small amounts only 1 oceasional phagoeytes, ether
he sinusawds or in the portal tracts This probably represents
8 very early stage 1o this disease, and as stated elsewhere

{Giliman and Gillman, 1951), we beheve the iron to amse
imtrtly as a result of Qistur: m the metabol

of
intraceliular wen contammng enzymes  Hence the name
‘eytosiderosis™

) In what probably represents s shightly more advanced

es[\ltm the won 15 now sggregated m clumps within the Liver

cells and scems also to be accumulabng ramdly  etvke
— et

\
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as in the portal tracts (g 10) Duning an eyen later stage i
this disease, when the accumulation of won 1 Iver eclls may
dinumsh temporardy, the amount of sdern withn the Iner
cells themsels es may be relatively small while quite consider
able amounts may be found m the Kupfler cells and in the
portal phagoeytes Now, ths hind of picture seems to have Jed
people to believe that we are dealing with some form of
prumary reticuloendothehial sideross, whereas my brother and
I have mamntamed (and all the studies winch we have eon
ducted more recently m Durban confirm the origmal conten
tion) that this scems to be prunanly an intracellular leston and
only secondanly a reticuloendothelial one Ve stilt mantam
this view despite the opuuons of some South African vworhers
{Xsgginson, Gerntsen and Walker, 1053) It 1s apparent from
Fig. 10 that 1ron accumulntes m massive clumps n the portal
tracts, and even the collagen 1n the associated fibrous tissue
ma} tahe up ron

A senal seetion of this same liver, but stamed for connectiye
tissue, revented the cansiderable t of tine tissue
present although it may be partially obscured by the large
amounts of portal won shown m the previous shide  In such
scetions iron contawmug pigmicnt appears as coarse brown
granules  However, it 1s nuslending to attempt to assess the

PLATI 1

Fio 2 Chometersstie chaieal Jacture of o hvanced antetional aiderosts with
cwrhasis in an Africun  Note Lrss osates 3y of hmr of ouler third of eyc
froms shm changes nel emoniation

Fic & One form of gy muecomastia | raducing, clong ted  top hst® type of
spy ke enlargoonant

¥16 $ Grosser depree of mynaccomnntin witl a1 1k and arcol e enlarpesent,
a2 well as hypery lasiy of breast tisue  Note 33811 and angular stomatitls

Fso 5 Axlhny clopeciy frequenth <barved in advanced nutntional
smideroas with currhosie

tsa0 & Clisncat Furapean type arcky semlis in an African with opaque,
peorly white lonlie nng and minm al ocnguncusat prgmemntion

~  Qollen Lrown transparent Junly  nng (enedeal! part of hanbus}

Fws conjunctival figmentation and Iitct Lkt spog mcdmrm cornea  The

!xmblc nng mmb{n the chassiend Juewer Flewchee ring of hep atolenticutar
degeneration
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PLATE II

T10. 8. Severe cyto siderosis with ron pigment confined aliost entirely to
hepatic epithelinin - Mimmal Kupfter cell siderosis {ty pe 2 suderosi) - X 164

I'te. 0. Higher power view of ty pe 2 sideross—outhning of lle eapatl aries by
mtra hiepatoecinlie iron pigment. < 830,

Ti6 10 Modemtely severe 1y pe 3 sideross with lesser amonnts fron pgment
n I er eclls but considerable amounts in Kupffer cells and phagoey tes in the
thickened portal tracts  x 82

TG, 11, Appearances of liver iopsy from patient with gross nutsitional
sideross and ewrrhosis Marked stdeross of hiver eclls, Kupffer celly nnd
phagoecyies in dense bands of fibrous tsue % 82
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amount of iron 1n & speeimen from a siderotic s er, if sections
have not been properly stamed, specifieatly for yron

Severe ssmultaneous siderosts of both hepatic epithelium and
reticnloendothehial cells, associated with enrhosis 1s exemph
fed in Fig 11 1t seems that, at this stage of the disease,
three processes occur simultancously, or at least m rapid
succession—namely, {1) the progressive acewmulabion of wron
1 the hiver cells associated with (2) the contimuons movements
of large quantitics of iron, from the diet and possibly from
dymg Iner cells into the Kupfler cells and the portal tracts,
the Istter apparently reacting with massuv e fibrosts eulminat-
ing wn (8) gross archatectural distortion, or arrhasis  The
istologieal prcture established 1n biopsy st n this
case was subsequently confirmed at postmortem {(Fig 12)
Interestinglv enough on admission to hospital the patient in
this instance, as in many others was not imtially diagnosed as
suffenng from hepatie disease, but was considered to be wn
cangestty e cardiae faslure with an associated ascites

e have, for some time, suspected that congestive cardiae
fatture, very common m the relatively young African, and
often of unknown aeticlogy mav be d e #n n hee a3 o
ment in the metabohism of
enzymes similar to that .
metnbolic lesion mny perhaps underlic the cardiac failure, dis
turbed  clectroenrdiograms and the accumulation of iron
within the mvocardial cells themsels es~ possihity which

PLATL 111

Bio bo Law poner view of section from same fr
" By rshaen o e i 1t e ot
wposed confrming Wer biopsy diagmosts . ¥ 85 i
Low powsr siew of cardine
Awwn n Bage W oand 12 Note p::;;hn?l“

™ same case whose Liver 18
abrsence of iron from

a2 myoca

) Iotchy ntea oy ocardal sderoms wh
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M e T S a1 B 13 g e
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ate hat reversible by any of the therapeutic measures };:;.he;to
tried by us over many months and even years Thus mdicates
the persistence of profound metabolic disturbances after re
sofution of the acute breahdown—whatever form the latter
may tahe

guc of the hypotheses underlying our work 1n Durban 15
that the frequency of prumery Tiver eancer sn the Aftican may
perhaps be due, in large measure, to the virtuelly contiuous
sepair of the chrome hepatic lesions whieh are almost mvan
sbly present 1 these people Hence our basie nterest m
wound healing and ats relations to neoplasia, expenmentally
and 1n man

In the bight of our findings bath in Johannesburg and 1n
Durban, 1t seems Justifiable 10 question the opinions today
being expressed about the meidence and actiology of various
disenses, especsally in Afnea On the basis of ethnological
compansons of the ineidence of varous types of diseases and
thew assocsated biochemueal changes, conclusions are often
drawn about aetiology or pathogenesis  In partieular, I find it
ifficult to aceept the interpretations guven to the correlation
between glterationsmn blood ipidsand the weidence of caranary
disease 1n Afeans  Coloureds and Europeans rm the Union—
espensally when attention 1s not simultaneously pard to the
assoctated undeslying patholomeal processes common among
these peoples Ve have shawn that the madence of hepatic
eirthosis in Europeans i South Africa s 1 the neighbourbood
13-4 per ceny of autopsy cases, m ths racial group coronary
disease 1 quite frequent, snd may or may not be correlated
with & tegh wntahe of §58 o7 assoznted alterations i the blood
Upids Tn another racisl group—the Afrieans—ihe mnodence
of coronary disease scems ta be law and this has been atin

buted te the low fat imtake and an assoctsted ks blood tpud
However hepatie eurhosss,

as I have shown 1s ext
common iu the Aftican o attempt 1 such cucumgz:\c‘ig
fo tmrtate direetly, ether the wtahe of fat or the hlood
Lol fevel with the incsdence of coronary disease m these two
ces moy be wasleading of attention 15 not stmaltancously
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we are presently mvestigating  Exsmunation of cardue
muscle m this, and i several other cases, thus far mvarlable
revenled an evtensuie, albat patehy  deposition of won
igment witlun the myocardial cells (Dig> 18 and 14} as well
as yn the Iner It 1s hnown from Sheldon s work (1880) that
carde fatlure may superiene w relativels soung Furopean
haemochromatotics However ot thns stage we still prefer to
¢l this condition m the Afrsean nutritional sideross with or
without cirrhosis

There 1s quite strong evidence to support our view that the
siderosis of the Iivcr and other organs 15 due imtialhy to the
hberation of won within parenchymal eclls from thew won
contammng enzymes Thus at the ontset iron 13 encountered
essentially withm the hepatie cpithelum rather than as
occurs i haemol tic states mmnly m the retieuloendothehat
cells  In the later stages of the disease wron agun oecurs
primandy within parenchy mal celis such as the heart (Figs 13
and 14) the thyrond cpithchum (kig 15) cte m which
organs very hitle ron 1s observed m the connective tissues
esen when the parenchymal colls are marhedly sulerohic
Whatever the underly ing cause and pathogenesis of this type
of siderosss in the ultimnte analisis the excesstie wron w all
the tissues must be ders edd from the diet It 1s our behef that
the fadure of the normally present alimentary blochade to
won absorption 15 secondary to some nutntionnlly based
derangement i the iron contammg enzymes withm the
parenchy mal eclls 1 many organs and tissues  The retienlo-
endothehal siderosis we consider to occur late i the disense
and to follow the hberation of sron consequent on the death
nnd disintegration of won laden parenchymal cells

Assoainted with these hepatic lesions we have consistenth
encouniered profound changes w the plasim protems The
total proteins mmy be more or less normal but one of the
strilang and consistent findings 1 these patients s a profoun t
drop n the plusma albunun associnted with a marked erease
i the plasma globulin with a consequent complete reversal of
the afbumin globulim rattos These changes e the sudeross



THE USE OF INBRED STRAINS OF ANIMALS
IN EXPERIMENTAL GERONTOLOGY

O Mbnieock
The \etherlands Cancer Institute Amsterdam Holland

Introduction

I¥ gesontology, as i other fields, animal esperiments offer
the advantage that certain factors ean be kept constant,
whereas other factors can be altered as required  Another
adsantage hies wn the fact that amsmal expenments can be
Tepeated a5 often as necessary until unmistzkable results
hase been obtamed 'The dufficulty hies n the interpretation
of results obtamed 1 anunals and 1 the correlation with
Symptoms observed in buman subjects It can be presumed
that animals do not duffer from man 10, the basic prineiples of
the process of agewng, so that valid conclusions can be reached
The chowee of the expenimental animal 1s dependent on the
problem to be iny estigated  For purely practical and econo

mie rlelsamns‘ however, small rodents such as mice and rats are
usually «~

As
$thas be
Bon of U« wima s of Paramount importance 1n the study of
senle changes  As 1n all other tiologieal tavestigations,
e mdividual sarations 1 the response
A uences must be taken into account In
™ of these two facts the avalabiity of mnbred strains 1s of
Erest importance

Development and Maintenance of Inbred Strains

Int
ma\":ml steums sre usually obtained by brother to sister

G until alt indiiduals are penetically identieal and
ns
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devoted to the underh mg severe I er discase and s assomated
metabohe repercussions  And I thik the same entiosm
probably apphes to stmilar studies emannting from bachward
countries, in which only a hmited number of parameters have
been mensured.

I hope by giv ing vou some idea of the hind of matenal with
which we deal in South Afriea that T have provided an outhne
of some aspects of the problems of agemg as e sce them m
relatively bachward populations It seems that the hevd of
probiems we encounter differ in many respeets from those that
vou desenibe among rebatively well fed European populations
On the other hand, smee this 1s a conference pn the method-
ology of ageing, T also hoped ta wdieate the need for definmng,
with greater precision, the hnd of mscstigations winch are
required f, as I thirk they should be the problems of agang
are to be dealt with m terms of the total bfe patterns of
peoples diffening profoundhy m ther nutrtional states from
birth to death, and whose phssieal ens wonments also differ w0
markedly as a result of chmatie and socto ccononne factors,
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THE USE OF INBRED STRAINS OF ANIMALS
IN EXPERIMENTAL GERONTOLOGY

0 MyaLpock
The Metherlands Cancer Inshiute, Amsterdam, Holland

Iatroduction

In gerantology, as in other fields, animal experiments offer
the sdvantage that eertan factors can be hept constant,
whereas other factors can be nltered as required  Another
adsantage hes n the fact that amumal expeniments can be
repeated as often as necessaery untd unmustahable results
have been obtained The difficulty lies m the interpretation
of results obtaned i amimals and 1n the correlation with
s\mptoms observed m human subjects 1t can be presumed
that ammals do not dufer from man in the basic principles of
he process of ageing, so that ald conclustons can be reached.
The choree of the exy 1 anumal 15 dependent on the
problem to be investigated  For purely practical and econo-
e teasons, howeser, small rodents such as meee and rats are
usually esployed for gerontological mvestigations

As 1 other fields of serentsfic experimental nsestigation,
1 has been apparent from the outset that the genetie constitu-
Uion of the animal 15 of paramount importance W the study of
senide changes As wm all other hualogreal tavestigations,
Morcover, derable individual v
to environmental mfluences mast be taken wmto account Tn

wew of these twa Tacts the svailabibty of inbred strains 1< of
great smportance

10 the response

Devel

and Mai of Inbred Strains

Inbred strawns are usually obtained by brather-to sister
Watngs untdl all mdniduals are genetically 1dentical and
us



116 O Miinisoch

their genctte constitution can change only by mutation
(Russell, 1041)  In nuee, 1t requires at least 20 generations of
mbreedmg before we ean speak of au wbred steam I a
strun is to be mantained with maximum homoz gosss, there
should be no relazation of nbreeding It should be recogmzed
that the strun may break up into many separate lnes unless
the chowee of the breeding pairs s made with reference to a
pedigree chart It 1s essential that only onc central trunk of
the inbreeding tree be mamtained  Because of mutations,
brother to sister matings alone, 1e without hmutation to the
central trunk, ean produce s nudtitude of sub lines alt of
which may differ (Heston, 1915)

The eriteria used w proving that all individuals of » pure
strain arc genetically 1denttenl should first be eonsidered It
need not be sud that the general aspeet and the morphalegy
of the organs should be identical  Another requirement to be
met 1s that neoplasms developing in an ammnl of a certam
stram should be transplantable to another indidunt of that
stram  The same holds true for tissues and organs which,
following transplantation to another individual, contnue to
grow and to function as they did m the ongmal ammal

The ovaries are hnoun to be transplantable even i sneom
pletely homorygous strams  the shin, however, reqres
considerably more marhed genetic sumlartty, ss mdieated
by the experiments of illmgham and Parhes (1055) The
most evact criterion used in our lnboratory, however, has been
found to be a procedure known as paralnosis, 1 ¢ the unon of
two ammals by side to wide sutuning not only of the shan but
also of the ti; and abd, 1 les and, for fixation,
of the shoulders and the ihine bones  Communication of the
two cireulations 15 cstablished mithin a few dass A sats
factory parabtosts with normal hfespan of both partners,
however, 1s established only in completeh genetieally identieal
animals

Besides the accurate admunustration of the mbred stramns,
the care and ymene of the anumals require maxmnni atten
tion It s desirable that the ensironmentat factory be hept ns
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constant as possible The systems used to ensure this are
dependent on the asailable resources, geographucal stuation,
e Prevention of infections 1s essential in prolonged expert
ments such as are required for gerontological investigations

At the Amsterdam Concer Institute the ammals are hept
m cages made completely or partly of glass, which enables
durect obseryation to be made at all times

Special sttention has been given n recent years to the
number of anumals hept together 1 one cage The starting
pomnt of a series of iy estigatrons was the observation that in
tages contaiming a larger number of animals the meidence of
mammary carcinoma was elearly lower than that i the cages
containing a smaller number (Muhlboch, 1950, 1951) Investt
gations subsequently made confirmed this observation  The

ge o Y was lighest among the

ammals Lept separately in one amumal cages Since the other
tonditions were exactly 1dentical, 1t 15 as yet unpossible to
provide a satisf pl of this ph

That psyehic factors can be mvolsed 1s demonsteated by the
westigations made at our Institute by van der Lee and Boot
{1955)  Regular check ups on the cestrus eyele of female
mice y revealed prol 1on of the cdhoestrus perod
Detasled analysis of this phenomenon showed that these
doestrus penods indieate a state of spontaneous pseudo
Pregnancies A strilang feature was found in the fact that the
phenomenen was only observed regularly 1f the cages con
tamed more than one female

It was demonstrated that these pseudopregnancies were
0ot the result of attempty at copulation among the females
By resection of the olfactory bulbs 1t was shown that the
‘f’“::t of the pseudopregnancies should be sought 1 the ol
;‘ ‘0.‘15?!\‘% These pseudopregnancies therefare nra o
Th -

ata

Ry

- Myuentty epcountered  In some
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their genetic constitution can ehonge onk by mutation
{Russell, 1941). In muce, it requires at least 20 generations of
mbreeding before we ean speak of an mbred strmn I a
straun 1s to be mamtamed with masunum homoz gosts, there
should be no relanation of mbreedimng It should be recogmzed
that the strmn may break up into many separate Iimes unless
the choee of the breeding pawrs 15 made with reference to a
pedigree chart. It 1s essentinl that only one central 2runk, of
the mbreeding tree be mamtamed Beeause of mutations,
brother to sister matings alone 1¢ without lmitation to the
central truok, enn produce n multitude of sub hines all of
which may differ {(Teston, 1945)

The enterta used 1 proving that afl mdnduals of p pure
strun are genchieally identical should first be considered It
need not be sad that the general aspect and the morphology
of the organs should be identical Another requirement to be
met 15 that neoplasms developing in an asimal of & cortam
straun should be transplantable to snother mdss idual of that
stearn  The same holds true for tissues and organs whieh,
following transplantation to another mdividual continue to
grow and to funchion as they did i the onginal anunal

The ovanes are known to be transplantablie even w incom
pletely homozigous strans the <hin however, requires a
consuderabhy more marhed genetse sinulants s sdieated
by the experunents of Billmgham and Parkes (1955) The
most exact eritenion used my our Inboratory, however has been
found to be a procedure known as parabiosn t ¢ the umon of
two ammalk Iy ade to sde suturimg, not obly of the shan bat
also of the thoracre and abdommal museles and for fixation
of the shoulders and the thae bones  Compmnpeatson of the
two arculations s established withan a fow dmvs A satis
factory parabiosis with normat fcspan of bath partners
howpyer, is established onh 1 completely menetieally sde ntieal
anmmals

Pesides the securnte admumstration «f the anbred strams,
the eare and vgiene of the anmunly require maxunal atten
tion It s desrable that the ena sronmental factors be hept as
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starting pomnt for comp -y cancer subsequently
cocurred 1n 74 per cent of the remuning 66 smmals Only 12
usters f1¢ 18 per cent) also developed a neoplasm within a
month The other ammals showed a neoplasm withm o
period which 1n extreme cases amounted to over a year

The Lifespan

The following example sbows the survival curves of two
strams of our mouse colony and their bybnds Fig 1 demon-
strates the ifference in hfespan of the two strans and the

;) 5 2 25 30
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2} per montn N
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S % 1y 20 25 30
s,

00 =~ =~ K (Qxx08Ay)

¥ 3 Surival curses and endoerine ovanan funetson an ageing snbred
e

;:xcl:ra;cd Wespwn of the hybrds The heterosts of the F,

ui unl 315 also apparent n the physiologieal activity of thew

rmx; r:nM c\pmlscd wm the number of normal oestrus cycles

lDaG)(E%gm]o)“m} m old age (Thung Boot and Mubibock
The =
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strains the males begin to neglect themselyes with increasng
age. As o result they are often mfested with hee, which
results in marhed anaemia, The usual dismfectants have
failed, s our eaperience. At our laboratory an eveellent
means of cantrolling mfestation wath kee was found by keep
ang old males with young females 1 one eage. The young
females take good care of the old males, as a result of winch
the Iatter survive much longer,

As has been diseussed by Comfort (1956), the chowee of
material in experimental gerontology depends on the nature of
the problem with which one 1s dealing  Investigations mto the
genetic aspeets of the ageing process can only be made with
mbred stramns  Tor many purposes the Fy hybrids between
two mbred strams may be most swtable These Fy hy brds
have a umform genetic constitution  Thewr chief ndvantage s
the hybnd vigour They are therefore adnurably swted for
most eaperiments wm which healthv vigorous ammals are
requred  Moreoyer, Grineberg (1954) has recently drawn our
attention to the fact that i the ease of some multifactorial
charaeters, at least, the homozygous state tends to be Jess
stable developmentally than the heterozygousone  That may
be another explanation for the fact that, for a number of
purpases, mter-strmn Iy hybnds are to be prefored  The
disadvantage of Ty hybrids 1s that they will not breed tre
The I'y hybrids haxe a great genetic vanation with the genes
provided by the parentad striuns

The point 1s stressed that m spite of an dentiond genelie
constitution and m spite of controlled environmental condi-
twons the yanation between mdisidunls may s be consider-
able. That powt 1s illustrated m the following evpersment
(Muhlbock, 1030}

Sisters from the same itter m the gencticafly pure dilute
brown strmn were invanably hept together o cage The
condittons of life were consequenth completedy sdentienl
The time of occurrence of the first mammary carcinoma in &
Litter was noted  The experunent covered 83 ammals from 22
duffercnt litters, The sister wath the fint tumour was mnden
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Oze task of expenimental gerontology 15 to analyse more
closely the canses of death m these ammals Our attention
was first drasn to a form of amyloidosis which was vest:
gsted by Thung and co workers (Thung 1955, 1956, Thung
and van Ryssel, 1931)

Generalized 1nfiltration of tissues with an amyloid hke
substance 1s o frequent oecurrence m old muce I locahzed in
the ladney s this condition may lead to fatal renal disease, as

Table [
Catses o Duarw 3 Vancre Frstares o DIrFERENT INnaED STRAINS OF
leE axp mE Hyerips
—
Fec BL F {0, x
Deufe vl on | [ TG ] Ti0ux
—— b
Aversge Uterpan 598 | 621 | o83 | es5 711 86
——
mu?mmomn 01 0% 1 ao, !l go | oe, 3%
Long papin 20 el S| Bl 7% e
1o rpitoma o 0% 100} 160} 20p +%
Lorrs of the sun Tl el oot 1o d acy ol
Hepatoma ™ © doo | feof Ui 0% 0% oo
Ovaun turnoury o) 0051 oeg ] o3| 8 20
— ]
Scalle decrepitude 87% | 93% | 000, | 8as, | gao, 8%
L.
bas first e described byy Dunn (1944) This senle amyloido
12 dependent

to pon dietary and genetical factors, which
nn © anahysed by Heston and co workers (Heston and
gﬂmi‘? 1918, Heston Larsen and Dennger 3945} The
The ;)I‘;‘PMS may be llustrated as follows,
adreng A strain has o hugh weidence of amyloid i the
e 5 and 1 the oy arnes (about 9o per cent i miee ot er the
2e 0L 18 0

nth:
2 -?bt “‘n"" ot :t).;'lhﬂc the hidneys are usualty only shghtly
60 en
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age of 16 months  Vagimal smears showed that evehic produe
tion of oustrogenic hormones 1s nearly always continued after
the termunation of the period of fertihty, and w many cases
unfyl death

istologieal mvestiygition of the ovancs showed that
follicles may still be formed n old age while ovidation 1s only
passible 1n exeeptional eases  However the ova show signs
of reduction both m number snd m quabty  Transplantation
of fertilized ova obtamed from voung ammak into the uterus
of old pseudopregnant mice was not followed by pregnaney.
This shows that the lass of frtility s not caused exchusis el
by anomadis i the production of ova (Hoot and Muhtbock,
1954)

Causes of Deaths

Inbred strans will often show w stran speesfie pattern of
serde dinease  The agh merdence of such disenses withm the
strun concernud onnbles us to study speeibie eanses of death
In females of soveral strumns which arc speeathy hept
Caneer Institntes » hagh medince of mpmmary earinoms as
a eause of death s observed  In the nedl knowa DB stram,
for mstaned the munman tumeur merdonee was 3 per cont
i vergn fordos ot an ascorage age of 546 dass (Mdhdboek
et al 19520 Ihe pon tumonr hoarmg naee dicd ot an aser
age age of 337 dase That mons that most of these non
tumour bearing muce did btors thay desddoped mammarny
eanecr

Ve can canby elimnnte the factor which s rosponable for
the gh meidones of mammary cancer i thas stram by means
of appropriate fostcr nurang by a mother wathaut the
mammarny tumoue agent  The imordence of mamaary caneer
then draps to § per oent i virn fusmates The hfespanan the
females withont tumours s prolongad to 594 davs as aganst
540 davs  As shonn i Fablo T 87 per cent of these fomales
die without any grosy Jesonms besdes beng very atropluc
in ather strruns too the poreantage of deaths wathout casihy
recogmizable cause s of the same ureder
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graft can be followed from day to day with the aid of vaginal
smears  The vamous aspects of the transplantation of the
ovary have been exhaustively discussed by Krohn (1955) In
our own with sub eous transpl of
osanes into ovariectomized females a completely normal
oastrus eycle was found whneh lasted 1n most cases nearly as
long 55 1n the ammal with the ovanes in silu {Boot, 1936)

Complete normal hormonal function could also be proved by
suceesstul transfer of fertilized ova mnto the ammal with the
subeutaneous transplant

The technique of organ t plantation can also be used
for the study of dufferences 1n ageing processes of organs in
dfferent anbred strams  For when we t lant

P
ovares of tho mbred strains to thewr F, hybrid and thus to
Uhe same emtronment we can determme which ageing pro
cesses are inherent in the ovary 1tself and which are dependent
on changes i other organs ¢ g n the hypophysis
I¢ Is one pont which has however, to be taken into

oonsideration when we transplant tissues or organs from an
:}nm mal of an bred strain to an Fyhybrid 1 e the possibiity

L the tissites may change 1n the new host by adaptation or
:‘u]h]l;nn Ths change has been found by Barrett, Deringer
: ansen (1053) with transplants of malignant tumours
fom mbred strams to F, hyhnds

ph‘nfizthu question which can be iy estigated with trans
bl '“fi:e‘(pcnments 1s that of the hfespan of the different
| r;: o o xp,cnmcnls with old ovanes transplanted nto
ot I:ma s showed that o prolongation of the hormonal
onary not possible far beyond the ordinary hfespan of the

. i’ Z"':alr nlppmachcs are possible for ot
¢ botne i mind that not aft transplantat:
ireesstul as those with ovaries pransctions are s
T
lm‘:ﬁl]‘\‘m‘nhom of the testes are only suceessful when the
v testes are taken from 3 day old ammals Vore
capsele !;2 ‘:\CI;I when stnpped from their connectise tissue
alter transplantation no functional activity

her organs although
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cxceptionally showed amylod disease  The O, x DBY,
hybnids, howerer, are very frequenth affected  Abose an age
of 20 months tarious organs are mercasingly affected, the
meidence m the adrenals and m the kadnevs bemng around
90 per cent at 23 months

The amylowd degeneration of the mouse hidney may be
briefly deseribed as follows while amnlond may ocenr m the
glomeruly, its most frequent site 1s the intertitial tissue of the
renal papilla The amilod deposits here lead to obtruction
of the Belhn ducts  Infeetion masy secondarsly ocenr, and the
final result 15 atraphy and degeneration of the renal tubules,
often m wedgehht arew For this process Bunn has propowed
the name ‘papiflo nephestss Thiy degeneration mav I
accompanied by evstie didatatson of the tubules and of the
Bowman eapsules  Aecording to the accurrence and degree of
these dilatations, two varicties of the nffection are discermble
macroscomeally  the evstie and the atrophie farm

The accurrente of these dilntatwns abw dipends upon
genetieal factors  The evetie form of pipallo nephrds 18
faund m €, BL mice and 1« most frequenthy found w C-BL x
DBA hvbnsds In Oy v DB\ Inbrids on the other hand, the
atrophie form 15 vsually found

These lesions of the hudnevs ore but ane mstance of sende
changes leading to death Many others cortamly semain to
be analysed In thewe mestigatuas n comparatane asalisies
of the functions of voung and old organs and lssues s
necessary

Transplantation Eaperiments

Qne of the cutstanding advantages of whred strams s the
posability of transplantation of tisucs and organs from one
animal to another, cither withm the inbred strany ot from an
anunal of an mbred stram to one of it 1y hvbads  The
reverse, 1 ¢ trapsplantation of organs amd tissues from an Fy
he brd 1nto one of tts parent strnuns v pot possble

“The use of ths transplantation method ean be demomtrated
with the transplanted ovanes, i wineh the fupction of the
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gralt ean be foflowed from day to day with the md of vaginal
smears The vanous aspects of the transplantation of the
ovary have heen exhaustively discussed by Krobn (1858) In
our awn expenments with subcutaneous transplantation of
oanes mto o d fernales, a pletely normal
ostrus eyele was found which lasted in most cases nearly as
fong o5 in the ammal with the ovanes 1 sttu {Boot, 1956)
Complete normal hormonal function cauld also be proved by
sseeessful transfer of fertilized ova nfo the ammal with the
subentancons transplant

¢ techmgue of organ transpl 1on can also be used
for the study of differences in agemg provesses of organs
& ferent mbred strams  For nstance, when we transplant
ovanies of twa wbred struns to thewr ¥, hybnd, and thus to
the same emy ronment, we can determine winch agemng pro
Fesses are anherent i the ovary wself and which are dependent
on hanges in other organs, ¢ ¢ 1n the hypophysis

e 15 one poirt which has, however, to be taken mto
consderabian, when ne transplant tissues or organs from an
:":;;";A; of an inbred strawn to an Fy hybod 1e the posstbihity
it  hissies may change i the new host by adaptation or
m( ‘;(;ﬁ This t'hange hias been found by Barrett, Dennger
fom m\;:; (1953) with transplints of makignant tumours

strains to B, hy bruds

. l:n?:g\er question which can be investigated with trans
orfuns o0 expeniments 1s that of the Iifespan of the different
g a0m ‘p‘mmems with old ovames transplanted wnto
oction “H:\ : showed that & prolongation of the hormonal
o ot possible far bey ond the ordinary hifespan of the

Simily
e IF approathes are posaible for other organs, although

1t be fome 1 mind
that not aff t, 1
STl s those With 6 s ransplantations are as

Transphantat
‘“‘“Dh‘x‘n:(\l ';t\:;x\s of the testes are only successfut when the

st e, o 5 are taken from 3-d1y old animals  More
Spoale, s tx vwhen strpped from thewr connectis e tissue
ier transplantation no funetional activity
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exeeptionally chowed amylod disease  The Oy X DBA,
frybrids, howeser are very frequenth affceted  Above an nge
of 20 months vartous organs are wcreasingly aflccted, the
meidence m the adrenals and in the hidnevs bemg around
40 per cent at 21 months

The amylmd degeneration of the mouse hidnev may be
briefly described as follows while amilod may occur m the
glomeruly ats most frequent site 1s the mterstitial tissue of the
renal papitln The annvlord deposits here lead to obstruction
of the Bethins duets  Infection miny secondarly occur and the
final resuit 1s atrophy and degeneration of the rennf tubules
often i wedgelih areas  For this process Dunn has propoesed
the name  papllo nephnites Tlus degeneration may be
aecompanted by evstie dhlatation of the tubules and of the
Bowman espsules  According to the occurrence and degree of
these dilatations two vaneties of the affection are discermble
macroscopieatly  the evstic and the atroplie form

The oceurrence of these dilatations also depends wpon
genetieal factors  The evstic form of papille nephubss s
Tound i CyBL muce and 1 most frequenthy found i CeBL X
DBAubnds In 0., < DBA/vbnds on the other hand the
atrophte form 1 usualhy found

These Jesions of the hiduevs are but one wstance of sende
changes leading to deith Many others certanly remam to
be analysed In these mvestigations & comparntive analysts
of the functions of young and old organs and tssues 1§
neeessary

Transplantation Experiments

One of the outstanding advantages of mbred stramns s the
possibility of transplantation of tissucs and organs from one
ammal to another etther withis the mnbred strams or from an
antmal of an whred stram to one of s Fy bybuds The
reverse 1 ¢ transplantation of orgens and tissues from an R
lybrid mto one of its parent stramns 15 not possible

The use of this transplantation method can be demonstrated
with the transplanted ovaries m which the function of the
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graft can be followed from day to day with the md of vaginal
smears The vamous aspects of the transplantation of the
ovary have been exhaustively discussed by Krohn (1955) In
our own expenments with subcutaneous transplantation of
ovanes mto ovar d females, a pletely normal
oestrus cyele was found which lasted in most cases nearly as
Iong as 1 the ammal with the ovaries 1n situ {Boot, 1956)
Complete normal hormonal function could also be prosed by
steeessful transfer of fertilized ova into the ammal with the
subcutaneous transplant

The techmque of organ transplantation ean also be used
for the study of defferences 1 ageing processes of orgins in
different wnbred strawns For instance, when we transplant
avaries of two 1nbred strains to ther ¥, hibnd, and thus to
the same environment, we can determme which ageing pro
cesses are inherent n the ovary itself and which are dependent
on changes 1n other organs e g 1n the hypophysis
*e 15 one pomnt which has howeser, to be taken into
consideration when we transplant tissues or organs from an
:;::Tta!‘: :i z:n mnbred strain to an F; hybnd 1 e the possibihty
mﬂlat[unl '}uhels m;y change 1n the new host by adaptation or
and Thonse s cn ange has been found by Barrett, Dennger
Pl 0 (1933) with transplants of malignant tumours

‘ambted strans to Fy hybnds
plantgt:: e('gm‘stlon which can be mnvestigated with trans

Ypenments 15 that of the hiespan of the different

;;Ku:rls Expeniments with old ovames transplanted into
mrgoimma!s showed that o prolongation of the hormonal
oy is not possible far beyond the ordinary Lifespan of the

Sy
N mz::a;eagg::aches ar; possible for other organs, although
€ in mind that not all tr.

Suecessful as those with ovares eneplantations are s
Tal

‘m\sp';sal;l;rétnthons of the testes are only successful when the
i eestes are taken from 8 day old anmals More
caps, shmv“f;l when stripped from their connective tissue

Biter transplantation no functional activity
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Parabiosls

Another method which apparently has not as yet been
much used w gerontologieal rescarch iy that of umting two
ammaly m parabiesis  Inbred strams are indispensable for
this method  If we unite i parabwsis an old anmal with o
young one, 1t 19 possible, o g, to study the gonadotrophic
function of the hypophysis of the old animnl, or tice versa
the nfluence of the young hypophysis on the old gonads
The after care of these parabiotie animads 1s most essential
In our laborwory the method of putting an older female
whieh has had some htters mto the eage of the parabiotic
anmmals as & nurse has appeared to be extremety useful

Conclusion

A sunev has heen given of the use of wmbred strans m
expenimental gerontology research It is bevond donbt that
mbred strams and thewe Fy by brads are mdispensable for the
mestigation of many gerontologeal problems
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Guliman: 1s there any sex difference in amy loidosis?

Muhibock: We found na such difference, except in organs which
themselves show sex differences ns, for instance, the adrenal cortex,
Ionerver, hecause of our work on mammary cancer we do most work
with female muice and we have much more experience with female
anitals than with males.

Gillman: 1 ashed that question beeause my brother, Prof. Joseph

o R R B PLAE R SR S 4
. .' i .
. s

skun matert M(Gihnan, J., ond Gilbert, C. (1035) ela med. scand 153.
LT DA - FON I MR S A

Parkes: T was fascinated by many of the esperiments winch Dr
. SN A P i

o L T I S P

remainmng
r

" ', .
! . ' PR .

and a Tew cycles might exhaust the ovary aftogether,
Muhlboch ¥ think that ss exacily what happens

RN SR

L . i

smell?
Iranklin Yes, it does
Krohn- I am not at oll certaun that you are right when you suggest
- : = ' --¢ are no more ova It s my
which have gone on eyching
se beeome infertile still ook
. *y of granulosa-lihe tissue but
.- N 1 thunk the tno
\eparated 1in time

UV 4 7Y

0vE, DU that 3 Juu wus v . o
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s - » - e .
Lomne Lame net e -

uiiyles very rapriy Such ammals go on having irregular oestrus
eycles for up to 6 weeks and then go 11ta constant vaginal oestrus for
aslongas100dsys What you are downg in irradiation is damagiogevery
component of the avasy and you are destroying all those tissues which
could go on secreting oestrogen for very fong Once the lifespan of

anything that you have left behind after awrradiabion 1 over, m 60
NN - Vernma

days Or 50, thep theen capath -2 1 1 fy

Parkes By using & stuet dosage you . i
other cellular bods 2 you can axesd damagung almost any
Fouhn Dr Mullbock, when vou are Anm~ = =3 .- .
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Muhlbock * We Justsee that they are healthy and I e as long as ordinary
wice

Best: Have you made the parabiotie union at (ilferent phases of
inbreeding ?

JMublboch Yes

dlest And docs it nlways go well after twenty inbreedings?

Mublbock  Yes, but it 1s an absolute requirement that they must be

month-old one, what 13 the result?

Muhlbock They e quite hapmly together for 3~f months and dieat
28-30 months

Best 1t you did not have this pamdiotic test, hon would you hnow
1y ouhad a pure stmin?

e ST PRI L »o-
. - .
amy lod disease 1n parabrosis? Is it roughly the same percentage in all
organs, young and old, or 1s it Just in the ovany 7

r 1 ‘ e T - > Tnold

21 mon!h;) ou may be trying to reverse something whieh may be well
along and jrreversible, whereas nctually foss of fertility, il that were
tahen as the wndex, would occur & good dealenther I wonder f the same
1den might not be extended to this question of the transplantation of

the ovary Inother words, ts there a point of irrer ersibility if one waits
. - ~ . -4 on

.- . a

. . I o

it
e "y

- . - n
18

{ expernment  If the function of the oyaries stops i nn anunal,
say, nt the age of 26 months, then there s the possibihity that the ammal
will e for two or three months longer and you can do this type of
experiment and can see 1f the hypophy sts v stll produeemg gonadotrophic
lormone or not  So far, we can say that the hypophysis prodtces

N aann

type o

think, that the hy pophy sis 1s still
it that there 1s o far amount of
1 with age, this fall off, while 1t Is
detected a good deal earlter than
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- t
that Vie hate Just starled wone &
hapnen =t H

i pont wher
oeeurs mfact, | . .
Jery grady uompant functon
balance \ -
wut 011 muice was prolactin production
“}:‘;-da:;:e Do you find that the ability of ammals who will smt\pt
parablogs or dransplantation changes witk ége w your matenal? Are
there B certasn nurmber o} suceesses and faduces, depenting ‘fm' me
stance on whether you transfer a young tissue to an older ar ~ -
rsa? A
Mublboch Vv ' - .,
but of course
do a transplas
Landawn,

i
Mubod, ‘
this will devel -
havetawads .
Donyells T w
the sense of & ty nleresting expernt
ments at least

« wence you have presented Tt seems to
me that ¢ 13 possible that some other steonlus 15 involved but which s

only operative of the olfactary bulbs are present And whilst [ agree that
1t 15 rather

Pt that thus s 50, rthelese the chunges you
observed were 50 large that it would be nwe to have absolute proefl

Hare you sny evidence that sunply “pmping the smell’, as it were,
of u Jot of gnrmals 12 sufficsent?

Muhlbock Yes we have hept 2 numher of ammals 1 one cage, and
when after & week we took them out, took themm to another room and
put an ammal in the cage the result was just the same

Damells But thea jou transferred rather more than simply an
olfactory stimulos

Uublboch Yes, I completely agree
Bourhitre A few years ago Le Magnen (1051, C R Soe Huwl , Pars,
1b5, 8351} ¢armed out some expeniments on the olfactory ahthities i
white rats winch fit 1 very well with Dr Muhlbock’s espenynents
:'Irz‘(;\an‘ﬂ b’.‘ﬁ‘;‘\’:{ Zhhat ratsare able to recognize both sexes on olfactory
v pand i ey can also discrinunate between a female yn heat

16RXGIS
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Damelli Yes, 1t 13 not that 1 am questionmg the Ihehhoog that Dr
Mriihlliock’s ss the nght evplanation But i comes so close to being proof
that one woulid Hike o see the proof actually estabhished

Parkes Havc you any ides of how smethng other ndn iduals makes
them pscudopregnant?

Muhlbock Ve thinh that it is o mechanism which »s set n mobion
once ngertain Jevel of stimulation fsrenched  Some centre mthe nervous
sy stemn, which may be stunulated along several pathway s, then refeases
some factor which in its ture causes Inteintzing formone or sometiung
hike that to be released by the hypophysis

Lraneells There ss 8 somenhist nnnlogous sstuation in Jocusts connected
with the change from the solitary to the swarming phase I am not sure
whether the mechamsm has been really estabhshed theee X believe that
there is & cerfan amount of e idence that there must actunlly breme* ¢

between the Jorusts, i 15 not sufficsent that ¢ - L 4
smell one snother

Anotherpowt T * .
with homozy go H . * . o 2
smprobable  ft * L . waitn Teeessies it
your stoch and v ag nprobable It does seem more

Lhely that you sapitt to get n cortain number of strans i which
cest aln groups o sets of the genes turn up, are really *iable, and other
sets of the gencs, so 1o speak, dic of 1 the early stages, resultang in death
m ey embry onie slages or even before fertilization  Now, o situntion
Yike that mught lead to a strmn i which most, ifnot aff of the animals
would be very cfosely simiar n ther genetic constitution but there
1w big jump from that sitnation to one where o pair of antmals »
pereeticatly wdentical

Afublbock Would 3ou ngree with 88 999 per centt

Danzefl: I would not ngree with any nwmerieal assessment uniess you
bad appropriste evidence

Bourne You snid that m your parabiotic expeniments mith the young
and the old, the old ammal dies within & fow months, does the young
animal die with um ¥

BIuklock Y es, 1t docs, but if you separate them the young ene will

mrmne



TWIN DATA ON THE GENETICS OF AGEING*

Franz J Kauaoaswx

At Genchcs New York State Psychatric Instiute
Deasiment of Mediat ég\mhla niwcernty

DespiTe the intricate and continuous interdependence of
genetrc and non genetic components of personakty formation,
the twin study method mahes it possible to appraise the effect
of heredity on mesurable behwviour vanstions at all stages of
the human Iifespan inelusive of the senura The techmical
efficacy of the method 1s matched by its economy and versa
tility as a samplng procedure, and extends to populstion
studies which ¢call for o comparative analysis of wdinidual
health and survival values These procedural advantages are
most apparent in the investigation of traits requiring ntra-
famuly and longitudingl comparsons under controiled con
ditions and personal contact with families from yarous
population groups 1ncluding some whose private affars
mght not otherwise be open to studs

The popular notion that the adjustive and agewng patterns
of one egg twins resemble each other chiefly because of
unusual similarity n their early environments has yet to be
substantiated 1f confirmed, the argument would only
strengthen rather thon wealem wny comedtly formdinted
genetie theory Psychodynamse concepts, tao, are predicated
on the premise that man 15 selective mn regard to important
espeets of s hfe experrences {Alexander, 1956) and takes
prde 1n beng responsible for s own formula of adjustment,
before and during the pertod of seneseence

From a iotogieal standpomt, the proeess of ageing has been

* Presented at the Thurd £iba Foundation Collan -
€ ghth congeen 8 e
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Daneltt Yes 1t is not that T am questionmg tie fikehhood that Dr
Mulithock 535 the right explanation  But it comes so close to besng prool
thnt one would like to sec the proof actually established

Parkes Yave you any idea of how smelling other individuals mahes
them pseudopregnant

Muhlbock We think. that it js o mechanism which 19 set 1n motion
once necrtan level of stimulation is reached  S: tre sn the nermous
system wiuch may be stimulated along several pathways then releases
some factor which in jts ture cruses 1 b or hung
Iikhe thnt to be releascd by the hiypophysis

Daniells There 1s a somew hint analogous situntion in Iocusts connected
with the change from the sohtnry to the swarming phase ¥ am not sure
whether the mechanism hias been really estabhished there I belteve that
there s n certmin amount of €4 idence that therc must actually be contact
between the Jocusts 3t is not sufficient that they see one nnother or
smell one anether

Amother pomt ¥ should like to discuss s whether you really hay e worked
with horsozy gous straing 1 should have thought that that was highly
mprobable It would mean that there were ne ludden recesstves in
your stoch and that strihes me as besng smprobable It does seem more
Itkely that you managed to get 4 certain number of strams m which
certam groups or sets of the gones turn up are really viable ond other
sets of the genes 5o tospeah die off 1n the early stoges resulting in death
m early embry onte slages or even before fertdization Now o situation
like that msght lead to n st i whuch most, i not ol of the ammals
would be sery closely sumilar sn thew genetic constitution but there
is w big jump from that situntion to one where a pwr of ammals is
genetically sdenbieal

Blublboch W ould you agree with 03 909 per cent?

Dantells 1 would not agree wath any numerienl assessinent unfess you
hag@ appropraate evidence

Bourne % ou said that in your parabiotic experiments with the young
and the old the old anmmal dies within o few months does the young
antmal die with hun?

Alublbock Yes, it does but if yout separate them the young one will
suryne
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subnormaley and emotiopal instability, mcludimg sehzoid
persenahity traits compulsive drinking patterns and the hike
Exact genetic mformation about the manner i which
p t malad) t affects adaptabibity to agewng
has yet to he obtawned Longitudinal studies are needed to
demonstrate how specific traits tend to complicate, or are
compheated by, the ordmary phenomena of old age such as
those deseribed by McFarland (1956) and various Russian
imestigators (Bogomolets, 1938, Gakkel and Zimina, 1953)
Since the fen studies made 1n tins field have been related
largely to ct k } rather than biologieal age, present
appraisal of changes due to agemg can be no more than a gross
approximation

Tt would be difficult, for mstance, to determme whether
comphications in the later stages of chrome pathological

such as hyp or hypothy anse
the penod of senescence by comesdence or 25 the Tesult of o
causal constitutional relationship In the case of a gene
speafic underproduction of the thyrosd the connecting hink
:‘nay be a disturbance 1 cholesterol metabalism which affacts

& waw it Ui sthizophrenies and
mental defectives tend to deterorate, and aleoholics almost
alway s show a marked decline in tolerance and general resist
ance

ding emotional malad

logically fall; th h penod ste o
alls 1nto the myolutional period the relat:
between the effect of adsancn, o Sl dedamg

brol
~daptabilidy w deronstoates bg ological age and declming

Yy persons distinguished by a
schizoid type of behaviour pattern TS by B

ww yuaie uegree of general constitutional
Z::::cle (Kallmann 1952) 'The presenescent traits most
Som nng gf associated with this type are ugdity, compulsive

rersensitiviky - Along with the cumilatiy e emotional
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defined as a gradual loss of alulity to mamtam a constant
tevel of phy siological cquilibrium  Tlence, 1t 18 the alulty to
withstand the enswing imparment of health that determmes
surisval to an advanced age  This eapacity 1s known to be so
varnble that the many obsers ed differences from one person
to another strongly mdicate the operation of gene-controlled
phenomena (Kalimann, 1956 a and &, Kallmann, Aschner and
Falek, 1956) That the potentiahity for o long hife, denved
from @ fortunate combination of heslth conferring genes, can
be modified by adverse Ife conditions mn no wav lessens the
sigmficanee of this fundamental biologieal hy pothesss

Genctieally, a distinction 1s made between the effects of
gene speeific processes eausing premature or other pathologieal
disturbanees 10 the last seetor of the human hfe ¢yele, and
those of general genctic phenomena wfuch produce duferences
m basically posstine health nnd survival values (Kallmann,
1958) The symptoms observed wn the first group of disorders
are likely to be the result of one major mutant gene that follows
the single factor type of mheritance

Seen i the second group of variable patterns of adjustment
are gradations m normal ageing potentials whieh result from
the mteraction of several or many genes and are therefore
ascribable to the multifactor or polygenie mode of inhentance
Extreme sanations determmed 1m this manner (through the
accumulabion of short e genes) are apt to produce devintions
from the mean henlth status of an agemg population, which
are classifiable as pathological  Some of these deviations may
be so clearly pathologieal as to be mdistinguishable from
esther n single factor type of disturbanee or & so-called pheno
copy {n non hereditary vanation ssmulating the phenotype of
2 mutant gene)

Stifl another group of runus yarmbions i adjustment te
ageing 15 due to gene controlled deficiency states, physweal or
mental, winch ansce before the sencseent penod but tend
maidentally to alter the adaptn e pinstiity of agemg persons
In this eategory are the major psychoses, speeific metabolie of
endocrinopathie disorders, and various types of mtellectua
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stramn ansing from merensingly conspicuous signs of ageing,
these traits tend to lead to painful experiences 1 nier
personal relationships, gradually overtaning the adaptise
defense mechanisms

When a psychotic brenk with reality oceurs, its symptoms
are charactenzed by the imability to find construetive avenues
for releasmng ansety generated by involutional ehanges
Aetiologically, however, it 1s obvious that the causes of such
an mvolutional psychosis are multiple and always mclude a
long lustory of emotional mstability determined genetieally
Admittedly, the biochemieal correlates of this deficiency m
adjustne plasticity are still very much in need of elarification

Sumilar uncertanties ewst with respect to the genectie
aspects of those pathologmeal conditions which are specifie to
the period of senescence  Suffietent mformation is not even
availableregarding the least common and most eastly recogmz
able disorders hnown as Pick’s, Alzheimer’s and Jacoh
Creutzfeldt’s diseases Here, gross and relatively crreum
sertbed braun leswons develop so dramatieally and prematurely
that from a genetie standpomt 1t would be possible to thinh m
terms of spectfie disturbances produced by the cffect of single
mutant genes (Essen Moller, 1946, Jacob, Pyrhosch and
Strube, 1950, Klopfer, 1956, Malamud and Wagganer, 1943}

Theortes of simple dominance or recessiveness have been
advanced not only for these three special types of presenile
bram atrophy, but also for essential iy pertension and ecrebral
arteriosclerosts and the total group of disorders ealied scnsle
dementia  However, lustologically venfied famly data are
still so searce mn this area that 1t would seem inadsisable to
chuminate polygeme modes of mheritanee, even sn the farrly
well studied groups of Alzhemer’s and Piek’s diseases
According to Sjogren Sjogren and ILindgren (1948}, the
theory of & simple domtnant mode of mhentance has been
more clearly substantiated m Prehs than wm Alzhermer’s
disense  The observed morbidity rates for the parents and
«ths of affected persons are 17 and 6 8 per cent m Pick’s

disease, and 10 and 3 8 per cent 1 Alrheuncr’s discase
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Virtually nothing 1s hnown about the gene specific metabolic
sturbances that may be at the root of these two types of
arly brawn atrophy Conjecturally 1t may be stated that the
wen disturbances are lhely to daffer as much in character as
o the structural changes produced by them Ttis Tegrettable
hat our search fot venfied twin cases of either type has not
en successful, but 1t may be useful here to deseribe some of
be histopathalogical differences observed between the two
conditions

In Alzheimer s disease (Fig 1), the atrophy of the bram
although most proncunced m the temporal and frontal lobes,
s rather generahzed On the whole, the narrowing of the
gy and the wideming of the suler are more severe than the
common atropme changes associated with the semum
Microscopieally, there are csrly and marled degeneratne
changes, and the cytoarch ets0d
areas are entirely lacking in nerve cells

Appl of the sibver 1mp 10n method dascl an
shundance of semle plagues, and typiesl newrofibrllary
degencration 15 scen 1 the greatly magmfied cell mserted
(Fig 2) Parenthetically 1t may be noted that these degencra
twve changes are not argentophihe

Compared with the atrophic changes observed m Alz
hemmer s disease the atrophy of the bramn 1 Picl’s disease
{Fig 8} 1s more circumsenibed and usually most severe 1n the
frontal lobes The postcentral and paretal segions tend to be
better preserved [ pically, the cytoarchitecture of the
frontal lobe may show complete disorgamzation {Fig 4) In
this 1mstance, there are scarcely any nerte cells left, and
certownly fewer than in Alzhermer’s disease

Usm&; Holzer s method for gha fibres (F1g 5), one finds a
r‘t‘\m‘ke i WmM&'ﬂ ghiosis a symptom which distmgwishes

:'c‘kjs from A theimer s disease  Greatly magnifad o b o ~ 1

d that sovae
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hotopeal conditions 8§ coronary artery disense, essential
‘}:;\pm-t:isxon and cerebral artenoscler_oms (Fnedman, Rosen
soan and Byers, 1953, Willanson, 1950) Some inyestigators
regard dominant genotypes o5 the canst not only of o speetfie
predisposition to cerebral atteriosclerosss, but alse of ats
partieular locafization and frequent combination with nephro
selerosts (Sobye, 1948} However, despite the present eyidente
) 2 4 T e hatae the hagie cause of
spects of this

Erpolly doubitful 1 the theory that the total group of sentle
Jermentias Thay be due to the effect of o dominant genotype of
fow penetrance (Cressers, 1948, Meggendorfer, 1935) Rather
one ot two dormunant genes hayve been assumed to be involved,
ane controthng fongenity and one producing the pathologieal
changes assotrted with semle dementia  According to the
results of our study of agemng twin family umts, senile psy
choses seem more adequately explamed by an sge speatfic
miensification of long exsting but munor deficienctes n
general emotional adyustment than by o single genetic factor
cwsing a specific type of psychopathology  This theory im

of & serle
actations in

v duced level
of adaptive plastity and those gene specific biochemieal

phenomenn controfling growth and decline

Graded differences 1 penera} agemg and longevity poten
tiah have been demonstrated by famuly statisties {Dublin
Lotka and Spiegelman, 1033 Guanferran, 1954, Jalavisto
1951 Peard and Peard 1931) as well as by twin stadues (Ka\\’
mann Ferngold snd Rondy, 1951, Kallmann and Sander,
1948 von Verschuer, 1934) and are most certamly polygere
noonpin - Longitudinal tyan data show that compared to
the hmited degrees of sumlanty between two gy twins
or ordinary sibs ulf measurable simlenties between sgem,
one eeg tans are 1y mare d i 1: nﬁ
~mte <fyery diffetent environments  The obsers ed s:ml\an{ws
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This findimg and the absence of both senile plaques and neuro
fibrillary changes are usually sufficient to differentiate Pick s
from Alzheimer’s disease In fact, the degeneratnie processes
m Prek’s disease are so pecular that, genetically, they would
seem to pomnt to a very specific metabolie disorder which has
yet to be identified

Tor this purpose, broad interdiseiplinary fanuly investiga
tions of the kind now in progress at Tulane University
(Buchwald, 1956, Klopfer, 1956) will be required T'rom a
genetic standpomt, hinkage and pletotropism studies may be
helpful m an attempt to locate the chromosomal position of
the defective gene or genes and to detect the presence of such
gene eflects 1 persons displaying no overt mamfestation of
the disease process  In biochemieal research, chromatographic
and electrophoretic methods may provide essential informa
tion about the part played by ammno acids and serum lipo
protems

Much additional genetic work 1s also needed 1n those dis
orders m later hfe 1 which cercbrovascular changes are the
predomnant feature Obviously, arterioselerotic sy mptoms
are dexeloped much earlier and more severcly by some persons
than others, and equally variable 1s the ability to withstand
cerebral damage (Adlersberg, Parcts and Boas, 1949)
Chneally, 1t has also been established that atherosclerosis 1s a
discase 1n atself and not an ordinary concormtant of ageing
In fact, 1t has been suggested by some wmnvestigators that
atherosclerosis may actually be two distinet diseases the first
duc to defects i cholesterol metabolism or erculatory
functions, the sccond resulting from a breakdown of the
structure of the elastic elements 1n the media of arteries
accompamed by calcification  The mcrease 1 deposited
caleum has been shown to be associated with an increase i
some amino acids, whieh in turn may be related to the action
of clastase, o pancreatic hormone (Glass 1955)

In any case, 1t 1s particularly mn the presence of a spearfie
disturbance m hpid metabohism (hnown as primary hy per
cholesterolpemia) that a famuilinl trend 1s found toward such



T16 & Duygotie twips at the 2g°s of 23 and 78,

Tfang page 198



138 Franz J Karniaans

extend to physical and mental signs of ngeng, socm! ad
Justment, mtellectual performance, and sts rate of dechine
The comparative histories of two typreal twin pairs may help
to illustrate this pomnt

The twin brothers m Ig 8 belong m the senes of two egg
paes with very similar life conditions Reared on a farm,
they attended a rural school together, and then became
prosperous {armers m the same district When they were in
thew early thirties, cach marned o loeal girl and had one
daughter Howesver, despite the similanty of ther ives, they
developed rather disparate personalities and patferns of
agemg

The younger looking twin on the left, desenibed as prankash,
esatable and somewhat estravagant, complamed of s
health for thirty years before retirng at age 70 The other
twimn, who still runs hus farm on hus own, has always been
placid, frugal and self sulicient He takes pride i never
having seen a doctor, except for an appendectomy

As to general intelligence, this twin has mamtamed a two
pomnt adsantage over his brother with voeabulary seores of
23 and 22 ot the ages of 71 and 7§ But i this penod of
seven yetrs he has detertorated from a seore of 63 to 30 on
the tapping test, and from 25 to 17 on the digit symbol test
The corresponding decle in the twin with the slower agemmg
patterns has been only from 78 to 67, and from 27 to 21,
respectively

The one egg twins m DNig 9, on the other hand are still
remnrhably alike, both physically and mentally, although
their fortunes have differcd considerably  Both were employed
m factories, married at & young age, and fathered six elldren
cach At 78, one 18 muntaming a stable home life i a subur
ban community where he 1s stilf active as a cemetery worker
The other netther works any Jonger, nor does he have a ome
of lus own For forty years he has been separated from lus
swife, for whose sake he had changed ns rehigion

Nevertheless, bath tnns arc i good physical health and
blissfully unaware of their equath adyanced state of senile
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deteroration Tn the last seven vears. thew it symbol
seores have declined at o sumlar rate, from 13 to 2 and from
11to1. Interestingly enough, eventhe ystakes they make n
substituting symbols for digits are preaisely the same

These two sets of aged twins are among the 72 paired
survivors of a senes of 120 same sexed pars, tested psy cho
metncally n 1937 and, where possitle, retested with the
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1047 and 1955}

vame bottery in 1935 It is yndicated by the resul
longtudinal study, suramanzed dmgramznabm!}; u":sFoll ull(lls
that the mean mtra pair differences in the test seores o(g £ y
©gg tvns consistently exceed those of one epg twin partneb

The detailed test data will be presented at the Internation rsl
Congress ot Tuman Genebies 1 Copenhagen, as lon, maetli1 ad
evidence for the essentinl part played by g;nehc fict e

ieflectual performance unty) the period of sene: dm's e
(Fungold Jarvik RKallmann, Falek and Klaber) seent Gecline
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amtar i causes of death as two-egg ples of the same of
opposite seX

The gene spectfic basts of langevity and penerat health
potentials m ofd age 15 confirmed by a comparison of the ble
spaus of the sibs of senescent twin mdex cases with those of
thew parents (Table IT) The most sinking result of this
apalysis 18 the evidence for a direct relstonstup between
parental age ond the Ifespun of the offprig The effect

Table 1L

I'FrECT OF PARENTAL ACE OV MEAN LIFESPANS OF SENESCENT TWINS AND
TREMR SIBLINGS

BOTH  PARENTS
MOTHER DIE!
k £ bl FATHER DIED on

atiow 70 ano | secow 10 _ano} Beto 10 aNo
3 4 ol °
} 3 3 } ovEr 55 W e ovER EL) A YRR

KH&LE{S!H &568 1596 563 lmzl&oz 15)3 1 6'2}&;!
! 0

Pemeys 3t

of parental age s nd A

” t of sex ddl ond
expresses wself 1n the fifespans of both sons and daughters,
wrespeetive of whether the ages reached at death by ihe'
prents are covsidered mdwidually or together The com
paratively ughest mean age lesels were attamed by twm
ndex sibishaps when an age of 70 years and over was reached.
}g‘l‘nc wother alonc, or by the father alone, or by hoth parents
z ere s no e3 idence for the operation of a sex linhed factor 1n
he whentance of generat longevity potentials

Wsed on these findmgs, the efleets of genetse factors m
'\gc(:ng x;\a\ bt summanzed as follas s
eldid

He s anations m adjustment to agemg may arse from
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In hne with climeal and psychological obsersations, it 15
shown by comparative data on the length of hife of scnescent
twins (Table I) that baste varations m the human Iifespan
depend on gene speeific health and longevity potentials In
those pairs of our sample where both twins died after age 60,

Table T

BICNNSAL M1 AN INTRA PAIR ITFESPAN DIFFFRLNCFS IN SAMF SEMLD TWIN
PAIRS OviR 60

WIRA-PAIR LIFE SPAN
yE4R |WMBER OF SAMES ) niFFeRencES  EXPRESSED
SEXED PAIRS N MONTHS

oF ALl &om
MALE |FEMALE] TOTAL
ANALYSIS)| PAIRS | DECEASED)
Fme 237 | 32 476 | 294 | 369
1950 | 415 ] 68 429 {312 |367
MONOZYGOTIC }— . 0
1952 513 76 407* ) 307 35ﬂ
1954 | 513 78 | 407% | 316" 363’]
1948 | 696 [ 38 (891 |er3 [783
1950 | 1071 70 791 |e32 |ne
1952 | 1226 | 86 | 791" | 695" |737*
e g 0 o
1954 (1226 | 102 | 695 [ 791" | 746

DIZYGOTIC

# Signficont ot I% level
®¥ ar eppeaite vexad pairs over 60 1060 months

the mean ntra pair Ifespan difference continues to be much
smaller 1 one egg than m two egg pairs  The present total
mean difference vartes from 86 0 months i the one cgg group
to 74 6 months 1n the two egg group of the same ses, and to
106 0 months mn dizygotic purs of opposite sex  In same
sened patrs, this difference 1s about the same for both sexes,
despite the shorter hfespan of the male It may also be
mentioned that one egg twin partoers are more than twice as
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gene speafic traits fested before sen , but suseept-
ible ta ats overstrammg effcct; or from speaific metabohe
dysfunetions pecuhiar to the sentum; or from graded differences
n general health and survival values  Much additional re-
search 1s nceded in all three categones

Since genetie phenomena are the eause of many induyidual
differences in the degree of agang, 1t 1s iadvisable to approach
geriatriec problems with the preconcessed notion that the
adjustit e difficultses of the nged are more or less the same for
all persons and thus conduene to management by stereo-
ty ped methods

Brologieal factors advantageous to adjustment to ngewg
melude healthy and longevous parents, the efficacious use of
genetie poteatiahities for physieal and mental health through-
out hfe, and the estabhshment of adequate emottonal adjust-
ment before senescence
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Of course, we cannot study people at the age of 60 who died at an
i::'her ame That would be too much 10 expect  But twins who are 60
years old can be followed for the purpose of determining wbat happlens
Antherm Tnyg Ak~ wmes = 1 - -

. .

% sp s
Aaitmann For imds
Giltman s this the mile blue sulphate method? It 1s unusual to stan

Bnd e weth #ha han — - o,

suwiualill 3 Gata, whether any
Lis pation has been made on two aspects (1) on the. physiolo;
(2) on the pathology of the people e aad.
1ot of view of &?’umtwﬂv -mmm \i\ pm e )
tyjtamine ardjor 1y sergic ae '
\ntermedinry metabolism of th + .
I hiy cases nny studies have be N
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be assuned that Pick s and Alzheimer's diseses may occur in the spme
family , that i i a fanuly that orcinanidy has the capaaty for very Jong
Iife 1t 15 probable, therefore, that a major mutaton has occurred inn
grene that ordinatidy has a normal function in a longes ous person
Ps)chopatholegicat sy mptoms ns sucl don t mean much unless thes
are yelated to chronolopieal age and genernl metabolie changes They
ave known to differ from one person to another although tawnrd the
end of their I os all human Deimgs are apt te be maldjusted
Lewss The dificulty 1n using the neuropathologent ersterion s that
the brans of old people who showed no psyehologent evidence of des
1 hable from those of 61d people

are
who had considernble dementia

Ratlmann Y5 but one does not hnow the extent of cesebrovaseulse
changes wluch differentinte them It msy be a greater or fesser supply
of oxpgen and other thngs that differentiale persons mther than
differences 1 the structure of the bruw itself  Certmnly one should be
able to identify o Mochenuen! deficieney fictor so elearly defined asan
Pick s or m Alzhenner s disease It 15 almost unbelievable that we stll
don ¢ hnow what this gene does and nwhat hand of a defectiie state it
produces As long as we dan t know thet it is not surprrang that even
ordinary agemg § wre not sull Ty und i

Oibrich Would you Bry that the mte of rgemy the mte of decline 15
genetienll) conditioned or controlled in jour twn stuties?

Kellmann Yes as far as vanations i trits are concerned which are
smensurabie by psychometnie tests

Bourne Yins any study been made of the mhentanee of Simmond s
diserse?

Aalimann X don t think <o

Damelli Is st possible to generahze anany woy nbout the detersorntion
of characterntics controlled by single genes te majcr genes as com
pared with chametensties controfied by pols gene sets?

Lallmann In the case of a single factor trait which 1s due to the effect
of & single major mutent gene pathologtes! changes are d with
some very speusfle Diochenneal doficieney states s n tule honever
the ngong process tohes phice sn traats that are poly gemeally deter
nuned T dont know of nermal personality towts that one would
ascrsbe to the effect of one speeific gene  Onh when one derls with the
cffect of one gene that con express itself os clearly as s tryem Alzheimer s
or Pack s disease then the effect 13 patholc genl as fur ns ngemng iy con
cerned  In the last analysis ageing must be thought of m terms of the
mdnadunl alphly or mability to utitire ordinar Jongevity potentials

Daniell. That'scems to mean extremsely arbatrary defimtion of ageing !
In that case how world you aceonnt fist a aui wi droes Lveaty §eacs
fonger than he should do because he haz inedn a fayvourable cnviron
ment? Somethmprery peeufiarwonld iins o ta happen i hasgenctieset up

Rallpann T dont thwh it 18 possible 1low coukt you prove that
someone Ined twenty years longer than his genes were potentiatly
capoble of sustunin,g

t
Damells Well, the question really 1s 2 the present day spon of ufe
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W 34w andhe penes or 14 the action of genes mex:ely ?Erm:ss\\ :"Z
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hollmann  For Lipuds

Gullman Is this the nile blue sulphate methiod? 1t is unusual ta stan
Lipad Blye, with the brown granule  Was this only hipid or was it a hipa-
protein won coraplex®

Tn ¢ho Cont acta wed ol dn 6ha oallame st Lo mamas —nd

smpregnatinn techmque A

Galiman Wehave found mentsl disturbances to be common 1n Afreans
with pellagra of with severe Iner damage unassociated with frank
. &0 ] . S

PRIt han bnan wandn an Soin nnmant $3% oo g ete 1
.o, . . .
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Hess (1005 Nature Lond 175,857} on the ground substance of the bram
It nould seem from the studies of Hess that disturbances ground
substance muropoly sacchanide in cerebral tissue in partiewlar may play
an smportont part m regulating the actn ity of the neurones themselyes
Have sumiar studics been made By you?

Rallmann Mo the brans presented cime from patients who died 1n
some of our qival mental hospitals and anly the bramn matenal was
recened for study I showed these shdes largely to demonstrate
differences between changes obseried 1n Pichs atrophy and those
obsersed i Alzd s atrophv A I3 ene can distinguish the
two condstions stepathologiently although the given cases were not
studied ehmcally  Our theory s that there has to be some different
metabolie disturbance at the roots of these cases and it i rogrettable
that we stall do not hnew the nature of the metabolie defect 1mvahed

Gillman 1t would seem that partictfarly with modern stunwmg and
paper chromatagraphie methods the study wineh I suggested would be
reasonably casy to conduet and may be worthwhile

Lewng I thank 1t nught be more difficult than that beensuse since
mperest was aroused m serotomn and ats dernalines mnny people hne
been studying the body Quis of psychiatrie patients for such products
aund so far »ery Little hns come of it

Gellman 11ave any such studies been done w \lzhersner s and Pich 8
disgascs?

Lewts Na

Iriedman 1 take st Prof hallmann that the extension of the
hfespan wiseh has oceurred m the Jast il century would mdiente that
the genetic characteristic was permissive rather than obligatory *

Aallmann One ean talk only m terms of potentinds and different
rencrations may muhe a different use of therr | hities It s only
those who do not dre before the end of thew biologieal Mespans, who
can show how long they may fine On the whole 1 onc egg purs we
find a rdlatiely close corresponslence between the ages renched and the
causes of death shown ot death cven m those who hay ¢ been separmted
for fifty ov sixty years and have Iived under different aircumstonces  In
tno-egg twins even i those who have aiways Ived tagether se rarcly
find such n close correspondence W e record these data we don t pro
dnce them experimentally

Best Ihstologieal changes i sery old people are the same as those
in Alzhcimers disease therefore what s the distmetion between the
elderly people 1n whom you do not diagnose this condition and those
younger people who hove the disease?

Aalimann ‘Whateier the senide plaques wre they are an indication
of some metabolie disturfanee 1 the frun  Ordinandy they are not
found before the nge of 80 or 83 In cases of \izhenmer s disease how
ever they are seen in the bruns of peof le dying, in thesr forttes or fifLies

Best Docs that mean thatexery body ater 8% hias Alzheimer 8 disease?

Fallmann Do ererybody s brain mny show plaques charactenstic
of semle processes apparently as the resuit of metabolie disturbanees

which ardmartly oecur anly i persens who dic Iste sn he
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Larts has
Iouble 15 that no one except Gellesstedt w Upprala
txammzd:r:: f;:‘;s Xltsmaw, a large senes of the brams of mormal old
people who did not show dementia Oscac Vagt made a study of & small
seres of bramns of sery wntelligent old people who had dx‘ed wathout de~

ut of ey senes £y 15 exammed it
Is only Gellerstedt s that &5 on Tetord, so e are held up constantly by
the Jack of a ponn

Lorge Fredene D Zernan, whohay studied a Yarge number of brains,
tells me that there 15 no rélation between brain pathology and a previous
bebaviourst pottern 1 don't knos anything shout longewnty, so the
suestion s * Whet sre you correlating with what? You may get
corresponding gross snatomical pietures and yet not know what the
previous behavioyral hustory veaBly was

Kallmann Exen if something 15 so gross and conspicuoys as senile
plaques, we do nat yet know what it means m hstalogical and blo-
Chenueal terms

Lans Ve pad a fnm\‘g' where several members of & sibship—two
ssters and 6 brother—had died 6f 8 pre senile dementia coramg on at
the Bge of 4345 There were seven other sibs, and two of these (tdl
under 50} wase becorng forgetful and incompetent, and apathetic ¥re
were able to get biopsy speexmens of the braws of these two and they
showed arpyrophit plaques and other features found m Alzhemmer's
diseast Thus was an nstance where the bram changes, tahen m cons
Junetion with $he chnucal findings elwched the diagnosis durmg Bie.

Azcalaysen Tiare any studies been made of the owygen consurmption
of the brain under 1ATIOLS creumstances, i view of the fact that under
ondinary eondstions the birain 15 responsible for about 20 per cent of the
basal metatolsm?

Lty ) s, there are studies on that

Best Aze there studits an each partictsr disense?

Olfnch S es Schewberg Kety and Fazekss in Amenca have done
estimations of the blood reartuag the braun, the oxygen uptake and sugar
up !ike and they hase shown quite clearly that th correlation to the
:;5 n these cmes'!l)e’ hlood supply to the brawm is dimunished per 100 g

v . = ok that the sugar uptate and the oxygen
R . —antyne
senile dementu o1 4.4 ' T ©o
:«’Iz.h‘mner iype 0 I don t hrow whetnes + . E
' viwo lhh}gg_ Yoy sr:s Pplaques and you see fibrdiary chaugua, o u
| rsenle demeamd. Jos shp::zl. to the chnician or
e . L L @4 find thag there were no symp-
L v orrelate mortnd anatomy. cﬁs’yz,%es
o . e which does not correspond
FERA

Ity of & person to withstand the
Y oov it the thougtt that semething so

£50ss 53 senile —
dificult Fiaques s g tn relation to bram fonctian 5

to follaw
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Ollnich Ydontssy nomeatmng, only the asenbed mewing
Aallmann Lyven if there nre concomstant changes in blood sup ply or
Llood sugar or some other essential function the primary busis seems
to be some very spearfic metabohe defect 1 would think
Glbrich Do you assume that 1t 1s due to fat changes in the bram®
Ballmann Yes this may be a sntable working hypothiess
Dareeth It seems 1o be diffieult to evaluntc the twins data that have
been presented 1o us today sinee there 1s o strong tendency for these
s to sech the same sort of emvironnient  The object preswmably, of
twin experuments is to say that you have 4 common genotype astan tard
genotype and that enables you to exaluate preewsely the effect of the
environmental factor  But ths seems to me to be partly sstiated by the
fact that the twins do spparently Jugely seeh the same enyvsronment
and have similar expernences “ow m the one set of data that was
presented on monozygotic and dizygotie twins the mverage devinton
from the mean in expectation of life er accomplnhment of hife ir the
monozy gotic was nbout 3-8 per cent of the total length of hic m the
case of the dizygotic 1t was about 10 12 per cent The question that 1
would raise 15 did the experience of hie of the monozy gotic twin pars
wary by mote than 4-6 per cent? iho did the expenence of fife of the
duzygote twin pairs vary by more than 16-12 fer cent? If what one
measuring 1s sunply the result of the v tration 1 experience of ke then
the data on these twns are more or less meanngless
Lorge There are enough Amencan data to suggest that ¢sen under
highly dierse environmental conditions the simlanty of the mono
z) gotres 18 extremely consistent My fechnz s that the hallmann data
would certaunly exemphify for most of the eises o hemogenesty of
envronment whether 1t 13 sought that way or whether it 1s conditioned
but in those wstances where he s been nbsolutely able to scparate
out those who have had lughly diverse ens sronments he has a stuking,
homogenaty of resufts
Damelly That rases the pomnt &s to frow far these environments
really were so diverse  Toake human bou gs bving wn a eons thzed soetety
1 15 extrsordinanly difficull to ghe them reilly vaned emvironments
and 1f they are twins they seek the same sort of envronment. I suspect
that people worlang on twins ovescstimate the amount of dnversity to
suceeed 1n getting 10 per cent duversity of environmentngusten bigthing
Lorge 1 thinl either way they are & very important met] odologleal
wsue Whatdowemeanby sitantyofemywonment ¥ Thisconeeptofen
1h ty requires derabl ofinyestigation
Aaltmann It s the nfucctnc of twin studies to deternune the mode
of internction of genetie and environmental influences rathier than o
evalnate preessely the cffect of the enveronmental fictor  The popular
notion that the behavour patterns of onc egg twins resemble ench other
chielly beeruse of unusudl ssitarty 1o their early emvranments hns yet
to be substanbated  Actually 3£ 1t can be shown that one egg twins
seck the same envitonment  more frequently than do sibs ot two-epp
twns this prece of & ldence would strengthen rather than weaken o1y

correetly formulated genetre theory




METHODOLOGICAL PROBLEMS IN THL STUDY
OF CHANGES IN HUMAN PERFORMANCE
WITH AGE

A T VELFORD
12 Peyehotogseal Laboratory Camimdge

Yr1s relatuely easy in principle to obtan mformation about
changes of performance with age, but to gam an understanding
of the nature and causes of these changes 15 @ matter of un
usutl difficulty This is due partly to problems wherent in att
psychologeal research ond pattly to certam of these bemg
intensified when nge chonges are studsed  We shall not here be
concermed with laxge sesle fact finding wneshgations sueh as
surveys of the numbers of men 1 different industres or on
vanons grades of work These have been used i the attempt
t0 study human capaaity in relation to sge and when carned
on by personal enquiry rather than by ereulated question
nares, sre of yalue a5 mdicators of nsves for more intensive
study and as checks o theones formulated by such study
They are, howerer, il adapted te prowvide a tharough under
standing of changes of performance with age leadwg to
theorctical explanations or detaded solutions of practical
problems—therr use for these purposes 1s not mmpossible but
teneds ko b eiremndy Yabonous and espensive The reusun ys
that surveys which ave easy to make are 5o only because they
deal mith whole industries or factores o with classes of worh
such o5 shlled serm shalled and unshilled, whereas the dif

ferences of human demand are between mdundual operations,
::fs \::\Rxch many making o venety of different demands are
y weluded mn the larger groupings  We shall mstead

concenttate on the sethods of more intensive studies conssst
g firstly of usualty g

aud secondly of studses of

3 Yok
ina Yy

sctual work i tndustry etther &
Hy



150 A T Wevrorp

means of factory records or by dircet absers ation and measure
ment of mdustrinl performance
Four topres will especinlly be considered

{1) The relatis e ments of these different sources of data

{2) Problems amsing from the compleaty of the human
* mechanism

(8) Questions of motivation—are vounger and older sub
jeets equally willing to try thesr best?

(4} Certain other problems arsing from the need to com
pare subjects of dufferent ages or test the sume mdind
uals more than once

{1) Experiments and Industrial Studies

Exponments are well recopnized ns probably the most
powerful tool we possess for the study of human performanee
They essentially use tashs speaails constructed to bring out
some particular aspeet of performance such as speed of
accuracy of moyement or abahty to perform one or other type
of mtellectual operation  The tash may tahe any of an almost
mfinste sariety of forms from draw myg, Ires on paper or sorting
a pack of cards to simulations of hugh grode shilfs such as
f31ng an anrcraft or drnung a car which myvoh ¢ substantial
and claborate apparatus  Whether simple or comples thes
mm at obtammg a sample of the subjeet s performance under
controlled condsbions where a precise record ean be taken for
subsequent analysis

One important hmtation of experiments 1s that it 3s scldom
possible to continue them for a fong tume—usuaily a few hours
1s the maatmum and 1n most eases about half an hour 15 ol
that can reasonably be demanded of a subjeet This gres
nse to tno opposing objections  The fint ss that if older
people nre less reststant to fatipue than younger, they nught
be able to mmntan & performance for n short period at a
lev ¢l which would be impossible over a Jonger working speli
and the experiment would thus unduly favour older people



CrangEs 1~ Hustas PPREORMANCE WITH Ace 151

Smith {1938), for mstance, found in an expenment in which
?\‘x’\]o;:lat(s \vex?e regumred to assemble nuts and bolts, that the
Yowenng of performance between Ten n thew thurties and
fifties was somenhat greater for an eight hour spell than it
was over a penod of half an hour  The second objection 15
that »f older people are slower at learming an unfamihar task,
drfficulty shown by them i performing an expernment ught
disappear with Yong continued pracuee, and the espenment
would thus gee o {elsely unfavoursble wapression of thewr
erpacities

Thoth these objections tend to be exaggernted  What Tittle
we haow shaut fatigue n older people snggests that mentsl
fatigue effects may sometunes hevome smoller with age, st
{eask, wetdl (e sevtres (e g Rotwmuch and Shoek, 1852) As
regards ymprovements with practice, these have been studied
in a few faboratory experiments and appear, 1n some cases at

least te be i about the same proportion wn all age groups,
<uggesting thet aheal so 2 0 . o

reduced byl
would rema

951, p 64) uuwever our present hnowledge beanng upon
these problems 1s scanty and both would repsy further study
Meanwhie the pomnt would seem to be ya pnciple vahd that
the abservations made tn brief experiments need to be theched
sgamst long practised performances to sort out contwmuing
differences of performance from changes of capacity to deal
with short duration and unfamiliar tasks

These objotions do not, apply to studwes of wndustnal
work  Observation and mersurement of warh in wdustry
eannot be <o closels controlled as an cxperment, but are
ssually fmore so than other everyday activties and thus
provide tashs practised to an extent far beyord what s
pf“mll‘ﬂc wn the most protracted cxpenments, yet capable of
‘:‘n :\:s ‘::::\{: study i terms of output and & number of other

For the dearest rewdts expenmentat and indu
weed Qo b vhosely wteprated together Expe::;::l::ux?xz
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venfieation from mdustral my estigations, these need gud
ance from evperimental results and can i turn gne nse to
further expenimental enquury

(2) Problems arising from the Complexaty of
the Human ‘“‘Mechanism"

When we study the behassour of a whole human being we
are attempting, even more than 1n other biologieal studics, to
understand the working of a mechamsm of evtreme com
plexity which for almost all practical purposes we cannot
dircetly observe  We have normally to be content to deal
with relationships between behaviour and external vamables
impinging upon the orgamsm  As a result, inference bulks
large tn the bulding of hypotheses and mterpretations are
casly upset by new facts  Psychologieal theory thus tends
to be unstable, and, as older people often ghlght certamn
aspects of performance not normally considered by the general
run of human psychological work done almost exelusively on
young people, the student of psychological changes with age
frequently has to re think parts of lus theoretieal background
to provide a setting for hus findings

The most important result of this complexity, however, 15
that im estigations whether experimental or industrinl have
to sort out the effects of the many different mechansnis,
sensory, central and motor, contributing to a smngle final
result  This means that in experiments and direct studies of
industrial work it 1s often not suffictent to take n sumple
measure of performance such as amount achieved i a given
time at & single tash

We nced to expand our study n three ways first, by
mensuring performance under conditions which are systemat
weally varied to Iinmit one of the constituent mechamsms only,
warymg, for example, either the display of tnfarmation or the
sesponding action requred while heeping the remmning

conditions the same
Secondly, we need to take several diflcrent measures of o
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subject s performance 2 single score of overall achiey ement
Jeas ¢s out of account variations 1n the manner whercby ths
schicvernent was sttamed  Thus, one subject may have been
delberate and sccurate, whereas another ma) have been
quicher 1n s netions but bave wasted so much time makmg
errots that be has achmesed 5o more than the one who was
dower Vie need to measure 1anous component actions of
the performance separatelv, ending up deally with a double
anatysis both of what the subject has done 1 terms of ae
curacy types of error, form ete of s actions and also of
the time he has spent over each

Thrdly oll these scores need to be exammed for vanaton
dunag the cousse of the performance thus one subject may
start slowly and speed up while another mamtains an even
tempo throughout and yet another proceed by a senes of
bursts of activity with interyenng pauses

Many mmportant studies have been done without entenng
1ato this amount of detall and mdeed few have dealt with all
three types together but mgaificant differences have heen
<hown between age trends in closelv sumilar tashs m dofferent
canstitaent actions of the same tash and in the seral course of
performance so that each type of detatled treatment should
be considered and only rejected after making sure that 1m
portant data are not likely to be thrown away

The same consderations apply to mdustrial studies based
on produchion vecords  Figures for overalt output ean often
with advantage be <upplemented by records of wasted
matertat and foults and by figures for changes i all these wath
Yanations i the preaise nature of the job and over penods of
:ﬂe\:‘d This 1s not to say that significant use of production

s cannot be made without this extra information

but that there are sndications that it 15 1n such features as

tonl\mmls of actinity rather than oserall production that

‘l"‘o\\‘n)\ ‘ugm of change with age at indastrial worl. are to be
d
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venfieatin from ndustrial mestigations  these need gind
anee from expertraental results and can in turn give nisc to
further experimental enquiry

{2) Problems arssing from the Complexity of
the Human “Mechanism”

When we studs the behaviour of o whole human bemg we
are attemptmg, even more than m other bologienl studies, te
understand the worlang of a mechamsm of extreme com
plesity which for almost all practienl purposes we cannot
dircetly abserve We have normally to be content to deal
with relationships betwcen behaviour and external vanables
ampinging upen the orgamsm  As a result nference bulks
Iarge w the bwlding of hypotheses and mterpretations are
casily upset by new facts  Psychologienl theory thus fends
to be unstable and as older people often nghlight cortam
aspeets of performance not normally considered by the general
run of human psychologieal work done almost exelasively on
young people the student of psychologieal changes with age
frequently has to re thank parts of hus theoretical bachground
to provide a setting for his findings

"Lhe most important result of thys complouty howerer 35
that mvestigatims whether experimental or industrial, hase
1o sort ont the effects of the mam different mechanisms
sensory  central and mater contnibuting to a single final
result I menns that w experiments and dureet studies of
wmdustrial work b s offen not sullient to tahe a smpie
measure of performance such as amount aclueved m a goen
time pt a single tash

We need to expand our study 1 three ways fiest by
mensuring performance under condibions which are systemat
really varsed to hout ane of the constituent mechamsms only,
xarying for example either the display of information or the
respundmg action required winle heeping the remanmng
conditic ns the same

Secondly we need to take several different measures of a



Crronass 1v Hovas PERFORMANCE WITR A0S 168

snbject’s performanee 8 swple seote of aversll aclueyement
leaves out of account vanations 1n the manner whereby this
achievement was ttaned Thus, one subject may have heen
deliberate and ecoutate, whereas another may have been
quicker 1 his actions but have wasted so much time making
errors that he has achieved no more than the one who was
slower We need to measure vomous component actions of
the performance separately ; ending up, wdeally, with » double
anafysis both of what the subjeet has done m terms of ge-
euracy, types of errar, form, cte, of hus actions, and also of
the time he has spent over cach

Thurdly, all these seores need to he examuned for vanntion
during the course of the performance thus one sulbyject may
start slowly and speed up while another mamtams an ever

tempo throughout, and yet another proceed by a senes of
Bursts nf ant + be mebh wb w

i
mto

ttxree types together but sigmficant differences I
e 1 ..

ave been

uaa ate Lot hety to be thrown asay
The same considerations apply to tndustrial studies based
on produchion records. Figures for overall output con often
with sdvantage be supplemented by records of wasted
material and faults, and by figures for changes in all these with

varistions i the precise natur
¢ of the Job and over
time This 15 not to «a : Feocnon

5 that sigmificant use of production
;e::\*:l“sa‘c::;\\not be m;de without this extra m};;rmatxun,
ere are wdications that it 1s i such featur
:c;:x‘t;n:\tys Off nilmty zather than overall production e:hi:
Pl E8s of change with age at mdustrial worh are to be
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verification from mdustrial investigations  these need guid
ance from experimental results and can mn turn gne nise to
further expenmental enquiry

(2) Problems aristng from the Complensty of
the Human “Mechamsm”

When we study the behaviour of a whole human being we
are attempting even more than i other biologieal studies to
understand the working of a mechamsm of extreme com
plextty which for almost all practreal purposes we cannot
dircetly observe We have normally to be content to deal
with relationships between behnaviour and external variables
tmpinging upon the orgimism  As a resutt, mference bulks
Jarge i the building of hypotheses and interpretations are
casily upset by new facts Psychological theory thus tends
to be unstable, and, as older people often highlight eertamn
aspeets of performance not normally constdered by the general
run of human psychologteal work done almost cxelusively on
young people, the student of psychological changes with age
frequently has to re think parts of his theoretical background
to provide a setting for lus findings

The most mportant result of this complexity howeser 15
that myestigattons whether experimental or mdustral have
to sort out the effects of the many different mechansms
sensory, central and motor, contributing to a single final
result  This means that m espertments and direct studies of
industrial work 1t 15 often not suflicient to take a simple
mcasure of performance such as amount achieved 1n a gnven
time at a single task

Ve need to expand our study in three ways first, by
measuring performance under conditions which are systemat
weally vared to imit onc of the constituent mechanisms only,
varying for example either the display of mformation or the
responding action required while hecping the remamming

conditions the same
Secondls, we need to take several duffcrent measures of
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cubject’s performanees a smgle seore of aserall achicventent
Teaves put of account yanations in the manner whereby thas
achrevement «was sttmned  Thus, one subjeet may hoave been
debberate and acturnte, whereas another mav have been
quicher 1 hus actions but have nasted so much time muohing
ercors that he has acluesed no more than the one wha was
sower Wee need to mensure vanous component actions of
the performance separately , ending up, Weslly, With a double
andlysis both of what the subject has done n terms of we
curacy, types of error, form, cte, of hus actions, and ako af
the time he has spent over each

Thirdly, all these scores need to be examined for sanation
dunng the course of the performance thus one subject mny
statt stonly and speed up while anather matataws an even
tempo throughout and vet another proceed by a senes of
bursts of actirty with wtorsening pavses X

Many wmportant studies have hieen done without entenng
into this amount of detan and 1ndeed fon have dealt with alt
g\fi '»:p'es togethe.r, but significant differences have been
t

w w, sy tiat each type of detmled treatment shuulld
be eonadered and only rejected after making sure that 1m

portant data are not hikely to be thrawn anay

Ther camn T . . based
on . "
-t often

. s La aasted
LH:%;::‘ and i:}i:lts, and by figures for changes in all these with
— Thlsn : e ;t:rccxse nature of the job und over prriods of
s can‘n “{wb to sady that sigmficant use of production
bttt e made without this evtra information,
contim fc :tre indications that it 15 1n such features as
P g;{s (; ' ah tity rather than overall production that
toug change with age at mdustral work are to be
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(3) Motivation

Two questions nre often raised about whether older nnd
younger people are equallv willing to co opernte m ageing
studres, and whether unwillingness by older people distorts
the results The first 15 that the subjects of almost any
ntensn e study must for obyious human and practiend reasons
be volunteers, and it may well be that these are on ayerage
bolder and somewhat abler than ther contemporaries I so
and if the older subjects are, m fact, more ghly selected m
this respeet age trends i their performance mught be undulv
favourable The seeond question ts that expertmental tasks
are almost always artificsal and moy be regarded by older
people as tmvial and not worth serious effort, with the resuit
that age trends in performance might tend to be less fax ournble
than they ought

Wath regard to the first question most mvestigators have
found difficulty m obtaming subjects m mddle and old age
It 1s fanly casy to obtam men in their twenties, but i the
thirties and over they become mnereasingly unwiliing  Many
plend lach of time, or rause other diffieulties, or agree to come
and then forget These pleas are, of course, somctunes well
Justified, but it 15 quite clear that m most eases they are
excnses and that the real reason for unwillingness s fear of
beinp tested and 1 particulnr of domg badly and appearmng
foohish They seem to hnow well the popular opimon that as
one ndvances through middle age onc s abihty falls, and do not
wish to have this demonstrated upon themselves

1t has certamnly been our expenence that although many
older subjeets are unwilling to be tested, once they consent
they approach ther task with every mtention of putting forth
their best efforts ond are fulls as well motiated ns those
younger Indeed, 1f there 1s any dufference of miotisation it
15 on the side of the older subjects, and 1f their performance 1s
m any way adverscly affected by motiational factors it is
not by under-motiation but by over motnation leading to
anxiety with the consequent danger of disorgantzation
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Older subjects are, however, sometimes unw Hing to
sustan their ymtsal effort, The first instance noted among the
expenments by the unt of «which the writer was a member
was tn o extremely tntating, nowsy task which required the
subjects to make several long sencs of judgments with no
Loowledge of whether they were doing so cotrectly or not.
Tt seems reasonable mn this case to suppose that the older
subjects found the task disappotingly trivial and unrew ard-
g Subsequent wmstances, hovever, seemed to he duc to v
different cause They were all 1 very difficult experiments,
and what appered to happen was that the older subjects
would try the tash but then reabze 1t was bryond them and
greup A clear example of this behaviour 1s contamed 1 a
semies of expenments by Clay {1854, 1957} in wiach subjcets
hed to arrange pumbered counters on chequer boards to
add up simultancously to margnat totals on the raws snd

columns  She found that with o 8 % 3 board the tash was
done Wil nate am2 = . .

4wy eyt unanges appeared  Fime token yose {rom th
thirties through the forties and to the fiftaes but in the smu:
and seventies suddenly dropped There was, however, at
these latter ages & substantial increase wn the number of errore
r;mde and some suhjects faded to complete the tash  Results
‘;):ta § % 6 board were simslar but with the “break” appearing
Iy t;:en the forties and ‘{}fttes It scems as 5f the subjects up
ot bagtea ]::Jt which the “break” oceurted could complete the
P t‘xx{ 2 nfi extra ime and were willing to do s0, but that
They is subjects the task was situnlly mpossible,
e hmee i}}x:eshze thes fauly quiekly and gave up after o
e Jme They dud, 1n fact, tale the mnet sensthlo course
N c\em"lth'\t thewr
T
t Between th:a“tl puuter pertormance st and not
Pt 1\w exiremes of wrtatingly triviol and im.
y 1, older peaple scem to tmoy experiments
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onee they can be persunded to try and espeoinlly where they
can sce some results for thew cfforts beeome thoroughly
absorbed w the tashs

Motnation m ndustry should on the face of it differ
Iittle with nge sinee all the men or women studied are dong
thar dely work  There are however two suggestions fre
quently raised which would mahe this xiew too narve Re
sponsibibties for feeding clothing and possibly educating
cluldren which are normally lngh in the thirties and carhy
forties will for most men deehne m the fifties and might Jead
a4 man to be content with lower prece work earnmgs or to
transfer from picce worh to day work semewhere about the
age of fifty A considerable number of men do m fact move
from very arduous Jobsin ther early fifties (Tuchardson 1053)
and picee rate earnings show some tendeney to deehne at
about the same age but m view of strilung chnnges of per
formanee i experiments which also oceur at these ages it
seems doubtful whether such attitudinal fictors are mamh
responsible for the mdustrinl trends

The second suggestion regarding motssation m mndustry 15
that taeit agreements sometimtes exist m a shop or factory
that younger employ ces will work at less than maximum rate
worder to gine the old ones a chanee  or to ensure that they
will themselves be able to muntaun the pace when they are
older Very hittle 1o hknown defimtely about the cffects of
either of these factors

{4) Problems arising from the need to compare subjects
of different nges or to test the same individuals more
than once

What 1s probably the most reeadettrant and all pervading
mcllmdo\ogwnl problem for agemg studies derives from the
fact. that n human bemg earmes hns fustory with fum 1 ach
new situation 15 dealt with m terms brought from past expen
ence and 1 1ts turn modifies the expericuce brought to bear on
future sstuntions 'The organsm 1 thus constanth changing
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s present state cannot be fully understood without. some
yeferente {0 past €5 €nts and we can never pssume that it 1s the
same o bwo different occasions—indeed we ¢an be sure tt 1
not Formany purposes Yhese yanations mw Bbe unimportant
but they do st least for certam tashs, carrs three {mpartant
implieations Farstly part of the vanation betsween people of
different ages hiving ot any one tume will be due to the fact
that they were brought up under dilferent conditions, and
for the present population these differences are profound
Secondly ary study ot testing of an ndiidunl will wsell
affect his h to subseq) so that a pro
Jonged study cannot be wholly independent of the effects
of its own eather stages  Thirdly diffening expertence and
development serve to magmfy the vanations between sadisid
vals and may grossly affect thesr eapacities

Al this means that at the very least we must study groups
of people and compare substantial pumbers 1n order to assess
age changes  We cannot base any valid inference about the
average eapacity of older peopie from the exceptionally good
orbad performances of a few individuals or frora the oceasional
striung old men and women held up os examples of what
alder people ean do m industry politics and other walks of hife
We have to thmh 1n terms of axerage trends, yet even these
Tnay upon oceasion be of doubtful sgmfieance A common
finding 15 that the performances of older and younger people
say of a group 1 the twenties and another i the sicties show o
clear change of aserage performance but with & much wider
seatter in the older age group than in the younger—~many of
tg::i‘k:‘ group afe‘\\e“ within the range of the 16 noas

PP

o & + y4iudvme Who have po
or whether all have cf el at
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ﬁhangc followmg & non bpear fonction  Oeky - a0 ¢
5 an
se
th
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statement in terms of the proportion of subjeets attamng or
exceeding a given leve! of performance  Fartunately for ease
of statement the use of the mean does seem to be justified m
most mstanees

Other impheations of the réle played in human performance
by past experience concern problems of sampling and differ
according to whether the studies are {a) experunental or
wndustrial (B} eross sectional  examming groups of duffercat
ages m the population at one time or longiludinal folloning a
single group ot er 1 substantial period of time and (¢} mmed at
obtaming theorehical msight or at the solution of an immediate
practical problem  Each of these clnsstfientions 1s mdependent
of the others gng a somewhat unwiclds arrey of cight
types  The mdependence of {a) and {¢) may nt first sight be
SUrpisIng steee eiperirents tend €0 5o used m theoretieal
research and ndustrial studies in practieal problems We
have alrends ponted out however that industrial studies ean
contnbute sigmficantly to theoretieal 1ssues and there 1s s
gronang tendeney to use experiments as & means of furthering
practiend research

The obvieus difference between theoretical and practienl
studies as far as work on agemg goes s that the former nre
directed to an attempt to understand the nature of ageing
whereas the Iatter are concerned with problems such as em
ployment or social welfare to which the ageing proeess may be
an important but nevertheless ancitllary eonsideration The
matn methodolopienl difference between the two 1s concerned
with samphing for eross sectional studics

Cross sectional researches with a practical sum need to be
done with a strieth, representative sample of the population
to whom the practical sssues relate They pught thus require
a representatns e sample of the population of the eountry as =
whole, or of a particular town or factory or occupational
group The sample should be of the present ks mg population
in cach ease with no consideration of whether death disease
emigration education or any other eause has had a selective
effect on the older age groups Refincmpente 45 thie haar
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requrement way be needed af, im‘\t.ad of dcfxlu\g with @
present protlem, we are trying to anticipate one in the future.
We might, for mstance, need to control education to allow for
changes over Yhe Years i schooling, o health to u\lu_w for
changes 1 the treatment of dusease, but the principle is s‘tnll
ihe same—we ore attempting to predict o representative
sample of a future population, .
The essential Teqmrement for & theotetical study is »
sample w wiuch older and younger people are corparable,
This 15 much more difficult than n representatuve sample to
obtain with human subjects because differential effects of
death, disease, edueation, occupation and so on must be tohen
wto aceount, and 1 & vamdly changng world parts of the
economue, sotial, rnatensl and educational backgrounds of
subjects will mevitably differ with age even among people of
the sume status n every other respect. The probiems of ob-
taming romparable samples dffer between expermentsl and

industrial researches, and we will therefore deal with the two
types separately

Experimental Studies

The obvious procedure 15 to attempt to control the back-
grounds of the subjects 5o that the fferent age groups will
be equated v all ymportont tespects  Unfortunately, just
what respects are wnportaut appears to duffer from one task
ta anather m a manner which, with present hnowledge, s not
eolirely predictable There 15, however, some ey idence upon

three types of factor (a) edueational and ocenpational Yevel,
{4} occupational * skl

and (cj famuly relationshup,
(@) Level of educat 1 ¢ % : Swersu\’p h
t::nzh;m ‘thali d;t}g‘:es of performance with age arc less
eople of high educational or \$ v
Effects have been shown for arobleme mvvg?mm ol ‘?‘ é‘

feanrton

—

we ey, VID i = .
metse problems Ry 19" ¢ analogies qad solving snth-

45); recsll of a passage of prose and
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a “test of concentrated attention” (Pacaud, 1955) The
tashs have m common that they mvolve farky high grade
mtetlectual netivity, judgment or the use of verbal or other
symbols  With more strmghtfornard sensory motor tashs
differcnces of performance with educational and occupational
level are usually smali (Pacaud, 1955}

These findings may be Imhed with the result, often obtamed
m experiments and mental tests, that the difference with nge
between the best performers shows less dechine than between
those whose performance is poorer Tlus result occurs with a
wide variety of tashs such as the Matrices test and word
mevmngs (Foulds and Baven, 1918}, memory  both short- and
Iong term (Gilbert, 1941), and sensory motor tests {Pacaud,
1855} It 1s clearly another fncet of the tendeney noted eather
for varnmtion between mdividusls to mercase with age It
could n some eases be an artefnct i the sense that the tash
may not stretch the ablest individuals and may thus fad to
show differences at the lughest levels of alnhts  This cannot
be the complete explanation however and there scems no
doubt that age declines are less nmong the best performers at
feast i o refative 3 not always m an absolute sense

(&} Dffects of eccupational shills can sometimes completely
reverse o group age trend for o partteutar sndividual  For
example 1 an experiment by Szafran (1031} 1w which hand
actions had to be earrred out blind a subjeet aged #9 who
had considerable experience i dark rooms was able to do the
tash far better than any other subject tested cither younger or
older The connicetion between occuprtional shill and expent
mental performonee ia & ¢ase like this s clear and reasonably
casy to guard aganst when making up groups of subjects
Aspeets of shill and tendencies to action of occupational
origin do, howerver, appear sometumes to “work Joose™ from
therr ortginal settings and become generalized to performances
seermngly remote from therr ongmals  Tor mstance wm an
experment where subjects were required to throw at a target
(Szalran and Welford, 1939} an apparent slowing of perform
ance with age turned out to be due to the mnclusion of a farge
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proportion of servicemen the youngest age range  Subse-
quent tests confirmed that men with recent army expenence
pertormed the tash sgmBeantly faster than those who had
been 10 trvihan e throughout the second world war It
seems impossible to control such mfluences advance
wthout building up a systematic body of knowledpe on the
nebre and extent of neoupational “transfee™ effects Until
this 15 done thev must be rechoned as an unknown hazard for
the experimenter

{2y Contrel of famly el hp by ponng diferent
generations of the same famidy would seem to be an obsiously
desirable procedure 1n studies of ageing, yet 1t 15 one which 1
seldom used Doubtless this 1s i part due to the difficulty
that would be caused by the additional constrmnt tn the

selection of subjects but 2 may n part slso be due to the

v w s ultl hdve been
derponstrated in a pumber of performances, suchas intelligence

tests (Jones 1928) Tamnly resemblances sn behawour have
been shown to be in part the result of heredity and in part the
result of simlamty of environment

For a Jurge seale study we should take eare £0 see that the
nunbers m each age range are balaneed for these mnd wny
other background factots suspected as bemg of importance
For a smalt scale aumed at establishing a qualita
ave vather than an exact quantitative yesult 3t K prohably
;umc\mt to concentrate on subjets from one particular

ackground~say from a single factory or a unnersity
[:‘ii{:u!a‘twn The inferences we com oale wolt &~ ?

5 p w mesy anterent background u
28¢ range—n effect to do the exprmmont o= & n each
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Four other methods of & very different hind are sometimes
useful for ensuring or cheching the comparability of subjects
m different age ranges

(1) When we hnow, or have reason to beheve, that the
observed age trends should progress smoothly over several
age groups we can assume, provided our experimental method
has been ngorous, that any marked deviation from a smooth
progression 1s due to an aceident of sampling  What appears
clearly to be a result of this hind 1s contaned i an experiment
by Weston (1949) on changes of visual acurty m muddle age

(n) Some 1nvestigators, notably Thorndike and co-worhers
(1928) have giv en their subjects a prehminary task suchasanin:
telligence test, and selected groups in different age ranges with
equal means and scatters of test score This 1s undoubtedly a
powerful method of control, provided we know what the pre
liminary taskh measures Theinference from the experimentalre-
sults s, of course, affected 1n the sense that any trendisrelative
to that which would be obsers ed in results of the pre test foran
unselected population, but this, far from being a disads antage
opens the waytoarather precise method of assessing the relative
magnitude of age trends for dilferent types of human eapacity

() Somewhat simlar to this last method 1s one used by
Szafran (sce Welford, 1951), Kny (195%), Clay (1956) and
others which consists of presenting the experimental tash m
two or more different forms and noting the difference of age
trend between them  In all the eases erted one form has been
found to give much Jess age trend than another and we can
thus use 1t as & base hine for a relative statement about the
effect with age of the factor by whieh the one form of the tash
uffers from the other This method appenrs to be of wide and
rather simple application  Tts value will depend, honever,
upon the casiest form of the tash not being so easy that cvery
subjeet can do 1t equally well The tash and the method of
scormg must be such that some individual vanation can be
shown if the similanty between the older and younger sub
jects’ performances at the easiest form of the task 1s to be more
than a trivial result  In practice this means that m, say, a
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problem task not only correet nchievement but also time
taken rnd possibly scores indicating the maaner in which the
achievement was attaned need to be talen,

{iv} The most radieal method of overcoming the p'mblcfn
of comparability is to abandon the use of human subjects in
favour of ammals whose background and experience cnn.bc
npdly controlled. There 15, of course, some hazard in using
the Tesults of arimal expenments as an sid to the nter-
pretation of human performance, but snsofar as ageing is due
to Wolagieal p o d speeies, snimal
studtes would seem eapable of supplying wvaluable checks
upon human research  We may note that experiments on
anumal behavionr m relation to age seer ta show very much
the same trends ss human studhes, and thus tend to confirm
that envirommentst factors capnot by any means wholly
aceount for changes of hurman performance with age.

Longitudinal Studies

The diffieut h n cross-sectional studies can be
suaided by ffte v - o ' s
pened of ti . -
two diffteul

(o) The wmewiod essentiatly involves testing s subject’s
perfonmance and retesting it once or more later 1n hfe. This
Tequirement taemas that any sge effects are mextricably
mived with any Jearning effects. These latter can be very
matked For example, Hem and Wallace {1949, 1950) have
shown that substantial gatns 1 seore on an mtelligence test
are made when it 15 taken more than once even when the
subjects have no knowledge of therr success or fadure on
eathier geeassons, and that these gaws transfer to another
mtelhgence test, Thesr veswlts were, however, for tests piven
only onie weeh apart and thus may not be an entirely vahd
L:E)&ctmn_ tw Yongitudinal studses vsne intall mn H .
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of the results of longitudinal studies using materat of the
level of an mtelhigence test on more than one occasion.

With repetitine tashs such as sensory-motor skills this
dificulty can be at Jeast largely overcome Dy training the
subject before each test until he has ceased to mmprove with
practice  Unfortunately, however, this may takea long time
and male the test unduly time-consuming.

With problem-solving and other tasks where “msight” can
be ganed the task cannot be used more than onee and subse-
quent tests have to be done with sumular, but different
problems. The problems must either be equated for diflieulty
or must be presented to dufferent subjects 1w different orders
m a balanced design  Even with dufferent problems, however,
substantial learning cffects 1 the way of tackling partieular
types of problem are Iikely to enter, so that the longitudinal
method would scem seldom approprinte for the study of per-
formance at this hand of tash

{b) The obvious objection to longitudmal studies that a
very long wait 1s required if the study 1s to span a substantial
part of o man’s life, can be overcome i some cases by using
animals. Where ammals are unsuitable, 1t may be possible to
resort to & muxture of the longitudinal and cross-scetional
methods A group of subjects covering a substantial age range
15 tested and the same group s tested again after a pertod of
years For some functions this period ean be as short ns five
years, as with Weston’s (19 49) experiment already mentioned.
For most tashs, retesting subjeets nt ntervals over o penod of
ten fo twenty years would be better, This method has been
httle used because although it averds the neeessity of ex-
tremely long wasts st still requires, with preparation before
the first test and analy sis of results after the second, a term of
years longer than any research team on agemg has yet been
able to Jook forward to with confidence

Induastrial Studies
Problems of equating subjeets for education, occupation and
other background features do not usually anse m sndustrial
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studres beeause these normally relate age and work done and
co contro} them sutomstically They bave, howeter, ther
own problems of control which depend upon the type of
mdustrial dats used

(6} Production zecords or studies of actual work, done
pronde what ate at first sight the most valuable and forma
tnedata on performance, but are subjeet to serious hmtations
The most important of these s that n mathed fall in produc
tivity would be unlihely to be tolersted for Jong by either the
employer or the man concerned, sa that if productivity {alls
much s a man becomes older he 1s likely to move or be
moved to another Job  Glder people left on the job will thus
e unrepresentative of thewr age group andnferences based on
their performance will be vnduly faveurable to older people
Selection 1 the opposite direction by pr will also
oceur although probably less often and maoy result i nge
trends appeanng unduly unfasourable to older people We
tannot without further enidence be sure w any particular case
that these two selectn e trends balance Progressive selection
of this kind 18 not overcome by a longtudinal study of men
who hiave been on the same job for a long penod of years,
because the fact that they have been so may imply that they
are a selected group whose performance has dechned or nsen
1ess than that of others

Studies of work done in ndustry, whether cross sectional
or longitudimal are thus sald only if labour turnover and
travsfers to other jobs are neghmibly small  Ideolly they
requite also a substantial group of people well spread over
the age scale and alf doing exactly the same work, since what
are minor vanations of work from the imdustnal pomt of viesr
aﬂz 1m{1y "ialor dufle tn the psychologieal 4 d

work makes This requirement 1s ve so

i mdustry but can be at least partly o\zeo:im\?y s:e?:gzd
each man's performance to the average of &
cular age range— s o men m a parh
s dmgn mge say the thirties—or 1n the whole group who

Te domng the St\m:owntkr Wa::::vxtz {1946) has used such

P with another in
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his extensive and 1mportant study of industrial workers n
Holland

(8) It can be argued that if productivity figures are 1n-
validated by progressive seleetion i favour of the most able,
the age distribution of the men remamning on the job should
give an wndication of whether capacity to do the operation
remams high with advancing age or declines  The nge distni-
bution for & job may, of course, be affected by factors such
as age policies in the factory eoncerned or the age structure of
the Jocal population, but comparing the age distribution of one
10b, or group of jobs, with another 1n the same factory would
scem to be a possible method of obtamming data on eapacity
m relation to operation  The data 1s crude, lacking all the
subtlettes of detatled studies of actual work done, but 1s a
better method to use than production figures when Jabour
turnover 1s high

Age distributions may, however, be misteadmg 1f, as often
happens, there 1s a poliey of recruiting young people m
preference to older, because they will then be dependent upon
the history of the yjob If the job has eapanded, the age
distrtbution will have too many at the young end, if 1t has
contracted, too many at the old It will for the same reason
also be affected by such factors as the availrbility of labour in
the district and competition with other jobs Esen where
such a recruitment policy s absent, 1t may be diflicult to
deerde whether a shortage of older people on a job s due to
thewr faling to mamtam performance or to ther finding
difficulty n learming the job with consequent restriction of
placement  Age distributions are, however, by far the casiest
industrial data to obtain and would scem capable of giving
valuable preliminary information for comparing ane class of
job with another prosided due precautions arc taken to ensure
that the recrastracnt poley and story 15 simdlar for both
Work by Murrell, Griew and Tucher (1950) has provided a
striking cxample of stabihity in dilferences of age cistribution
between Jobs over a pertod of eight years i a situation where
there was no ascertmable scleetive placement
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{e) The most wehable entenon of duficutty for atder peaple
215 10b 15 that substantial numbers Ieave at a relatiely estly
age The rebabiity s cleasly greater for men s wark than for
women § and compansons begssesn Yobw 1 terms of age at
which peogle leave must e made scpavately for women aud
men People transferred within the factory 1o other Jobs must
Demcladed as w6l as those who leas ¢ altogetter “The reastms
gien for leaving or transfernng should be regarded with
caution Clearly when people leave beesuse of gross disease
of move from the district for Tamily reasons we an bordlv
Tegard thewr decssion s bewng wflucnced by o gros ing diffieuity
with age at mmntamng performance at their yobs Reasons
such as this are however Dikefy to apply equally to all jobs
and ¢ not to affect comp betucen them  Other
rasons such as disag with dissatts
faction and even as Richardson (1903) has ponted out many
eases of sckness do veerm £ be assonated with Jobs which we
should expect on other grounds to become & stramn as prople
grew older Indeed b would seem that in the absenee of
wtrang mdieations to the tontrary ol moves from jobs com
pared shouid be counted repardless of veason A possible
t<teption to tis 15 where people leave for promotion or a
better pad Job and 2 mmote ngorous entenon would be there
f6te to count all moves to lower pad work for any reason
other than serious meapacity due to disease or acexdent and
E:ﬁ\l';xe sedundancy  Apyone foolmg at thanges with age
bmerowe;er stareely fail to wonder whetber many moves to
becomf:‘g{gf:kcii oway f“’”’ 10bs shich would soon have

Two uporter
?dd may be me;

0)
v ::“n;iz ‘:‘c 30‘?}‘ " . aunssntial numbers leave relatyy ely
A ether early signs of stram can be detected
o &ng methods or manners of work, The second 18
ot oubort xeehmque of taking a group or set of
wfferent nres and follown th o groups
oY a8 e ghace of w 0g them over a nurmber of years nat
otk but alsof they Yeave to go elsewhere
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Ius extensive and tmportant study of mdustrial workers in
Holland

(b) It can be argued that if productivity figures are m-
vahidated by progressive selection m fas our of the most able,
the age distribution of the men remaming on the job showld
grve an mdication of whether capacity to do the operation
remans ngh with advancing age or dechnes  The age distree
bution for a job may, of course, be affceted by factors such
as age polieies 1n the factors concerned or the age structure of
the lecal population, but companng the age distnibution of one
Job, ar group of jobs, with another m the same factory would
scern to be a possible method of obtaming data on capaoity
m relation to operation  The data s erude, Inching all the
subtleties of detailed studies of actual work done, but 15 n
better method to use than production figures when labiour
turnover s lugh

Age distrsbutions may, however, be nusleading 1f, as often
happens, there 15 o policy of reerwting young peaple
preference to ofder, beeause they will then be dependent upon
the lustory of the job If the job has eapanded, the age
distnibution wilf have too many at the young end, 1f 1t has
contracted, too many at the old It will for the same reason
elso be affected by such factors as the avmialihity of labour in
the distriet and competition with other jobs  Eien where
such o recrustment policy 1s nbsent, it may be difficult to
decide whether a shortage of older people on a gob 5s due to
their fmbag to mamtam performance or to ther finding
difficulty i learming the job with consequent restriction of
placement Age distributions are howeser, by far the easiest
industrial data to obtam and would seem capable of giving
valuable prehminary mformation for eomparing one sy of
job with ancther pros ided due preeautions pre taken to ensure
that the recruttment policy and Bistom is sinnlar for both
Work by Murrell, Gricw and Tucher (1056) has provided a
strihng gmmplc of stability 1 dhfferences of age distribution
between Jobs oter a period of eayght vears i a stuation w here
there wAs no ascertamable sclectine placement



Caanges 18 HusAn PERFORMANCE WITIL AcE 167

(¢} The mast rehable enterion of difficulty for older {mop\r
at 2 job 13 that substantial numbers leave at 2 relatively early
age. The rehability 1s clearly greatee for men's sworh, than for
women's and comparisons between jobs sn terms of age at
winch people leave must be made sepurately for women and
men People transferred within the factory to other jobs must
be included as well as those who leave altogether. The reasons
geven for leaving or tr ¢ should be regarded with
caution Cleasly when people leave because of gross disease
or move from the district for family reasons we can hardly
Tegard thor decision a3 bemng nfiuenced by a growing dsfficulty
with age at mamtaming performance at thewr jobs, Reasons
such a3 this are, howeser, Iikely to apply equally to all jobs
and th not to aflect comp! b thera. Other
reasons such ns disag ts with t. dissatyse
faction and even, as Richardson {1953) has powted out, many
cases of siehness do seem to be associated with jobs which we
should expect on other grounds to become a strain 33 prople
grew older Indeed, st would secem that 1o the almence of
strong idieations to the contrary all moves from jobs com-
pared should be counted regardless of reason. A possible
exception to this 18 where people leave for promation or 2
hetter pad Job, and a more ngorous enterion would be there-
fore to count all moves to Jower pard work for any reason
other than semous sncapanty due to disease or acaident and
genuine redundancy  Anyone lookng at changes with age
cafl, however, searcely fail to wondes whether many moses to
better paid work are away from jobs which would soon have
hetome pevrarm P4t — t 1

Two . - [ .
fildwma .

formance av Jous wiere substantial numbers leav vely
young to see whether early signs of stram can lﬁcrfll::;::g
w changing methods or manners of worh  The sceond 15
fo 1se the cohort techmque of taking s group, or set of groups
aof different ages and following them over a namber of yeargnot
only at one place of work but aleo of- they feaveto goelsewhere
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Conclusion on Methodological Problems

It seems clear that many of the methodologienl problems
commonly supposed to attach to the study of human perform-
ance m relation to age are less serious than they ore usunlly
believed to be  Difficulties ansmg from the brevity of labora
tory evperuments can be met by studies of work m industry
Mot ation among older subjeets does not seem to be a serious
problem The bewddermg complewty of human enpaoity ean,
at least to a considerable extent, be sorted out Various
beckground factors affecting the comparabihty of subjects of
different ages can be controlied

On the other hand, 1t scems equally clear that ne one way of
studying agemng 15 wholly frec from methodologeal objections
and that we ean thus seldam, if ever, draws ecrtam conclusions
from a single expeniment or mdustrial studsy  In view of tins
it appears wiser to carry out several small seale studies using
different methods rather than coneentrate the whole research
cffort on a few large scale i estigations  Escen a study using
thousands of subjects recrinted haphazardls would be at the
merey of possible samphng ervors  The use of a number of
small seale stuches ench controting different 1 anables enables
us to gather on our way a great deal of salunble mformation
upon the effects of varous bachground factors mfluencing age
trends, and although giving a massy of data which 1t may often
be difficult to mtegrate, holds the promuse of the attamment of
results having o greater degree of generahity
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MLETHODOLOGY OF THE STUDY Or
INTELLIGENCE AND EMOTION IN AGEING*

Imvine Lorce
Feachers College Columbrn Unitersity e York

As more and more mformation about agemg beconus
avalable, 1t becomes clearer and clearer that the mterprets
tion of the evidenee depends upon the methodology utilized
and upon the assumptions underlying it The apprasal of
cagtive functions and temperamental trauts depends upon at
least three major consideratsons (1) the means for measuring
and cvaluating intelleetual behaviour and emction, {2) the
sampling of the populations to be tested or studhed, and (3) the
methods for obtammg the measures of abihties and trats
at different ehronologieal, physiologreal or brologieal apes
These factors, of course are not mdependent smee the hinds
of tests, the sorts of people and the successne chranologies
mteract

Despite the fact that the major concern of thes paper s with
the measurement of intelligence and emotion in agetng, the
first topte will be that of the dufferent methodologics for
obtaming data about trasts, functions or processes as relnted
toage In the study of humans, 1t ss diflicnlt to heep separnte
the relatine contributions of heredits, environment and
maturation, whether 1t be growth from mifancy or docline
toward seneseence  In studies of phy siologieal or anatomiend
trasts, the researcher may be able to mamtatn close control of
the environment, not so i behatoural studies of ammals or
of humans The appramsal of the contribution of heredity to
the learming abibity of dogs g es some indseation of the com-
plextties miolied m mauntanug & stable and controlled

f with aspects of & The wb

. ¢ te primasily f dotoyr
smnﬂi’ﬂ‘x‘ﬁ!ﬁgs h‘:w Deeh ey jewed recentdy (Lorge 1038 aanl )
350
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environment  In the studies of humans, lm\\c\‘cr, cn\u‘:n
mental controls are mpossible  Thevery under
hich humans tne mtraduce factors waking for variations in
behaviour Indeed, it has been suggeste}i :hat ‘thc age of ““f
parents may be a factorm p AN oy N
for subgroups of chiidren  Ameng hutmans, there must be o
secsprocal relationship between the elfect of edult behaviour
on chuld bebaviour (Ruess, 1954, Scott and Marston, 1950)
Additsonal sourees of vanability are introduced by sampling
different subrultures within a geographic umt, or by samphing
at the same time different cultures The soeio cconomie
environment of togay must affect the behavioural growth,
develop and dechine, differently from the setting of the
or the tances of the ancient Egyptuan
dymasties  Dhfferent cultures at diffetent times duffered
their ways of caming for the young and the old, of inducting
their children wnto their socety of worhing to produce food
and serviees and of mantaimng the social values and mores
The sery setting—social economie, yoeational—must have
affected agemg not only wn physiology but. also 1n behavour
On aceount of the difficulty of controlling the ensironment
of humans most of the ewidence about the relation of be
hasour ta age bas been obtamed by the * cross sechional”
method Essentially the eross sectional approach at its best,
studtes some trait {or series of traits) in more or less Tepre
sentative samples of speafied age groups m a
where age usually means chsonol

n

population,
1 age The desid
has been to select at each age a representative (and suf
ficently Jarpe) sample of five year-olds, ten yesr olds, et
Galton's pioneer measurement of heanng, seemg reaction
Ume sense of perpendiculanty and jud {Ruger and
Stoesigger 1927) and Jones and Conrad s {1238} evidence
about the growth and declne of mtelligence were made by
the cross sectional method  The baste sssumption 1s that
samples of successsyve age Broups are equis alent except for the
changes whuck age brings The assumption, hawever, 1s not
consonant with the facts, for 1t should be ohvieus that
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samphng and evalusting hving samples mtroduces a bins.
The survivors of a cohort at any age must differ somewhat
from those whe sucenmbed to thc wieissitudes of hfe (ef,
Thorndike ¢f af., 1934). Equally significant, BIOTCOVCT, 13 the

fact that the samplcs of differine oo = : i
different ene=~ . ‘ . = T
ve'.o . Lt . . .
ane - - . . . . e e
dat,* - - - - win o cartied.

T | iusssectional method, therefore, allows commpamenns
between measures of differine eve - P
estimgtas ~} ‘ . . .
change . - . ~ e niee pbont changes
brougl * - s tue agetng proeess s the Jongrtudimal or

follow-up, Essentinlly, the longitudinal method, at 1ts best,
studics some trant or tratty w the snme sample of individunls at
suceessive pertods i ther hves  The folow-up studies of the
wtellectually mfted (Terman ¢ o, 1917), of the yocatronal
carcers of adolescents (Thorndike of al., 1238} and of the inteth-
gence test performances of college students thurty years nter
{Owens, 1958) are tymeal longtudmal studies  The assump-
tion haste to the tcthod 1s that nature (m the sense of genetie
constitution} 1s more adequately controlled wince the same
ndividual 15 being esaluated at different times durmg his hfe-
span. It mast be reeogmzed, however, that any cohort, to
somce degree, may be a funetion of its own speinl (nviron-
ment. A cohort horn in 1836 wonld hove been brought up in
cireumstances differing sigmficantly from that to which the
cohiort now being barn will he cxposed  To thiy degree, then,
the longitudinal method, by the very homogenerty of environ
ment for any cohort, has some hmdations The ditheulties i
maintamung effective Basson with all members of the cohort
or its sample, of heeping and trauung a foyal and «fheent
reseasch stafl to do the testing, arc not nearly vo crucial gy are
the difficultses mtroduced by the impaet of social, political,
cconomie, or military events on a speeific eohort over sty hfe
span. Except for Owens’ study of mtcdhgence and Kolmann's
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researches on the somal and intellectunl data of senescent
twm purs (Kolimann, Ferngold and Dondy, 1951), mast
longitudimal studies have been concerned with the esaluation
of growth and development 1 the period from ealy faney
to early matunty The pnmary wnadequacy of follow up
stodes has been 1ts relative mllexatuhity to capitatize on the
d % of new techmques for the t of trmts
or processes Were » new method discoy ered for assessing
emotion or mtelhgence ot Hlood chemistry, the researcher
would not be able to cbtawm retrospective mensures of the
trait  Oceagionally, the need for repetitive measurements i
the same sample at different himes 15 elimmated hecause the
generahzation was established by the cross scetional method
Obviously, the two methods are complementary  In the
ageing process, it 18 recommended that both methods be used
simultaneously to capitalize on the advantages of each The
praposed methad 1s tentatively named as the combined over
lepping method Essentially, the method would mvolve the
selection of representati e samples of mdividuals at specified
ages (as 1 the cross sechional method) and to follow each of
these samnples for & number of years (as o the longtudinal
method) There then would be a number of cohorts, each of
which would prowde data at any time of age differences
between coborts and, after a period of study, an apprasat of
age changes within each cohort, as well Moreover, the relative
consistency of the resuits for dufferent cohorts, reaching the
same age would supply evidence of the effects of selective
chmunation by death or acodent The mtroduction of newer
techniques, furthermore, would be facihitated, simee the tech.
mque could be apphed to any cohort over its shorter run of
years The combined overlapping method thus could provide
evidence sbout nge differences and about age changes
Any method may be made more 1 a}

ble by the utthzatio
olsetrospective data, e g ns Kalim, o y y
2
15 the stngsbent fenn s%u nb bas done so successfully

dy (cf Goldfarh, 1955) Retrospee
Z:’e ??c?’ {;vhether supplied by the mdividual uixder stud’; or
pp! ¥ others (parents, teachers, physicrans, ete) can
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greatly enhance the value of data collected by any method
In personality apprawal, retrospectne cvidence about the
parents’ values and attitudes may be elucs for the sources of
the underlying motinations 1n their offspring  The mfluences
of early learning upon later learming mas have profoundly
affected not only the behnsyiour of the elnld as o cluld but ko
that child a5 & matunng and mature, adult {cf Hebb, 1918}
The hmutations of retrospeetive data must be recogmzed such
evidence may be somewhat less rehable than data coliected
more speeificnlly and more objectnely  Retrospeetnne data
may be mn error to some degree depending upon the recency
of the event, the frequency of its oceurrence, or the tendenes
to schematicize the evidence according to seme preconception
about what should be reported

The method for acewmulating evidence therefore, mtro
duces some special problems 1 the interpretation of evidence
A second sort of methodologienl concern relates to the
representativeness of the samples of the population of dif
ferent ages in cross sectional study, or of a cohort for a loug.
tudinal study  Wesman (1955}, indeed indieated the scope of
problems mvolved 1 obtmmng a representative sampling of
adults at different ages for standardizing an witelligenee test
The persons to be tested must be selected to be representatne
of the population by scv, edueational attamnment oceupation,
residence (urban rural), geograpiue regian cte  In addition,
the person so chosen must be willing to eo operate by talang
the test, and the exammer must be the hind of person who ean
Lecp the willing subjeet sufliciently motnated to make hun
willing to continue for a fairks long time an experience that
may be occastonaliy frustrating

Since the optunal resolution of these complen factors s
achieved but rarely st 15 obyrous that eross sectionaf as well
as longpitudingd, studies suffer from some Lind of bins i the
samphng In apprawsing the intelligence of a cohort {Terman
¢tal, 1037, Onens, 1053), the buas has been toward appraiang
the ability of either the more intelligent or the better adyus
ted, or the abiity of the mnstitutionnhized old or mentaily
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disturbed in homes and hospitals. Henee,a major dm‘tclllty in
spprasing the ageing population depends on the biases in the
samples selected and co-operating in the enterprise, as well as
the mewitable bias that death and acaident bring.

Fmelly, the major 1s5ue Tests upon the methogd used for
apprasal of the trmt or the abihty or the emotional adjust-
ment of the mdwvidual chosen for the sample. As a psycho-
togist, T am all top aware of the fact that st s not possible to
suggest a useful means for evaluating the emotional ndjust-
ment or personality of mdiiduals, especially over the wide
range of adult ages.

Wheneser sooal adjustment 15 measured wn terms of good-
Tess ot adequacy, 1t will eorrelate positively with measures of
mtelligence. It may be surmmsed, however, that the soctal
adjusiment or the sovtal competence of adults will show
dmmshed relatronstup with test mtelligence with inereasing
age Brody (1942) concluded that socsal adjustment or

Aomande ¥ T e

as ae ot

pmdr\m'
gence)

‘il he a tunction of the overlap 1 the meanings of mkc!hgcnc‘c
and soral adyustment or competence. It s, however, the
vartation among these meamngs that constitutes ane of the
majer problems wn the mterpretation of the results i wtell-
genee and w adjustment. The long controversy over the
relatrie influence of nature and Turture i the dey elopment of
miellectual performances of children and youths basieally
fests on the among the of

ntel) et
;’ leh t!;vence and among the methods for apprawsing mtellectusl

Inteltectual behav o
0 make gt ehaviour may be concen,e\i a3 the cap;

acity

wtolls 1 2v s N and A

. w we e uevelopment and perh:
quent dechne of funetion n the hving urgamsr‘:\ aps subse-
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greatly enhance the value of data collected by any method
In personabity apprasal, retrospective cvidence about the
parents’ values and attitudes may be clues for the sources of
the underlying motiyations in their offspring  The influences
of carly learning upon later learning may have profoundly
affected not only the behaviour of the eluld as a elild but also
that child as & maturing, and mature, adult (ef Hebb, 1019)
The hmitations of retrospeetive data must be recognized such
evidence may be somewhat less reltable than data collceted
more specifically and more objectively  Retrospective data
may be 1n error to some degree depending upon the receney
of the event, the frequeney of its oceurrence, or the tendency
to schematicize the evidence according to some preconception
about what should be reported

The method for accumulating evidence, therefore, ntro
duces some special problems in the mterpretation of evidence
A sccond sort of mecthodological concern relates to the
representatis eness of the samples of the population of dif
ferent ages in cross sectionnl study, or of a cohort for a long:
tudinal study Wesman (1855), indeed, indieated the scope of
problems 1nvolyed n obtaming a representative samphng of
adults at different ages for standardizing an intelhigence test
The persons to be tested must be sclected to be representative
of the population by sc\, educational attamment occupation,
restdence {urban rural) geograplue region ete In addition,
the person so chosen must be willing to co operate by taking
the test, and the exammer must be the hand of person who ean
heep the willing subject sufliciently motnated to make him
willing to contmue for a farly long time an experience that
may be oceasionally frustrating

Since the optimal resolution of these complex factors 1s
achiesed but rarely, it 1s obvious that cross sectional, s well

as longitudinal, studics suffer from some hind of bias m the
- ~ et + M ~cnce of a cohort (Terman

1s been toward apprsing

1gent or the better adjus

snalized old or mentally
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1o estimate the relationshup of the tashs (or the combination
of them) to various enterta that sensible people would suggest.
1t 18 cbvious that if speedy behavsour 1s the enterion, the tashs
must snclude some measure of quchness Other entena,
hawerer, such as the Inghest level of thought a person can
perform, require the constderation of tashs that will enable
the apprawsal of the level of thinkang that the mdividual can
3o successfully Nesther enterion s sufficient, others must be
cansidered  Nor should a test be rejected because 3t gives
s farr estmate of one and not of others  The snterpretation
of mental test results depends upon their affihations with
entena of success i adult hie

The scores dersed from mental tests muolung some
samphing of tasks 1s arbitrary The weights assigned to these
tasks are esther based on the judgment of experts, or on ther
relation to some outuide cnterion, usually another test of

telk , or on a comt of judgment and validation
herefore, of the credits 1s arbitrary tothe degree that
the enterson does not fully reflect the vanety of mtellectual
performances that adult life requires  In a sense, then, tasks
ivolving speed, pereeption, thought and performance lead
to an undifferentiated msture predictive of some hind of
average ability if these aspects are postively velated They
may fal even n that, if, let us say speed and thought are
negatively related Furthermore, the nature of the score 15
such that the zere of whatever ability 15 being estimated s
notknown Thus scores cannot be added, subtracted, divided,
or multiphed meamngfully OF course, such scores can be
i'tnakdt o mdicate the hihelihood of that much ahihity m refer
po;;l:nz':,me Smt“‘i’“d population  But agam, the standard
s (Dmus e clearly defined Too frequently the
weold take :h:‘t:‘s’;mg) population 35 an ad hoe group that

g
The sum, i

The g
another gl‘;‘y"iﬂ}rof mteltectual behasiour further suffers in

here 15 considerable uncert:

" amty as to the

’!}ﬁ;&: :j which the person achues s a successful performanee
me atem, a child or a youth or an adult or a semle
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The apprasal of tellectual behayiour, however, s not
casy Ewsting measures of mntellectunl ability suffer in cone
tent, arlutraniness of unis, nnd smbignty 1n sigmficance,
In content, the tasks are vamed-—words, numbers, space
relations, wnformation, pictures, nnd the ke Certamls, the
sampling of these and of other tashs must be representative
of the array of tashs to which o person must respond m the
course of a fetime  Binet and Sumon {Binct, 1908) empha
sized, m therr selection of tasks, the hinds of problems and the
varicty of adequate performances that are related to n eluld’s
hife and expenence and vahidated the goodness of response
agamst a enterion of school success  T'o a degree, then, these
tasks represented the range of cultural ncquisitions wncluded
i school curriculn  For Binet and Stman such a samphng
of intellectual tavhs was, and 15 reasonable  In eppraming
adult mtetligence, howerer, it may be more reasonable to
sample tashs from the range of evperenee that adult Ife
affords Unfortunately, this hirs not been done  Most of the
tests used to estimate mtelhgenee of adults are varations of
the same hind of tasks used to predict sehiolastie success of
youths and cinldren  Wlule it 15 necessary to obtam informn
tion nbout the sucecss of ndults 1n wuch tashs st 15 mote
necessary to ebtmn a ropresentatine samphing of tashs that
wili apprawse adults m terms of a compley enterion of suecess
mn the mtellectual requirements of vocations, lersure hime
activities, care of the young cconomie adjustment and th
ithe The criterton of alulity to karn ma3 hase to be enlarged
to cover arcas other than sueeess with sehool work

The sigmhcance of measures of intelhgonee depends upon
the criterion Iven sn the oluld and youth range the eriterton
for the telleetunhty of porformance s far from perfeet In
the adult range, there must be an attempt to obtam an ade
quate enteron for mtelfectual behaviours or comversefy (o
find out whnt the tests do measure I the ensterson for adult
sntelligence were hnown, then the tashs could be sdected and
weighted to manimze the relationship brtncen the tasks and
the criterion Since it 1 not known the best that can be done
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15t sstimate the relationstup of the tashs (or the combination
of them) to vanous erstersa that sensible people would suggest
1tss obwious that if speedy behaviour is the entenion, the tasks
must snclude some measure of gmchness Other critens,
however, such as the hughest Jevel of thought a person can
perform require the consideration of tasks that will ensble
the apprassal of the level of thinlang that the indivadual can
do sucressfully  Netther crterion 1s sulficent, others must be
considered  Nor should a test be rejected beeause i grves
1 fair estimate of one and not of others  The wterpretation
of mental test results depends upon ther affftabions with
entena of suecess 1n adult hife

The seores derned from mental tests nvolving some
sampling of tasks 1 arbitrary  The weghts assigned to these
tasks are esther based on the yadgment of experts or on ther
relation to some outside enterton, ususlly another test of

telbgence or ona combination of judg and validation
The sum, therefore, of the credsts 1s arbitrary tothe degree that
the emterion does not fully reflect the variety of mteflectual
performances that adult hife tequires  In a sense, then, tasks
smvolving speed perception, thought and performance lead
to an undifferentiated muxture predictsse of some hand of
average ability if these aspects are postively related They
may fad even in that, of, let us say speed and thought are
vegabively related  Furthermore, the nature of the score 15
such that the zero of whateser ability 15 bemng estimated 15
nothnown Thus seares cannot be added, subtracted, diwided,
or multiplied meanngfully Of course, such scores can be
sesled to indieate the ihelihood of that much ability in Tefer
nce 1o some standard population But agan, the stamdard
Z&ﬂgﬁy}om“t be clearly defined Too frequently the
would take :h:‘:‘;‘s‘:‘“g) population 5 an ad hoe growp that

G ;tapprmsal of intellectual behasiour further suffers in
pms:b\;ngh :‘::}e‘re 15 considerable uneertanty as to the
o the e :c e person achieves a suceessful performance

tem, & child ot & youth on 2m 2dalt ot B serole
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person may gse a correet (from the pomnt of v1ow of the hey
response — but the child may have prien o response of
the basis of ressoning and the adult on the basis of rots
memors  The erecht 1s arbitrary but the sygnificance of the
eredsts depends upon the eriterion and the degree to which the
process 15 affihated wath that enterion

It may be asserted that the nature of the cnteria for adult
mtelligence or mtelhgenee m any age range condiions the
nature of the sampling of the tashs to be meluded m a test
Indeed, there mas be some pomt m demonstrating that
measures of mtelbgence for ehtklren are Inghh predictnve of
measures of wtelhigence m adufts  To the degree that the
relationship s Iugh the mference would be that mntelbgoncee 1s
siugtar in the two groups or that the enitera for 1t are the
samc  Nevertheless, the very sariety of tashs i mtelligenee
tests mav be such as to rediee the relationship of measures of
mtelhgence over time  or wnstance  Therndihe {19%9)
nsmg the apparenth homogeneons measnre dersved from the
Stanford Revawon of the Binet Simon shaws that the relation
between retest coefhicients varies with the amount of time
between retests  For repeated Bmet canunahiens gnoen
within a single month the corrddntian s approximateh, 0 89
antd for repeated exanunations five year apart the corrddation
s approvmateds 8@ "0 Part of the difforonec s these relin
bty eoefficients s undoubtediv due to crram of measurement
It » more hhely honever that n eonudcrable part of the
difference s attnbutable to meonavioney of what the tent
moensures at diffirent bioes

Anderson {1939} has erphasized the apparent meomntones
of measures of inteiligence dernvad from anfant fests and from
the Bmet e concluded  Infant tasty po ot present con
stituted, measure vers httle of at all the functimn that
enlled “mtcibigrnee ot later nges Balinshy (1841) 0 bn
study of the factonal composshion of the Wighsler Bellevue
Intelligence Scale for nge groups P 12 15 25 2) 25 41 and
56-59 + oars, conclugded that mental traits change and under
£0 TeorganZAtion eer a Span of vears  This mennwstenc)
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between mental test nbility at dufferent ages cunphasizes the
conrepts of ambiguity of content and of process in the estima-
ton of mtellectual sbibty st different ages Intelhgent
tehaviony, howeter, may only be apparently inconsistent at
successive ages to the degree that the vanety of educational
PP of emy tal stimulat or of physio-
fopeal changes wm physieal fitness, visual acusty, speed of
eaction, or metabolism affeet the scares
The opportumties mvolved m formal education mnfiuence
the test results of adults w & large vanety of mtellectual
#ems When 3t 1s Tecogmized that hughest grade reached™
15 an undifferentiated muxture of quantity and quahty,
the conclunon 1s somewhat strengthened Hiphest grade
rethed credits each year of formal mstruction — ncademic,
voeational, or lersure tume — regardless of the quality of the
snstruction It 18 sigmificant hustorieally that the Commttee
o the Psychologieal Examination of Recrwts in 1017 (Yerkes,
1921} set among their erstena for o group test of intelligence,
ron dependence upon schaohing, but that the empuical results
between the group test (predecessor to Army Alpha) and
reported length of sehooling was sigmficantly correlated

Many of the studies of cross sections of the pepulation,
therefore, must consider the 1nfl of d 11 schook
g

M relatign ta variet ane e -

~ =y uppldisett 0y means of vocabulary tests,
iﬁe';r:s to,he well mawntained theourhont We i '

Pa
of
uh
oldest learmngy’ vuonst LN uBE of Jost's laws that “the
g 15 last to be Jast”
tell }level 15 est e ;:;m des el|op'ed 2 test w hcreh)!’

o and
¢ performances on other tests with this le:/el It must be
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person may give a correct (from the pomnt of view of the hey}
response —but the child may have given a response on
the basts of reasoming and the adult on the basis of rote
memory  The eredit 1s arbitrary but the sigmifieance of the
credits depends upon the eriterion and the degree to which the
proeess s affiliated with that cniterion

It may be asserted that the pature of the cntena for adult
mtelligenee, or mtelligence m any age range, conditions the
nature of the samphing of the tashs to be included m a test
Indeed, there may be some pomt in demonstrating that
measures of mtelligence for cluldren are highly predictive of
measures of inteligence m adults  To the degree that the
relationship is high, the mference would be that mtelligence 1s
sumilar m the two groups, or that the eniteria for it are the
same  Nevertheless, the very vanety of tasks m mtelhigence
tests may be such as to reduce the relationship of meastres of
intelligence over time  Tor anstance, Thorndihe (1939),
usmg the apparently homogencous measure dernved from the
Stanford Revision of the Bimet-Simon, shows that the relation
between retest cocflictents varies with the amount of time
between retests  For repeated Binet exammations given
sathin a single month the correlation ts approsunately 0 89,
and for repeated examinations five v cars apart the correlation
1s approamately 0 70 Part of the diffcrence n these relia-
bility coeflictents 1s undoubtedls due to errors of measurement
It 1s more hhely, however, that a considerable part of the
dilference 1s attributable to inconststency of what the test
measures at diffcrent times

Anderson (1939) has emphasized the apparent iconsistency
of mensures of mtelligence dernved from infant tests and from
the Binet. He concluded *‘Infant tests as at present con-
stitnted, measure very httle, of at all, the function that is
ealled ‘mtelligence’ at later ages ™ Balnsky (1081), m hus
study of the factorinl composition of the Wechsler-Bellevue
Intellgence Seale for age groups 0, 12, 15, 25 29, 85-44, and
50-59 )cars, concluded that mental trasts change nnd under-
go reorganszation over a span of years Tlus inconsistency
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been vahdated agamst an appropnate enterion for envihian
sdyustment aver a wide age range

Methodologieally, there 15 5 cutrent need to develop more
sppropniate and more adequate measures of mtcibgence and
of personality for long term study over time  The intethgence
fests, used 1 research duffer m Yhew Soctor compostion
Thusstone (1855), for mstance, has produced evidence that
s seyen * primary abihities” develop ot different ates m the
age Tange from buth to matunty  If mteligence 18 multe
fateted, the problern 1s made rouch more difficult Neversthe.
less, reasonable estymates of the primary coraponent ean be
mwade For o full understanding of cogmtise growth and
develapment, however, a vanety of different tests apprasing
speed, ‘ personaltemnpo , memory , space relation, vocabulary,
number comp ete must be validated

The greatest difficulty, currently, hies i the develapment of
useful of p hty and p 1 adjustment
Although the tests based on Rorschach’s (1948) Psychoding
soshih. open up an ymportant ares for test des elopment, 3t wal}
be many years before an adequate semes of such tests will be
malable The response of an indinduat to ambiguous or
bnstryctural shimuh suggests that perception s related to
personghity, intelhgenee and expenmence The wsolation of
components will be a long term tash

The continuous apprasal of the agewny process thus de
pends pmanly on the deselopment of more and better
I‘:) chological tests for cogmitive processes, for personal
: and far psyct behaviour  The very
italions i tests and measuremente fon tha e L T
fields 15 8 stronger
ping method 1n the
S;:; ‘::“a :: d:&st senuty used when new and better tests
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recogmized that simce vocabuinry reflects schoolng, there wail
be an ovcrestimation of level for persons with mare than
average schooling and henee a corresponding oy erestunatian of
the detertoration  This o1 crestimation wall be most noticeable
if the performanee items show relatinely lower correlation
with schooling than do vocabulary tosts

Perbaps o more sigmfieant find with respect to diffrences
of younger and older adults in mental performances 1s gen by
Goldstem (Goldstemn and dcheerer, 1931) e sugpested a
differcnee i attitude {or process) toward intellectunt tashs
Glder adufts appronch intelfectual tashs with more of s con
crete attitude than do vounger adults  Younger aduits tend
to show more of an abstract attitude o the degree that con
crete athitnde 1s related to erystallszatron of approach, and to
the degree that abstract attstuds 1s related to flind approach
these results of Goldstem should influence the interpretation of
mtelligence test scores

Goldstemn s dichotomy between fudity and or statlization
or betneen conercte and abstract suggests that wass of ap
proachuing intellectual tashs mayv be rdatad to personalits
It s regrettable that tests of emotion and peronnt adgust
ment arc as vet far from adequate espeealiy for long term
follow up and large sualc cross sectional studv Most of the
mformation currenth mintlable comes from datn about acute
or chrome emotional disturbanecs which a psychintrist or 2
chinteat psy chologist ean rceogmze Over the vears merensed
sensitinaty to emotionat be haviour has snfted the reforent for
emotionn! disturbanee  but the results  unless relsted to
retrospeetine anccdotal matenial, eannot be used exeept
suggestinely for estimatmg the changes w adptment in
rgemg or differences between age groups

The ususl measures derne from imvantories of reported
fechings ond behavours  The fumous Woodwarth Schedulc
nshed respondents to wdiente for themselues nmwery to
questians cuch as “ Arc you nfraud of bigh places? Dovou
frnt ot the sight of blood? |, ete Sueh schedules have been
used widely especially momilitary settings but they hase oot
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ey validated apamst an appropnate entenion for ewvilian
adpustment over a wide age Tanife
‘)ﬁ:thudn\ugm\ky, fhere 15 & cusrent teed to develop more
and raore adeq) of intelligence avd
of persanahty for long term study over time The teligence
tests wsed 3 Teseanch differ 1o thew factor composition
Thurstone {3435, for has produced evudenee that
tusseven ‘primary sbilities’ develop ot different Totes m the
sge tange from birth to matunty If wteligence 1 muth-
fateted, the problem 1s made much more &ifficudy Neverthe
less, teasonable estmates of the prmery compunent can be
made For o full understanding of cogmtne growth and
derelopment, however, a vanety of different tests appraing
speed, *personaltempo , memory, space rélation, vocabulary,
aurdder compefence efe st be vahdated
The greatest diffienlty, currently, Jies tn the deselopment of
useful of p Tty and Y ndjustment
Althvagh W tesks based on Morschad s 13938) Psy chodtag
nostik open up an (mpottant axea for test des elopment, 1t will
be many years before on adeguate senes of such tests will be
aalable The response of an mdividual to ambiguons or
it { stmnh that pereey 15 yedared to
The sulabwn of

personality, sntelhgence and exp
componeats will be & long term tash

The contsnuous sppraisal of the ageing process thus de
fends prmardy on the development of more and beter
psycholomenl fests for cognttive processes, for personal
dyost and for psych

or bebaviour ‘The very
Umstanions 1 tests and measurements for the psiehnlamant
fields cn 4w
gy .
that ¢
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Welford The tash was 10 DO BaY visually exacting  The numbers were
he smost difieult past of the dlsplay to see but they were about 88 nch
gh and +rewed at not more than four feet so they were really quite

arge

Tunbridge But st 1s an alignment factor and a question of focussing
tie further the distance the preater the diffeulty m accommodating
it s swrpnsing what a difference a smalf distance would mahe toan older
st

Welford hay tned the shgument tash mthout the numbers and 118
n fact yielded very Lttle change with age Ve can sny that given the
task of altgnment only of going through the motions with the sumbers.
enly you get very small change withage given the twa things combined
sou get a very large one

Lorge 1t is a double prodless Not only 15 it nvisual tash but alsa
% 19 Yhe process of uttizing the miormations 1e the transfers e
’mpmznt Here one may make a pont when we tramn y oung people ta
learn codes and we train them on meamingful matenial 1n which the
expectations are sireadyv budt mto the mdindust the learmsng is quite
& flerent from when they have to learn cryptic codes where no expecta
tons are set up or used What may happen 15 that the expectations
“{‘raudy establshed by previous learmmg m the adult are so predominant
that he expects anyone 10 be sensible enough to hav e the light related to
the stimulus that these expectations axe overlearned ond thus he may
have great diffientty i unleantng a learung  One of the findngs in
gl;; worh in lenrning 13 that st s mueh harder to break previously acquired
: ity than to leatn rather new ones. For mnstance when we tricd to
b <= & mroup rangmg from 26 to 70 years If we or

~necq ant every learning ocession
. ~enmired over
POUT #¥pettahions Wit & 1 v hod
But when we try to teach Pitman shon o
Bt
11!m::<1;{:s ddficulty becanse of therr earlier over learming of pi v \:i:
ofant sy my‘ ;z‘mnm.bruuhm ® g they iry tewmte s phsyyobol mstead
Oibrieh X have one fundamental entio

§ 1sta of § our sampling of popul

s Namely hase 3o any health s entory ot o supeats v pave
Ty eea e haemoglobins bleod pressure and blood urea ete ? You
Banp Iy flmp(e!son with & haemoglobin of “B or cven 50, hving quite
comes 1o th e 5, Petfectly looking quite antelligent and when
bt wm‘eﬂh e will grve a result different from that gnen by a
alen apphes ta semoglobig of 300 This applies to factory workers and
anl et "g“b population even to young schoolchidren
ie? There s m“ a ; 1g question what factors play an environmental
Yigh blood ea E“ ‘z‘)‘u \;:cehg! haemoglolun or 1 the older group of 3
Intelhzent respoass wod gh b::o: uanersity professor who has & qutte
no} rabd WIEQ 33 UP 10 120, 50 these fests are

orge

Your entenm 15 extraordmanly ald Ve have bad as
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DISCUSSION

Diest Dr Wellord, Is there any evidence that the younger people
became bored during your cxperiments ¢ Is the fathng off due not to lack
of ability but to the fact that they got tired of trying?

Tatt el Tofasn ulllael o sbn 2 vorrsd 0 Ay experiments

. - . * the older, a0
L - to boredamn
Laqually, BOWCVLE, 1L WM e tnsile 10 Argue Ligt whiere an nprose-
ment pecurs with age, there are certafn capacitics which mature fn
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ful pass, here 19 & nuckel, here 13 4 dime, sx:d her‘e 138 quanex';. The
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muml aged people are no\ \ery eo-operative, they know (hur reactions
w mlmz o dittle and lbey are reluctant 1o have that fact dragged into

N veed That is one sery real explanation of the
. —nthey possibility. As we get

' eeason

. -t . n the
lhu\g K AT AR o, : aeniat
psycholomsts may no Trecot - H
T logsts ey 1 :.h:ne me one vl agree
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another issue the estimation of health in mdniduals We have tned tn
study arepresentatn e community in New Yorh State We wontedtoget
o relation between responses to questions about physieal and mental
symptoms and psychologieal behas wours and henlth status Ve enhsted
the co operition of some 30 physierins - Al agreed that they con recog

mze il headth but none vas waitling to report o mersure of the adequacy
of the health strtus of the sndividund beng nppraised  Your powmf

however, 15 well made  Wetzel in the United Stales demonstrated
that certain messures of heatth are related fundnmentally to the sehoot
success of children, and that the child s health ean be estimated fnpart

by the fact that lie 18 not achievin,, adequately in school thns 1s recog

nized as M health  On medien] treatment, which may be nutntional
or corvectine n another way  the school perfommance does m many

mstanees improse and the ns crages definutely do goup  The number of
»anables that must be hept under control sn the appraisat of performance
of of imnteligence or of emotion are so compley that sometimes 1t 15 127y

courgeous of a psychologst to attempt to do anything  After Prof

Damellis contribution ¥ have a fechng that you people are in the
same spot  Perhaps by the vompoundmy of assays i the penumbra of
shadawyy ignorances we m1y learn something

Welford I entirely apree but { do think there 15 one pomt whichs

very often mussed and that is that the type of samnple requared and what
we heed to control vary greatly accordhng to the purpose of our study

Ifwe hase simply an applied mum forinstance to further the coaployment
of older people we need to study the older people as we find thens in the
exsting population  we need then a truly representatine sample Ve
mught perhiaps complicate this by saying vwe siced s representatis ¢ sample
of the populttion as 1t w1l be ten yeirs hence  The sample would still
be fundamentally of the same type  Tor a study of agemg ns such

we do not need a representatne sunple we need one m wlueh people
of different ages nre comparible 1n a reg resentatne sample death

disease and so forth ali tahe thewr toll. but thas does not affeet the validity

of the sample  In the comparable sample such factors are smportant and
their effects must be controlled

Friedman Y vonder whether there would 1e nny valdity i one
additsonn) appronch to the two which Dr Lorge has mentioned i has

bined apy Fhe problem st scoms 10 me 1310 part complieated
by thse fact that the testing method stself s o varmbic i the experimental
prrongement  Could that Le smoothed out by the ordinary biologscat
procedure of selecting groups wiuch were even on the test 1e in which
thetest performiance was the same and then workang from that toa study
sav of agemg or other factore?

Lorge That method has been utihzed i some testing of the ntelfect
wal ghulity of pdults atnge 3t forn hom scores on mental abllity atagels
were avsilable Indnidunls nere equated for ape-1 1 scares and teasured

agwn ot oge 8% The test rosuits at age 34 were different depending

12 the amount of education intervening between the fourteenth and
:ler,;t fourth Lithday  The greater he amount of schookng in the
™ m)[) year inters al the greater the cifferenee n the age 3% prsform
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Dr Lorge, you emphasized the difieulty 1 finding a yardstick for
intellectud eapaesty in older ages since you don't have sctivoling as the
cuterion  You maplied that such things as socnl mitcihgence must
taken nto account also the intelligence shown  one’s job or an one s
use of lersure  This 13 the sort of problem that has anisen i several other
contexts and that has been dealt with effectively by startmg with ent
terion groups made up of people whe show to an extreme degree the
qualities which 3 ou are interested m ond then you use factoral analysis
or stmilar statistical procedure, for determimng what tests will senve
your purpase best and y reld o measure of the dimension or dunensions sn
question  Here we are dealtayy wath several fietors which contribute to
the genernl notion of intelhgence nnd we need statistical devices ko
overcome at + arious ages the diffieulty of not haxing a satisfactor single
eniterion

Zorge 1hase done factorial anialy s1s on cross sectional samples, uslng
Bahnshy’s data on the Vechsler “The pereentage contnbution of the
{first prineipnl component ehnnges with age  In the age @ group, the first
factor accounts for about 44 per cent of the total vaniance n the 12 year
group, 41 per cent, in the 15 year group, 31 percent 1 the 25 to 20 jear
group, 27 per cent, wm the 35 to #4 year group 38 per eent and the
50 to 59 year group 50 per cent  Flus 1< the complication that is ntro
duced sothat while your suggestion, Prof Lews 18 meritorsons, what we
have here s that the principal component is based on o very houted
array of tests and what we would hnve needed s of the order of 40,
rather than of 10 different hands of tests  Jenes and Conrad assert that
a younster gets 25 per cent of his score from both the voeabul vy and
mformation test but an adult gets approumately 40 per cent of his
total performonce from those two tests It s the same thing the
principal component 1s varmble and it seems to be smallest arcund 10
years, which 15 the nge at which reaction time begns to affect performs
nnce
The other sssue 1s whether we have a cultural phenomenon related to
the concepts of accuriey  the data on older people scem to ndiente that
necuracy 15 samething that these peaple worh for and work at - Fhey bhe
to be accurate they are not slwoys so In our work sth the Vestern
Llectrie Company 1 the United States dunng the war, they re-hired—
at my suggestion—a aumber of people who Iind been retwed The total
performance over the year sn terms of useable products wns preater for
the re lured people than for the regulwr younger staff  1he reason wns
hat the youngsters did riot mund takang a day off to go Bstung, wherens
none of the oldsters did that "Theonly ocenston on whieh they would tahe
time off was when they were readly i It seems as if the older people
have devotion to task comnutment to aecuricy and mamtenance of
matenal Now is that cultural? Wil our next genemtson be lesy that
way 7 T cannot say, but 1t 33 sn amportant phenomenss Wehaie to be
aware of it, 50 years hence we may have a different hind of behas four

Welford My comment to Prof Lewiw is that I thinh the possible
snequahitres of motivation subjects of different ages are of a hind such
hat one has 10 limst the mference that one makes from any experimental
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Haweser, I do not thank that a hugh swon mtake alone, espeesally ina
“gond™ diet or mel) nounshed individual, can promote such extensis e
#0d stsere siderons 85 we 30 frequently encounter. The expen

mental work. of Kmney and co-workers {Knney, » Kauftan,
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an, by the ron storesin the reticuloendothelalsystemaswell
a3, pethaps, by some funchion(s) of the panereas (Gillman, J, and
Gillman, T {1951). Perspectes in Human Malnutntion, New York,
Grune :&‘ Stratton, Inc) Beanng m mind the large‘ ‘qum\txtles of
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GENERAL DISCUSSION

Best Prof Gidlman, what 1s your coneeption of the eause of ner
disease m South Afrea? I realize the brendth of this question

Guliwan  One ean find no so called “speetfic” canse such as
bactersal or paramtic mfections Swee siderosts may commence
betneen the ages of 25 and 16 years and seems to progress rapd)]
after the age of 20, at a time when nutrabional faslures—uith fran
chinieal syndromes of pellagra and the hhe-~oceur, one suspeets very
strongly that long term chrone malnutrition, so common among the
Afriean peaple, 15 an paportant netiologieat factor

1t has been suggested by others that paeasitic factors may be sne
rolved  Malarrt ss eertamly not operatne either i Johannesburg
or Durban  Ielnnt} and espevaally hepntie t both,
occur 1wt Purban and ats esvirons - However, another study whach s
bewg conducted i our group by Dr N Lnmont wdicates that
amocbie hier abscess 1s frequently supermuposed upon & presiously
damaged and siderotee Iner. Also, Dr R blsdon Dew who has for
amany years worked on amochiasss w Durban, has prosided con
suderable evidence (1040, ddmer J trep Med, 29, 337) mcwating

that the phibihity to dimocha hstol) nfection 5s o function
of the nutntional state of the mndnadual Sumlar evidence has been
bisted in evpe tal Ts by workers m Washmgton {Taylor,

D J. (1950) § Parasit, 36, seet 2 €1} So 1t would scem that the
tugh mexdence of Iner disease m the Afnican n the Unton s primanh
due to long term chrome under or mul nutrition and certaunly not
1o acute defieiencies of onc or other Anown nutzitionad component.
Bourne The pictitres that you showed of the deposition of iron
ghe hner, i particutar, are stnkwgly rerumseent of the arerr~

Iation of won which you get so ammals wsthon? t
that would support your cor-s .
exceppthat T 1 . 38
eol N

t * w1 tue ideratire on cobalt deflerency

L e 1s munly Austrohan an ongin) theee s usually

?:t))fmm(‘{ assocrated anrenua and the mron sces ta be denved from

lobin InDurban, Limorecom=  * athey
are 1n Johannesburg, but pre nevest <* - . m
sideroties—the ¥ ~eo . s » s 2
£ per cent Ne+ " \ ) ,,,

TFrbnar
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. T ¥ o wnth ) om thab gfter

vy m . P
Flotence e considered three groups of patients, who were from
090 years old & group of endonormal ’ individuals, a group of
sntenosclerotic patients, snd 2 group of atherosclerotic patients
{1e patients who had suffered from aprevious my nf:mlml mfarction)

 Sanrd nng o

stant 1ncrease 1n the mucopolysacchandes m the blood as well as
@ decrease 1n hepannoid substances  Another fact that we consider
tobe stnetly d pol hand bholism 18 that in
more than two thirds of all patients C-reactive protein was present

Therefore when we consider groups of persons who are more than 60
years old, we have only persons who are not normal, and that seems
tobe due to the fact that with ageing we has e an altered metabolism
at the fevel of connectiv e tissues, which 15 reflected by the vanation
of those blood that we have d

Otbrch Prof Tunbndge has made one thing very clear and he
has therefore made ths discussion simpler there 1s no correlation
Yotwean marmbatam ol wd £ TTA Ll X1 ab

duterent age groups remaras constant, whereas clically we could
93_5‘ no p:\thulugy » and we found that according to the age group,

tion
T
wat - -
me . L .
intracellatar w xx;'é-lumwmg the blood yelume, eirculation time and

2 then these single measurements are wnot valid
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Gullman Ths has been one of our mam plens  Those of us tn
South Africx who have been attempting to get to prips with th
problem have tned to impress upon people the need for gathermp
the matenal before it 15 gone  Thus1s somethung for whieh we hase
Hutherto recerved very Little asustance One wants not only finanent
asuistance but help m terms of people to come and explost the wmque
material mour country  Armlablecsidence mdientes that thereverse
1s happeniog m South Afrier compared with that described by Dr
Lorgein Puerto Rico  There seems to has e been o grass detenoration
i the nutntional status of the Afmean people dunng the last 50
yemrs  The first eases of pellagra were reported dunng the Zuln
rebelhion at the end of the last century and the first eptdemue of
pellagra oceurred m the 19205 so tius detenoration scems to have
supervened rither suddenly ‘The adoption by the Afnean s South
Afnien of Luropean customs and dietary habits 1s n relatiy ely new
thing  When I was o medical student not so long ago three-
quarters of the Mnenns attending an Outpatient Department were
blankcted VWnth the commnz of World War II, relatively fen
Africans wore Duropean clothes but there has been such rapd
sndustrrlization i South \frien during the last 15 years that by the
end of World War IT it was rare to sce an Afnean attending so
Qutpstient Deprrtment i e blanhet  Thes gaves some medieation of
the speed with which tins change 15 oeenrnng smong the Union
Africans  Assoriated with thus 15 a raped deterioration i the agn
culturd value of the land avadable to these people n vatious parts
of the Union Tlus 1s another basic socie cconome aspeet of the
overall problem m my countny

Olbrach If you compnre your agrcnltural ;‘)ulnnm) shil blan
Leted to the (Hdlﬁkl‘lﬁi population you already bave the rusuer

Gillman We are trymng to get sometiung orgamzed along these
hmes So far we have carrted out only a relatisely himted suriey
m n completely different rural population of Afriean fislung folh
near Loutcngo Varques i Portuguese ¥ ast \fnen Yo have taken
hyer biopsies fram some 60 or 60 adult volunteers  Hat this group
were cating 2 particutsr hind of diet different from that constmied
by either the rural or urban populations i the Union It was a
fishung community whose mun article of diet was fish Thus thew
dict contamed quite large quantities of protems vatamuns A D antd
B complex Al the mformation thus far avadable from autntional
surveys among urban and rural Umon Africans indrentes that
malnutntion and pellagea are common throughout our country
We hope 1n the near future Lo scquire precise data concermng the
cidence of hyer diserse in rural and urban Afneans i the Un,xon

74l 1 would hike to comment on what Dr Tandoune and Prof
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{1 patients who had sudlered trom & PFEVIOUS MMy UCITUIA UL ALLLION .
We measured certamn blood components electrophoretic fractions of
serum protetns and hpoproteins, total serum mucopolysacchandes,
Careactus e protein, cholesterolena, plastuatic heparinod substances.
1l we conider the data os a whole, % ¢ ¢an say that there s no difter-
ence 1 thebload picture of the three groups, Weobserved aninerease
of slgha and gamma plobuling, we found a normal beta alpha hpo-
protemn relationship, We observed that there was an almost con-
stant wnerease . the mucopolysacchandes i the bload as well as
» decrease 10 hepannod substances. Another fact thal we consider
tobestnetly d 1« pol hatid bolssm 15 that in
mare than two-thirds of ali patients C-reactsve protem was present.
Thertfore, when we consides groups of persans who are more than 60

3 .

il ape groups rematns constant, wheress chmeally we cowld
?ﬁ:ﬁ’,f” pathology, and we found that, according to U\ey age group,
here Ia dcc)rdeasc of mtracellular water and a vanation 1 the fat
o ‘;qu ke o suggest as a defimtion of age o decrease of
Tomtee \; z;r ater, sith mantenance of extracellular water and 8
\2nving fat mass, As)thc traceliufsr water decreases the cell mass

of ) gly, if the 15 true that the watio
of cell solud to water rematns constant, It folfoms that the demand
N .
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:l‘l\e measurement, for exnmple, of veen

it 1o age alone cannot avord the O
C‘Ol’;dltloﬂs magrounwl~e o

Artim v * = .

- . y v
to oy sequent e 2

1 g owana e Y
1. . us correlated to age alone T
simgle measurements or &ven Ty . s Mot eprried out
simuitaneausty are valueless

Fredimon 1 find ryselt m agreement with Dr Olbrich msofar as
the rat data which we have support s contention for taan 1 am
Dot sure how far one can go to cstabhish vries . £

thing, but certamly whot 1 vy
one nem

m - . .

{1« L . . -

of ..omg ord edition Tttt Lowcamore Withams &
Wilkms) The point ab .o temtionshins of o aver * -
fat frec body mass has ¥ 5
nrd on .

¢ . Lo
t . + o gemiation takes place st
< U, age groups, so hus values for extracetiutar

water were surprsingly hugh and the anation m hus extraceliular
water urentents was ¢ ferabl

When total bods water 1w measured with antipyrme or NAAY
{N-geety lanunoantipy riney nud the results are plotted and extra
polated to zeso tie, there 1 also great vannbion § ne membens of
my staff independently plotted the obtamed antips pine salues and
extrapolated them, ead thewr results s aned greath  Prof MeCanee
suggested using uren, 85 urea penetrates aff the ccffs and X find the
urer method gaves furly constant mensurementa We b - i
and we knosw the extent of the oo~ -

Fop w enm .
B 4
o
. .
1 Jeoops ot Nwolaysen wonld san something about how

10 proceed w the i etigation of sutntion i rdation

We AYe gom
¥ o d whether or not atmal resufts ¢ be epplred s the

to ageing, an
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Tuman beng  Terhaps he would abse review the rdle of essential
fattn scds in chiolesterol metabolism,

Mudlasent 1 am quite optimstic both a3 regards ammal and

' “ 7 ava shanned and executed Out of

Yt e matinn

[T
s,‘,\;el“: F ’
ehome
spectys
much wne sty
“'&‘e Chatrman’s question caught me somewhat unaware, when he
e af T would review briefly the yather exerting problem
Y ~kelectorn] metabolism,
to

nis
e

e Eenag
TN L wees,

properly applied "
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It has been cstablished that the fatty acuds m cholesterol esters
are the most hughly unsaturated enes m any type of ipid and fat
lowd 2 well as cholesteral load on the metabohsm will hasten the
development of essential fatty acxd deficieney i rats Tt 1s therefore
probable that the essentanl fatty seids play » vole m the trwsport
of cholesterol  The analy tical figures for essential fatty neids yust
auoted, hon oy er mdiente tht the sohetion 1s not as simple as all that

The effect of different types of fot on bleod cholesterol must
necessanly be established m studies on humans  Most of the funda
mental problems such as integration of cogenous and endogenous
cholesterol 1w metabolism transport and eventuallh an abnormnl
Bissue deposihion will according tomy Jud, most profitabl
studied m anunals and mv beliet 15 that most of the fundamentalls
new results will be obtmined by means of anunal work

This 15w my view a tvpeal example i reply to your primary
question  you need studies m hasmans but surely the sobition to
the fundamental problems will ongnnte from snmml expenments
W need the deseniptine work w humans before we turn to the pene
trating analvtical and biochemical work sn anunals

Ferafir 1 was glad that Prof Tunbndge brought a httle optimism
mto our work on humans agun because histenmg to aff the difli
culties and all the entieisin during these two days one tends to lose
the behef that one can work on humnans at al}

We ourschies m spite of hewng smmal phy siologists thought that
our mam subject should be man We started o teany which hias been
worhing m Basle now for two years selecting so cafied normaf wen
whom we mtend to study during the nest 30 years We found »
factory which has a farrly continuous working umt the young men
cnter 3t at about 20 22 and spend all therr we rhang vears there
Visth the help of Dr karl Yhescher i was powible to get 50 new
persons a year from this factory  The sccond fot is now beng studsed
W ¢ hope fo get up to 200 indiniduals eacltof v hom shondd be studied
every second ycar and the continuous agewng chinng ther e should
be worked ot This 1 rather an optansti seheme and ats success
depends on two thungs first that such indiysduals shadl be avmlable
ang that these 200 or at feast half of them wili be there in 30 yonns
time sceondly that our orgamzation we rhs 1 such o way that the
subjects shou;d not need to lose more than ene worktng mormng
the year, wheeh s the mavimum which the fuctory wil aliow ko
sse must make no mensurements winh are punful to them ep

artenm} or yenous punctures X urthermore of the scheme goes on
sonte of us w hoare carry mg out ths study now will hnvebeen n‘rl wetd
by others and the methods therefore e heen s!::ndunhm The
jects come 1 thice at o tune to the Medieal Palyehme where

suly
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entre of the whole team where ther yisual meunty 15 studien vy
Srare )

b vant moth

- he
decades He began to caleulate the probability of age on th'r; basis

can be observed

Ve should be glad 1f not only 1n Basle but elsewhere sumlar
schemes were started

- * * * *

Best The expenmental biologists ofl our group have gr&:cnted

great contributions to our subject Ve admure the saientific 1n
vestigators whose shill 1n mathematies phvsics and chemistry, as
wcll sn hlollog} enable them to look well below the surface of our
L oyt i o St f . .

far= o 1

cont 0
fiela of genetics feel 1t 1 a hittle difficult to bring their findings to
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{rution but we realize the great fundamental ymportance of tlus
method of approach Others work in nutritional, neurologieal or
psychological spheres and here we sometimes sce phenomenally rapid
application of the findings

We have had a fine opportumty to mr and to compare our views
at this Colloquium, and we are very much indebted to the Ciba
Toundation, to Dr Wolstenholme and te the members of the
stafl for a fine meetmrg  Tamsure that we have all sppreciated new
pomnts of view and haye gruned new facts which will affect our onn
research programmes
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